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1 INTRODUCTION

1.1 Background

The different partners of the PREPARED work on innovative and practical solutions to
manage better water systems so they will be able to cope with climate change.

The management of sediments in sewer is currently a major concern for water
operators. Knowledge and tools could be used to control the risks related to sediments
such as contamination to the receiving waters, urban flooding or odours. Climate
change is expected to modify those risks, making them more unpredictab le if the
management methods continue to rely mostly on past experiences. Accordingly the
application of innovative solutions is needed to reach the desired level of risk
management and at the lower cost possible.

The aim of the Demonstration Task 1.3.3is to test in a reatcase the findings of the tasks
3.2.1, 3.2.23.2.3and 3.2.40n existing and new methods for sediments monitoring and
sediment modelling. The data and the recommendations from those tasks have been
used as input in this demonstration t ask:

e 3.2.1 A Knowledge base of existing methodologies for sediment monitoring in sewer
networks.The work consists on state of the art of sediment monitoring strategies
based on 4 main aspects: steps for planning a sediment monitoring program,
manual sediment monitoring, automatic sediment depth monitoring and
automatic sediment quality monitoring.

e 3.2.2 New methodologies for sediments monitoring in sewer netwodescribes the
tests and results applied to a new prototype sensor developed by INSA to
measure sediment depths profiles in sewers with a sonar.

e 3.2.3 Evaluation report on existing tools for sediment modelling in sewer networks
Different commercial and well known sewer software modelling tools are
compared by applying a questionnaire and a few tests to each.
Recommendations about their use for sediments modelling are given.

e 3.2.4. Development of technical guidelines for the monitoring and modelling of
sedimentslt provides recommendations on the combined use of monitoring and
modelling to imp rove sediment management in sewer networks.

1.2 Structure of this report

This report presents the results obtainedon sediment monitoring and modelling in  two
parts of the sewer network of Barcelona
e Monitoring : the information gathered in the WP 3.2 has been used to validate
the representation of the sediment behaviour in the network. Manual sediment
monitoring campaigns have been performed in Bac de Roda catchment. In
additions, new sampling s were done in seven points of the network (Riera
Blanca catchment) to get a better information on the sediment characteristics for
performing the modelling (following the recommendation presented in the
report of 3.2.3and 3.2.9
e Modelling : the Infoworks model presented in Task 3.2.3 was selected to
provide the inform ation required for determining the sediment behaviour in
the network for the Riera Blanca catchment (flow velocity, shear stress, etc.).
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This modelling tool was selected since it wasthe most appropriate modelling
tool together with Mike Urban (following the conclusions of the report 3.2.3).
Data from the monitoring campaigns were used as input of the model and for
validation. From the results of the simulations performed, sedimentation
hazard was evaluated according to recommendation presented in report 3.2.4.
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2 DEMONSTRATION SITE S

This section presents the demonstration sites used for monitoring (Bac de Roda and
Riera Blanca catchments) and modelling (Riera Blanca catchment) The introduction
presents the drainage system of Barcelona in a more generatontext.

2.1 Introduction

Barcelona with a population of 1.6 Mio inhabitants within its administrative limits on a
land area of 101.4 kn? (15,980 inhab./Km?2) is located on the Northeast coast of Spain,
facing the Mediterranean Sea, on a plateau limited by the mountain range of
Collserola, the Llobregat river to the south -west and the Besos river to the north east.
The city benefits from a classic Mediterranean weather and occasionally suffers heavy
rainfalls of great intensities and flash floods events. The yearly average rainfall is 600
mm, but the maximum intensity in 5 min, corresponding to a return period of 10 years,
is 204.7 mm/h and it is not rare that 50 % of the annual precipitation occurs during two
or three rainfall events.

Figure1 Map of Barcelona

The morphology of Barcelona presents areas close to the Collserola Mountain with
high gradients (with an average of 4%) and other flat areas near to the Mediterranean
Sea with lower slopes (with an average of 1%) This morphology produces flash floods
in the lower city in case of heavy storm events
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Figure2: Typical slopes and morphology in Barcelo

The presence of mountains in the upper part of the catchments and the described
gradients, make that sediments get into the sewer network, and they are eroded and
transported through the sewers with high gradients and they sediment in the low part
of the city with low sewer slopes, causing several problems such as reduction of
hydraulic capacity and odours in this part of the city. Other major sediments inputs are
from parks located inside the city, and construction works.

To reduce these problems and also to reduce pollution problems linked to sediments,
the Municipality spends around 4 M fér inspection and cleansing of the network,
which is 40% of the sewerage annual budget approx. $ any improvement,
understanding the sediment behaviour would contribute to great savings and a better
and most efficient use of the municipality resource s.
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Figure 3 Location of the Demonstration sites inside Barcelc
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2.2 Bac de Roda catchment

2.3

The general location of this demonstration site inside Barcelona is shown in Figure 3. It
is called Bac de Roda catchment (178.3 ha) which is quite independent of the rest of the
sewer system of the city.

