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FOREWORD

he NOAH project was launched with the aim of protecting the

Baltic Sea from untreated wastewater spillages during flood events

in urban areas. To achieve that goal, NOAH aggregated hydraulic

modelling, spatial planning, water quality analysis and real-time
control of urban drainage systems.

The pilot sites were selected on the basis of their location near a nat-
ural water body (sea, river, channel) which is connected directly to the
Baltic Sea. At such sites, extra flow rates in the urban drainage system
pose a risk of wastewater spillage during extreme weather events. All
participatingcities had an urban drainage system in place, which did not
perform sufficiently under conditions of extreme weather events. The
aim of the pilot activities was to test and implement a set of solutions
which, as the NOAH concept, would be easily scalable to any urban area
in the Baltic Sea region.

The current handbook gives a concise overview of the multifaceted
challenge of reducing the risk of pluvial floods in urban environments.
The handbook explains the background of the problem and introduces
options to solve it. More specifically, the handbook provides an overview
of what the NOAH Conceptisin preventingand controlling urban floods,
and proposes steps that local municipality governments and water util-
ities can take to follow the concept. The handbook is accompanied by a
set of annexes containing project activity reports, which provide more
detailed information on how the concept has been implemented and
what have been the lessons learned during the process.
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GLOSSARY

Fluvial flood - or river flood, occurs when the water level in a river, lake
or stream rises and overflows onto the surrounding banks, shores and
neighbouring land. Not directly targeted by NOAH, but considered in
areas where it affects the performance of UDS.

Pluvial flood - occurs when an extreme rainfall event creates a flood
independent of an overflowing water body. Surface water floods occur
when an urban drainage system is overwhelmed and water flows out
into streets and nearby structures.

Climate scenario - climate change scenarios or socioeconomic scenar-
ios are projections of future greenhouse gas (GHG) emissions used by
analysts to assess future vulnerability to climate change.

Real-Time Control (RTC) - the ability of water infrastructure to be
adjusted in response to current or forecasted conditions.

Combined sewer overflows (CSOs) - combined sewer systems are
sewers that are designed to collect rainwater runoff, domestic sewage,
and industrial wastewater in the same pipe. During periods of heavy
rainfall or snowmelt, however, the wastewater volume in a combined
sewer system can exceed the capacity of the sewer system or treatment
plant. For this reason, combined sewer systems are designed to over-
flow occasionally and discharge excess wastewater directly to nearby
streams, rivers, or other water bodies. These overflows, called combined
sewer overflows (CSOs), contain not only storm water but also untreated
human and industrial waste, toxic materials, and debris.

Rainfall intensity-duration-frequency (IDF) curves - the rainfall
intensity-duration-frequency (IDF) curves are graphical representa-
tions of the probability that a given average rainfall intensity will occur
within a given period of time.

Urban drainage system (UDS) - is generally defined as a runoff collec-
tion and transportation system and consists of grey (pipes, junctions,
tanks and other technical elements) and green (nature-based solutions)
infrastructures.

Extreme Weather Layer (EWL) - a non-structural (passive) measure in
a form of decision support system in City GIS developed in NOAH with
the objective to help reduce spillages of untreated wastewater during
flood events.
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BACKGROUND OF THE PROBLEM

rban flooding that follows intense short-

term precipitation, when the volume of

rainwater exceeds the capacity of urban

sewerage systems, may lead to substan-
tial damage in urban areas. The predominant
direct cost of pluvial flooding is the physical
damage to buildings and other infrastructure.
However, the true impact is much larger, as
such floods pose health and safety risks to the
affected communitiesand hinder the provision
of services, cause loss of business and inter-
rupt operation of urban networks. Last but not
least, urban runoff carries along pollutants
that, when ending up in the receiving natural
water bodies, degrade the natural water eco-

systems. The pollutants that contaminate the
end discharge from urban drainage systems
are first accumulated and washed off to the
system from the city streets and surfaces. In
cases the cities have combined sewer systems
for storm water, the contamination becomes
even more significant, as in the case of heavy
rains the combined drainage systems also dis-
charge the untreated wastewater along with
the storm water. All these pollutants from
rainwater and storm overflows may end up in
the Baltic Sea.

Fluvial flood risk induced by the high water
level of natural water bodies is well assessed
in Europe, as this is mandatory according to

Figure 1.
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Short cloudburst can seem fun for a second on a warm summer day, but it causes a loss of assets
as well as damage to the natural environment.



the European Commission Directive 2007/60/
EC on the assessment and management of
flood risks[1] . The European Flood Awareness
System under Copernicus Emergency Man-
agementService,aswellas national databases,
provides access to static flood risk and flood
hazard maps, and contributes information to
emergency alert systems [2]. Fluvial floods,
though affecting a large share of European
cities, are not as universal as the risk of floods
induced by heavy precipitation, which could

Higher vulnerability (> quantile 0.75)
Medium to higher vulnerability (Median to quantile 0.75)
Medium to lower vulnerability (quantile 0.25 to Median)
Lower vulnerability (< quantile 0.25)

Figure 2.

affectany urban area. As shownin Figure 2, the
pluvial flood risk affects cities across Europe.

Due to many catastrophic events that
have occurred in recent decades, cities have
become more aware of flood risks and under-
stood that the costs of inaction cannot be
understated. This means that investments in
flood resilient urban drainage systems should
be wisely planned; therefore, appropriate tools
and training, also of decision makers, cannot
be overestimated.

Indices of vulnerability to pluvial floods carried out in 571 European cities demonstrate that the

majority of assessed cities suffer medium to higher vulnerability to pluvial floods. Among these

are many cities in the Baltic Sea region [3].
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Impact of untreated waste water spillages on the Baltic Sea

Eutrophication of the Baltic Sea was first rec-
ognised as a large-scale problem in the early
1980s. During the last 4 decades the nutrient
inputs have decreased in most sub-basins of
the Baltic Sea. However, as seenin Figure 3, the
current nutrient inputs still do not correspond
to the expected ecological status of the Baltic

Sea agreed upon in the Baltic Sea Action Plan
[4],[5]. A major portion of the anthropogenic
part originates from diffuse sources. In terms
of point sources, municipal waste water treat-
ment plants prevail, as this contributes 12%
and 24% of theriverine nitrogen and phospho-
rus loads, respectively [6].

Waterborne and total nutrient inputs
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In the Baltic Sea region, the untreated
wastewater can end up in the natural water
bodies due to activation of combined sewer
overflow.

Combined sewer systems are designed to
transport domestic sewage, industrial waste-
water and also urban runoffinthe same pipes.
Under normal circumstances, combined
sewer systems transport all of their wastewa-
ter to a waste water treatment plant (WWTP),
where it is treated to reach certain agreed
quality norms prior to being discharged
into natural water bodies. During periods of
extreme downpours, however, the wastewa-
ter volume in a combined sewer system can
exceed the capacity of the sewer system or

treatment plant. For this reason, combined
sewer systems are designed to overflow occa-
sionally and discharge excess wastewater
untreated. These overflows, called combined
sewer overflows (CSOs), contain not only
storm water but also untreated human and
industrial waste, toxic materials, and debris,
all polluting the marine environment.

Not only does higher runoff increase the
flood risk but it also leads to a decrease of effi-
ciency in wastewater treatment plants. Thus,
even in cases where the increased runoff does
notend up in the natural water bodies through
CSOs, the reduced performance of the sewage
treatment plants still results, with an increase
in polluted discharges.

Factors increasing flooding risk in cities

According to the World Urbanization Pros-
pects, it is estimated that 66% of the world’s
population will be living in urban areas by
2050 [8]. The growth of urban population
makes cities larger and also increases the den-
sity of the existing urban areas. As urban areas
are growing and becoming denser and more
impervious, the floods occurring in the cities
have more devastating effects. The following
factors can be considered to have the biggest
effect on the urban flooding risk induced by
extreme weather events.

Surface sealingin cities

Impervious surfaces in cities lower the water
infiltration potential of the soil as well as
reduce the green areas, where vegetation
would otherwise contribute to transpiration.
The altered water cycle increases the runoff
of water in urban environments and thus con-
tributes to a higher flood risk in cities.
According to the European Environmental
Agency's report “Urban adaptation in Europe:

how cities and towns respond to climate
change”, the impermeable surfaces (such as
concrete or asphalt) currently cover less than
5% of the total area of EEA member and col-
laborating countries (both urban and rural).
However, due to the growth and densification
of cities, the area is increasing. 16 600 km?
became sealed between 2000 and 2018[9].
According to the unpublished EEA analysis
of the Copernicus Imperviousness High Res-
olution Layer, the average proportion of sur-
face sealing in the administrative areas of the
Urban Audit cities in 2015 was around 19.5%
(up from19.1% in 2006), and in the urban mor-
phological zone (UMZ) it was 35.6% (up from
34.9% in 2006) [10].