The catchment has several urban parks that gé eroded during rain events, and that are
believed to cause sedimentation problems specially in the main sewer trunks. The
main problems associated to the sediments in this part of the network is the retention
of dry weather flows and important odour problems for the citizens

Riera Blanca catchment

Riera Blanca catchment with an area of 950 ha can be divided into three main parts :

e The upper part corresponds to the uptown neighborhood of Les Corts from the
Collserola mountains to Diagonal street, with a high percentage of gardens and
parks and therefore a low runoff coefficient. In this part the most impervious
area corresponds to the old town of Sarria, and the sewer slopes are very steep

e The second areacorresponds to the lower part of Les Corts, Sants and Collblanc
between Diagonal street and Cerda square. It corresponds to a very densely
populated area.

e Finally from Cerda square to the sea the catchment is very narrow and flat and
although it is an ind ustrial area, because of its short extension it does not
provide too much runoff comparing to the other two areas of the catchment.

The sewer network of the catchment is combined (as all the network in Barcelona) and
has 3 main pipes upstream of Cerda square: Riera Blanca sewer, the one in Ronda del
Mig street and the one in Parcerissa street. In recent years the drainage system in this
catchment has undergone major changes, in part due to the construction of several
works planed in 1997 Master Drainage Plan such as the Zona Universitaria detention
tank (105.500 m3 to protect the Riera Blanca street) and Doctors Dolsa detention tank
(50.500 m3 to protect Ronda del Mig). Butdue to the configuration of the network ,
these new infrastructures are insuficient to protect the city for the most intense rainfall
(superior to 10 years return period), and local flooding may occur, especially in the
middle part of the catchment, between Diagonal and Gran Via street. Indeed, in Cerda
square the three main pipes get bgether causing an important bottleneck with
upstream floodings. Then, from this point downstream until the outlet in the harbor,
there is a very large pipe (up to more than 10m width and 5m heigh), with a very low
slope but no capacity problems have beenobserved.
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3EXPERIMENTAL DESIGN OF THE

3.1

3.2

3.3

DEMONSTRATION

This section presents the planning of the different actions performed during the
demonstration task. It details the performance objectives, the physicial setup or
operation, schedule, etc.

Performance Objectives

Two main objectives were defined for the demonstration:
e Test the methodology developed in task 3.2 for sediment monitoring and
sediment modelling.
e Understand the sedimentation and erosion processes affecting the
demonstration site s to identify the critical sedimentation points, those ones that
shoul d be cleansed with more frequency and
cleansed.

Physical Setup and Operation

So the physical setup and the operation tasks of the demonstration consisted in:
1. Define and do a sediment monitoring campaign to provide dat a for the
sediment model.
2. Update and adapt the current sewer model to be able to model sediments.
3. Modelling the different scenarios and strategies
4. Results analysisand writing the deliverable

Schedule

The work has been conducted in close cooperation between CETAQUA and CLABSA.
The generalschedule followed is presented below:

Tablel Demonstration schedule

Task Description Start End Responsible

1 Sediment monitoring M25 M40 CLABSA
campaigns

2 Update and adapt the sewer M29 M37 CLABSA
model for sediment modelling

3 Modelling the different M37 M42 CLABSA
scenarios and strategies

4 Result analysis M42 M48 CETAQUA

5 Writing deliverable M42 M48 CETAQUA
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4 FINDINGS

This section presents thefindings of the demonstration task on the following points:

e Monitoring: According to the recommendations developed in Deliverable 3.2.1
and 3.2.2, two manual inspection campaigns were performed in the Bac de
Roda catchment to get the sediment depth along several pipes in this area.
Another inspection has been performed in the Riera Blanca catchment to get the
sediment characteristics (density, particle size distribution) and some
information on the sediment depth .

e Modelling : the Infoworks model presented in Task 3.2.3 was selected to
perform the different tests in the Riera Blanca catchment following the
conclusion of the report 3.2.3. Data from the monitoring campaigns were used
as input of the model and for vali dation. From the results of the simulations
performed using the Infoworks model, several sedimentation hazard maps
were obtained.

4.1 Monitoring

4.1.1 Sediment depth monitoring

The sediment monitoring demonstration in Barcelona has focused on this lower part of

the city where big sewers such as the one inFigure 5 are located. Conclusions from

work package 3.2. - Improved measurement and modelling of sediments in sewer systems
were applied.

- e

a3
S~

Figure5 Example oflargecross section where the sediment monitoring campaign in Barcel
has focused
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In a first step, a sediment monitoring program was defined on the following points :

Goals: Define and testa methodology to obtain sediment depths in sewers in
order to obtain those points where most sedimentation occurs and if sediments
are stable along the year or they suffer important variations in depths and
location.

Monitoring methodology: it was decided that the best monitoring option was to
plan manual campaigns

Monitoring points and sewers: Sewer with low slope and previous
sedimentation reported were selected. An itinerary with a le ngth of sewers of
1.5 km approximately was selected thinking that it would be representative of
the behaviour of sediments in the area.

Frequency: Initially f our sediment campaigns were planned during the year
(one each three months) but this was reduced to two sampling campaign
considering the amount of resources needed fa each campaign.

Then a protocol was developed to gather the information of the manual campaigns.
The objective was to provide a standard and consistent protocol, allowing a simple
gathering and storage of the information:

A clear sedimentation form was defined so that it was easy to fulfil with the
required data. An existing form and data management systemwas adapted for
this purpose (the one to identify structural problems in the sewer ).

The form gather information of st ructural type (ID of the section, diameter,
etc.), sediments depth (at the left-side, middle and right -side of the section and
at different distances from the well) , and sediment type (liquid or solid) . The
form was filled during the sediment monitoring ca mpaign using PDA that
automatically transfers it into the GIS software.

sewers, and the PDA software used during the campaigine PREPARED project

Figure 6 Example of sedimentation form originally is used to report structural problems in t
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