The combination of high soil sealing and
increased precipitation increases the risk
of pluvial flooding in most cities, especially
in Northern Europe. Therefore, land cover
changes within cities can play a central role in
exposure of the cities to flooding and in their
adaptation to a changed climate.
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Mean soil sealing per UMZ in %

Average soil sealing in m?/capita
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Figure 5. Mean soil sealing in European capitals and soil sealing per inhabitant (* no data)[11].

Ageing urban drainage systems and
insufficient capacity

The risk of pluvial flooding is also influenced
by the capacity and state of the storm water
drainage systems in cities. Underground drain-
age pipe systems deteriorate over time, result-
ing in cracks and other defects, while poor
maintenance of both pipes and ditches can
cause blockages. In addition, hydraulic capa-
bilities of an UDS can be severely hindered by
poor design (e.g. bottlenecks caused by insuffi-
cient pipe diameters) and building (e.g. reverse
slopes) practices.

Though all this can also contribute to the
flood risk, a more significant performance fail-
ure is caused by the fact that old systems do
not respond to the growing volumes induced
by expanding cities and new climate extremes.
The average age of the sewers for 36 cities
included in the Urban water atlas for Europe
is 40 years [12]. The systems have been built to
perform in much different climatic conditions,
which raises the question whether the rela-
tively old sewer and drainage network infra-
structure in European cities is capable of deal-
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ing with the much higher projected volumes of
rainwater during the extreme weather events.

Spatial layout, urban arrangement
and placing of critical infrastructure

Spatial layout in cities, meaning the way artifi-
cialspaceand naturalconditionsarein balance
in the city, can either support the resilience of
urban living or make it more vulnerable to cli-
mate extremes.

Very often cities have started to grow in
locations with good access to natural water
bodies, which means that urban growth takes
place in areas that have historically performed
as natural floodplains. When built up, these
naturally flood-prone areas cause several
land-use challenges. An occasional flooding is
actually acceptable in many urban areas, but
there is also a variety of urban critical infra-
structure, where the tolerance is much lower.
When assessing flood risks, health and safety
issues need to be considered, as well as the
flood resilience of the infrastructure built and
the vulnerability of the environment of the
natural water bodies.



Figure 6.

Uncontrolled drainage systems

All the abovementioned factors contributing
to the pluvial flood risk in urban areas can
result in limited possibilities to cope with the
storm water excess. In some cases, mostly
in densely built up areas, the modifications
aimed at increasing the UDS capacity are not
possible or economically justified. Therefore,
controlling of the storm water which has
already entered the drainage system should
be considered as a flood prevention measure,
and the lack of control as a factor contributing
to the pluvial flood risk.

A real-time control (RTC) for drainage
systems dates back to 1960s when the first
process control computer became available;
however, the first applications of RTC were
rare, individual cases aimed at the reduction
of transmission and treatment costs rather
than the impact on receiving waters [13]. RTC
systems developed rapidly in the 1980s and
early 1990s when computers and sensors
became more accessible and affordable;
nonetheless, the full potential of such solu-
tions is far from being fully exploited now,
after the next three decades [14]. The limited
application of RTC may result from various
barriers, such as institutional and legal [15],
and what is more, also from the insufficient
dissemination and awareness of readiness
and effectiveness of RTC technologies,
despite the (1) large number of successful

Deteriorating UDS infrastructure reduces the capacity and ability of urban areas to cope with
the extremes.

case studies, (2) new computation methods
available to be applied in RTC (e.g. multi-ob-
jective optimisation or machine learning),
and (3) high-performance computers and
cloud-based computing services enabling the
application of new methods.

To minimise the latter limiting factor, the
NOAH project included a demonstration of
real life and virtual application of the RTC and
evaluation of the results of these applications
in terms of reduced flooding, loads of pollut-
ants and other benefits, including financial
ones. The NOAH case studies and achievable
results are described later in this document.

Climate change

By now it is well understood that all Euro-
pean cities are at risk from climate change
[10]. The EU adaptation strategy has declared
the urgent need for a faster, smarter and sys-
tematic approach to prevent and adapt to the
effects of climate change [16]. However, the
impacts of climate change can vary tremen-
dously depending on the geographical region
andalsoonthearea's exposure and vulnerabil-
ity. In the Baltic Sea region, it is expected that
the extreme weather events induced by global
warming will increase precipitation both in
frequency and intensity. The risk of pluvial
flooding is expected to increase in most parts
of Europe with high confidence.

Urban drainage systems that are designed
on the basis of historical climate regimes are

HANDBOOK OF THE NOAH CONCEPT 11



Figure7.

expected to either become less efficient or fail
to perform completely. As explained above,
their impacts are exacerbated by increasing
surface sealingin cities, ageing sewerage infra-
structure and under-dimensioned pipelines.
A variety of impacts of climate change
are already perceptible across different sec-
tors and regions, but it is predicted that the
effects of it are to be much more worrying in
the future. However, many factors affecting
climate change are indeterminate and will
be shaped by people’s actions. That is why
climate scenarios allow us to explore possible
future developments, the assumptions they
depend upon, and the courses of action that
could bring them about. The 6™ IPCC report on
Climate Change declares it to be unequivocal
that human influences have and will have an
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Boreal region
Increase in heavy precipitation events

Continental region

Increase in heat extremes

Decrease in summer precipitation
Increasing risk of river floods
Increasing risk of forest fires

Decrease in economic value of forests
Increase in energy demand for cooling

Decrease in snow, lake and river ice cover
Increase in precipitation and river flows
Increasing potential for forest growth and
increasing risk of forest pests

Increasing damage risk from winter storms
Increase in crop yields

Decrease in energy demand for heating
Increase in hydropower potential

Increase in summer tourism

Projected climate change in the Baltic Sea region [10].

effect on warming the atmosphere, seas and
land that brings along widespread and rapid
changes [17].

To prevent the negative impacts of climate
change, it is necessary to consider the climate
change scenarios for analysing the perfor-
mance of urban drainage systems. Integrated
assessment models are an important tool to
analyse a response to climate change. Since
they capture the link between socioeconomic
developments, energy and land use, and emis-
sions, they can be used to investigate emission
reduction strategies to stay below a certain
warming limit (mitigation pathways). Likewise,
biophysical and economic impact models can
be used to study adaptation measures to limit
the impact of climate change on socioeco-
nomic activities (adaptation pathways).



COPING Coping measures respond to the damages and try to find solutions to
eliminate the consequences of the weather extremes. In terms of pluvial
floods, the social acceptance with occasional floods can be relatively high,

which results with low initiative in investing funds for flood prevention or

control. This though, can be short- sighted as alternative cost for damage
control as well as investments needed to floodproof other infrastructure

(moisture proofing / elevating buildings, backing up energy systems) can
significantly exceed the cost that would be needed to manage flood risk..

Benefit

‘n nnnnnnn -

INCREMENTAL

Incremental adaptation builds on existing adaptation measures and
known solutions by improving these, bit by bit, and increasing their
capacity to avoid any damage under future levels of risk. Approach aims to
maintain or regain the city’s current level of service and is based on

proven knowledge gained over decades, for example in disaster risk
management. Incremental adaptation often focuses on individual
measures as appropriate and as opportunities appear.

K
H
H
.

TRANSFORMATIVE

Transformative adaptation follows a broader and systemic approach. It
addresses the root causes and considers the various multifaceted chal-
lenges of adaptation. Vulnerability to climate change is often a result of
human actions, such as settling in risk- prone areas, inadequate building
design or other behaviors that aggravate the impact of climate change.

This would, however, require a large- scale approach by cooperating with
other cities, regions or even countries.

Time

Benefit

Figure 8. Examples of different adaptation approaches and complementary benefits at different water
levels due to flooding [18].

Options to mitigate flood risks in urban areas

Pathways for adapting to the pluvial In terms of pluvial flood management,

flood risk induced by climate change most cities are still trying to cope with extreme
weather events through practicing incremen-

Urban flooding is one of the most-cited (5] adaptation solutions (see Figure 8). These
extremes through which regions experience  3pproaches aim to maintain cities at the cur-
impacts of a changed climate. However, cities  rant |evel of service and provide short-term
are far from being ready either for the current  sq|ytions that are likely to fail in the case of
weather extremes or the coming climate. Itis  fiture extreme events caused by climate
confirmed by numerous projects (like NOAH), change. For example, cities have traditionally
reports and publications, as well as by contin-  responded to the increasing demands on urban
uously required and funded initiatives aimed drainage systems (UDS) by expanding their
not only at the preparation of urban areas for grey infrastructure, i.e. pipelines. However,
climate change, but also at the assessment  apyilding the existing UDS to handle extreme
of pluvial flood risk and preparation of data  gyents is financially unrealistic and, in many
required for such assessments. cases, implausible due to spatial restrictions.
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HELCOM has adopted a set of recommen-
dations thatintegrate and promote the current
best practice approaches of storm water man-
agement in urban landscape. [19] The recom-
mendations cover aspects like 1) storm water
planning; 2) reduction of discharges of urban
areas by proper management of storm waters;
and 3) management of high-risk storm waters.
Based on these, the HELCOM committed par-
ties have agreed to proceed with Integrated
Storm Water Management (ISWM). The NOAH
project aims to introduce the HELCOM sug-
gestions into real action by implementing both
passive and active mitigation measures. More-
over, implementing the NOAH Concept brings
urban areas from the typical “coping” adaption
level to the highest “transformative” approach.

Knowledge gaps regarding
implementation of the integrated
storm water management approach
that led to NOAH

According to a survey conducted in NOAH
among municipalities and water utilities, it is
broadly understood that organisations need
competence, data and financial resources to
understand the impact of precipitation on city
infrastructure. Moreover, they need easy tools
that will help them prevent (reduce) overflows
from combined sewage systems, and identify
hot spots in the city and methods for their
elimination. Developing these tools has been
one of the main goals of NOAH.



|l THE NORH CONCEPT

Introduction

A decision support system (DSS) was devel-
oped in the NOAH project to provide an inte-
grated overview of the performance of the
existing UDS in case of various future urban
development or climate scenarios. The DSS
consists of two main packages - the NOAH
Tool for analysing the potential of real-time
control of UDS and the Extreme Weather
Layer (EWL) that enables creation of dynamic
interlinkages between land developments,
the existing storm water system and the flood
hazard in urban areas.

Extreme Weather Layer (EWL)

The Extreme Weather Layer is a passive mea-
sure developed in NOAH with the objective
to reduce spillages of untreated wastewater
during flood events.

The EWL is built on the digital twin of the
existing storm water system, enabling plan-
ning specialists to consider and analyse the
impact ofvariousland useand soiltypesinthe
urban environment to simulate the response
of the storm water system and catchments to
different rainfall events. The DSS allows cities
and water utilities to integrate the tool into

NOAH Séderhamn
, Pilot area
Outfalls

Manholes

Pipeline
risk_RCP45
[ nigh
i medium
i low
- no._risk

Gréanslinje

Comment: RCP4.5 climate scenario, rainfall return period 2 years
TalTech: 20.02.2021

Figure 9.
rainfall period 2 years).

Example of the EWL flood risk map developed for NOAH pilot in Soderhamn, Sweden (RCP 4.5

HANDBOOK OF THE NOAH CONCEPT 15



routine decision making, makingit possible to
improve flood resilience by applying it when
planning both active (structural change) and
passive (non-structural change) measures.

The EWL helps experts to prepare for
future challenges in the field of water man-
agement and to develop climate resilience in
urban areas. With the assistance of the new
planning layer, the most suitable solutions
for flood mitigation can be implemented in
the areas with the highest flood risk. Further,
the effects of the solutions can be analysed -
how the new developments change the
flooding risks on plot, district or city level in
the selected area. An example of the EWL
developed for Soderhamn is visualised in
Figure 9.

The EWL can be implemented in a static
or dynamic manner. In the first case, the
municipality can analyse a number of differ-
ent future scenarios to provide static maps
about the changes in flood prone areas and
flood risk classes in the urban environment. In
the second case, the EWL can be used by the
urban planner as an everyday tool to assess
the flood risks and storm water system per-
formance, taking into account changes in the
urban environmentand/or climate. The NOAH
project mainly focused on developing the EWL
methodology, providing the static flood risk
maps for each pilot area, and proposing ideas
how to further develop flood resilience PSS to
be used in the holistic urban planning toolset
(see Figure 10).

NOAH Extreme Weather Layer

LEVELS OF APPLICATION

'

, '

|
Static flooding maps that support
the urban planners in decision
making

Dynamic flooding maps that
enable automatic assessment of
the impact of future climate and

development scenarios on the
urban environment

] 11l
Holistic urban planning tool that
enables to analyze in addition to
future scenarios the impact of
flood mitigation measures to the
flooding risks

! !

UPGRADES

Figure 10.

The EWL can be developed following the
7-step procedure described in Figure 11. The
cities and water utilities managing the UDS
have significant roles in data governance as
well as in integrating the developed planning
support tool into daily practice. It is advised
that the EWL tool be developed by a team of
experts with knowledge of UDS modelling,
climate scenario application and GIS systems.
In the case of NOAH, it was carried out by the
participating academies; however, the pro-
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Levels of application of NOAH Extreme Weather Layer.

posed methodology is replicable also by con-
sultancies with the aforementioned expertise.
Key steps that the cities need to pay attention
to when developing the flood resilience plan-
ning support system are elaborated in the sub-
chapters below.
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MUNICIPALITY

STEP 1: Mapping the existing UDS infrastructure
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krisk categories, visualization of the results
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STEP 7: Integrating into daily routines
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Figure 11.
anurban area.

NOAH Tool

The NOAH Toolisa partofthe active measures
developed in NOAH with the aim of taking
control over the existing UDS in order to miti-
gate the negative impact of flood events.

The NOAH Tool helps the user to explore
the potential in implementing Real Time
Control (RTC) solutionsin urban drainage sys-
tems, based on an existing digital twin of the
system. In case of NOAH, the models were
builtin EPA Storm Water Management Model
(SWMM) [20], whichisaWindows-based desk-
top program. It is open source public software
and is free for use worldwide. Commercial
alternatives are available on the market.

The NOAH Tool can further be used to cal-
ibrate a SWMM model based on in-situ mea-
surements. The basic functionality of the tool
can be used via its Graphical User Interface
(GUI), while more options are available in the
code repository of the tool.

During the project, the first version of the
NOAH Tool was developed. The functionality

WATER UTILITY

UDS MODELLING EXPERT g

Climate EXPERT

GIS EXPERT

[ S3lWapesy HYON ]

Key steps and responsibilities to follow when developing the Extreme Weather Layer for

can be developed through the collaborative,
open source nature of the code that can be
accessed and improved by anyone using the
repository linked in the callout.

More information on the
NOAH Tool can be found in
REPORT 03.3 and public
repository at
https://github.com/mbjjo/NOAH.

17

HANDBOOK OF THE NOAH CONCEPT


https://github.com/mbjjo/NOAH

Choose model file |M0del Mame

RTC setup Model Calibration rain series

Ralkovere_w3_cal_RTCready

Control rules setup

Select the type of the actuator:

@ MNOAH RTC Teol —

Wnterreg -

Control objective

" Reduce volume

= Orifice & Weir = Pump % Reduce frequency
Rule applied during rainfall from ID's
IF depth in (Sensor) [22069 = 1
THEN Actuator weir_2 Setting |0
) OR provide list:
ELSE Actuator Setting |1

Optimization parameters

[ Use optimization

Optimization methed | Two-step-optimization

Parameter to be optimized |Activation-depth v

Minimum value of parameter range |0
Maximum value of parameter range |3

Max initial simulations |6
Max simplex simulations |10

Event settings
Time seperation between events |12
Maximum duration of an event |24

Define event as|FIodding above ground from node V|

[ Overwrite existing configuation file

Run RTC |

Exit

|26539, 5619, 27082, 19260, 5832, 42

Figure 12. Graphical user interface of the NOAH Tool.

Mapping existing UDS infrastructure

Data collection procedure

The NOAH decision support system (DSS) is
based on a digital twin of the UDS. Therefore,
availability and the quality of the data needed
to set up the digital twin is critical. In case of
NOAH pilot towns, this work started from
scratch. Most pilot cities had basic GIS about
their urban drainage systems, but information
was scattered and had significant data defi-
ciencies. The layout of the setting up of the
digital twin and DSS are presented in Figure 13.

18 HANDBOOK OF THE NOAH CONCEPT

More information on the data
acquiring process and its
challenges in NOAH pilots
can be found in REPORT 0O2.1.



Blueprints

UDS MODELLING
Surveys SOFTWARE

Measurements
p N Hydraulic equivalent of UDS
National, regional surveys, (pipes, junctions, channels,
climate action plans ) etc.)

CITY GIS

Urban Drainage System (UDS)
database

Digital Elevation Model (DEM)

Landcover

Cadastral Map

Figure 13. Data needed for creating the UDS and the proposed idea of how to integrate the flood resilience
planning support tool as an integrated feature in the city GIS.

In case of UDS digital twins or mathematical
models it is always necessary to estimate the
optimum between the level of detail of the
model and the resources needed for the cal-
culations. A detailed model requires the exis-
tence of detailed data. Therefore, during the
model build-up we need to consider:

e flow on the surface (pathway from the
catchment to the manhole);

e flow under the surface (pipe capacity,
hydraulic resistance, etc.); and

e ifrelevantto the local conditions, data on
pumps, tanks and other system elements.
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Defining the area for the decision support tool

The NOAH planning support tool can be set
up for areas different in size and character.
The average area of the pilot sites for which
the tool was set up in the project is ~1 km?(See
Table1). In case of the NOAH project, the pilot
sites followed the borders of local catchment
basins, though the tool can also be set up for
areas covering several catchments.

The DSS is best applied to areas that have
existing urban drainage systems builtand have
high potential for alteration of urban space
(i.e. inclusion of built-up territories and imper-
meable surfaces). In addition, the tool can be
applied to areas where the drainage system is
yet to be planned (to assess its efficiency and
adjust spatial planning in the city), or to areas
where the possible alteration of urban spaceis
limited but thereis potential toimplement the

Table 1.

Pilot site
area
(km?)

Name of the Town size
(population)

pilot site

control of the storm water system (i.e. there
are some detention possibilities in the system
which could be supplied with the actuators to
regulate the flow). All NOAH pilot sites were
also situated next to natural water bodies con-
nected to the Baltic Sea (see the different pilot
sites briefly described in Table 1); however,
this should not be considered a precondition
for the DSS. The DSS is not targeted mainly
towards preventing fluvial flooding induced
by the rise of the water level in the natural
water bodies. However, as the model is capa-
ble of analysing also the water rise risk in the
outflows, using the DSS provides possibilities
of making knowledge-based decisions regard-
ing the cross-effects of the pluvial and fluvial
flooding risks.

Characteristics of NOAH pilot sites for which the DSS was set up.

UDS type

Haapsalu, 0.66

EST

9500

A separate sewage system, includes new pipelines, but
also deteriorated sections with old pipelines. A signifi-
cant part of the system consists of ditches. Outflow to
a wetland through a culvert to the artificial lagoon of a
shallow bay in the Baltic Sea. The storm water drainage

system threatened by the seawater inflows in periods of
high water level.

A separate sewage system including pipes of different age
and condition. Storm water is collected into an under-
ground collector that directs excess water from the area
to the nearby river. The collector has a constant flow as a
natural stream is directed into the collector at the centre
of the city.

Rakvere,
EST

15000 1.8

Pori, 84 000 1.6 A separate sewage system including pipes of different
FIN age and conditions. The pilot area consisted of more than
10 subcatchments with outlets to surrounding ditches
directing water into the Baltic Sea. The sub-areas have
different land use topology. The water level in the out-
flows varies spatially and temporally.

Séderhamn,
SWE

12 000 0.98 A separate sewage system including pipes of different age
and conditions. The outlet of the subcatchments is a river
/ bay where the water level changes can submerge the

outlet pipes. The storm water collected from some of the

rooftops is directed into the sewage pipeline.
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Liepdja, 68 000

LAT

014

An urban drainage system with an underwater outfall
into lake Liepaja. Future expansion of the catchment is
planned, but the current capacity of the system is insuffi-
cient.

Jarmala,
LAT

50 000 0.19

The UDS consists of pipes and ditches which discharge
into the river Lielupe. Several known untreated or par-
tially treated sanitary sewer connections. Several pipeline
segments with reverse slopes, resulting in obstructed
rainfall runoff flow.

Ogre,
LAT

23 000 0.25

The pilot area is located next to the river Ogre. Rainwater
drainage is organised via a system of underground pipes,
as well as a network of ditches.

Stupsk,
POL

91000 22.03

The study area (pilot site) does not include the entire
sewer system operated by the Stupsk Water Supply but
the most densely built-up area where both, the separate
and combined sewer systems exist. Just before the main
pumping station (which serves as an outfall in the pilot
area), there is an overflow, which separates an excess

of the wastewater and directs it to the Stupia river. The
pilot area is the main source of inflow to the Wastewater
Treatment Plant (WWTP) of which 30% is storm water.

Typical data deficiencies in building UDS digital twins based

on NOAH experience

Throughout the data collection and model
build-up process, data validation is needed
to understand data deficiencies. Additional
geodetic and other surveys may be needed in
order to fill in the critical data gaps essential
for the development and implementation

Insufficient knowledge on UDS

In case of NOAH pilots, the biggest data gaps
were, firstly, in the data available about the
storm water system and secondly, in the
quality of the data. The layout of the sewage
networks, including the whole pipeline as well
as ditches, manholes and storm water gullies,
was in most cases not fully mapped for the
cities. Most cities participating in NOAH had
an existing GIS on UDS. However, the GIS did
not cover all elements in the sewage system
(smaller pipes, ditches) and missed necessary
attribute information (physical properties,

of the EWL. In some cases, the existing GIS
system needs to be improved to enable auto-
matic data transfer between the DSS and the
GIS. The main obstacles and guidelines for
overcoming such deficiencies are described in
the following paragraphs.

condition, etc.). Sometimes, even if there is
a spatially accurate database representing
the UDS geometry, it may still be insufficient
because of the deficiencies in the integrity, e.g.
pipelines are not snapped exactly to the centre
of the manholes or there is missing height
information about the inverts of the man-
holes. Usually GIS data serves as a modern
way of asset inventory, as it helps to update
the information instantly in the field, and it
enables more efficient management including
regular or emergent maintenance works. For
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the purposes of modelling, however, it is not
enough to know where the pipelines and man-
holes are located - we need to know if and how

they are connected to each other or just pass
by orintersect on the map.

Documentation on UDS network does not respond to the

situation in the field

Additionally, many storm water manholes
and/or pipes have been rebuilt and new con-
nections were added in the past with insuf-
ficient documentation. This can be due to
emergency repairs of the sewage, soil filling
and other reconstruction affecting UDS (road
repairs, etc.). As a result, the existing informa-
tion in the GIS or even in the as-built design

drawings does not correspond to reality. In
some cases, only design drawings were avail-
able, but as-built reports were missing. All
such cases should be carefully inspected and
site visits have to be carried out to confirm
the validity of the data. The GIS system should
include a special field in the database to make
notes about this type of cases.

No information available about the rainfall data and water flow

rate from the storm water outlets

In addition to the availability of the data on
the physical properties of the UDS, data about
the precipitation and concurrent flow rates
and water depths are needed to calibrate and
validate the digital twins of the storm water
system. In the NOAH project there were cases
where no rain gauge was present at or near the
pilot site or the measurement timestep was
too large for utilising the data in the modelling.
Without the local information about precipita-
tion, hydraulic model results can be subject
to a high degree of uncertainty. It is because
the model needs to be calibrated on the basis
of observed flows or/and storm water stages

but the input comes from a distant rain gauge.
Consequently, the model parameters can be
wrongly adjusted in the calibration process to
obtain satisfying matching of simulated and
observed flows. Therefore, it was decided to
install new rain gauges at an early stage of the
project implementation and collect accurate
data representing the analysed area. An alter-
native option was also taken into account and
tested, and it was to apply high resolution pre-
cipitation estimates, which can be based on a
combination of rain gauge network, a weather
radar network, and the meteorological satel-
lite[21].

Missing or inadequate data on water quality

At all pilot sites the characteristics of the spill-
ages were determined using either grab sam-
ples or flow or time proportional sampling.
The flow proportional sample could be mixed
into one sample and it can be considered as
describingone event; the concentrations ofthe
analytes will be presented as an Event Mean
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Concentration (EMC). The recommended
water quality parameters to be analysed at
each pilot site were pH, temperature, elec-
trical conductivity, BOD7, suspended solids,
dissolved oxygen, dissolved organic carbon
(DOQ), total organic carbon (TOC), ammonia
nitrogen, sum of nitrate and nitrite nitrogen,



total nitrogen, phosphate phosphorus, total
phosphorus, some heavy metals, metals and
half metals, coliformic bacteria and oil Index.

The water quality assessment can be con-
ducted according to five different methods, by
comparingtheanalyticalresults to limitvalues
derived from different legislations and types of
water representing treated wastewater, sur-
face water, storm water data from the storm
water database in StormTac, guideline values
for storm water in Gothenburg, Sweden and
water quality parameters for storm water in
Estonia. The selection of assessment methods
depends on the interest of the municipalities,
the type of spillages and the type of recipient
(freshwater or coastal and transitional zones).
In case different national limits have been set
by the Baltic Sea Region countries, the lowest
limit was selected for the assessment. Also, a
guideline for following water quality sampling
is presented, based on ISO standards [22],
and lessons learned at the pilot sites. Special
attention should be paid to the acquisition,
installation and operation of the autosam-
pler. In addition, the planning of sampling, the
effect of weather conditions on sampling, and
the timetable of laboratories to receive sam-
ples must be taken into account.

The assessment made according to the
StormTac database showed that water quality
characteristics vary extensively from site to
site, and also according to the sampling date
and the weather conditions at a sampling site.
The most contaminated water came from
the untreated wastewater (CSO) from Stupsk,
which was a very different effluent than the
water sampled at the other sites. The mea-
sured parameters for samples were found to
be above, within, and below the interval for
storm water in the StormTac database. This
was the case even if Stupsk samples were
excluded from the assessment. Pollutant con-
centrations above interval were sometimes
found for parameters TN, TP and/or indica-
tor bacteria. It may indicate that the sample
is contaminated with wastewater, but other

More information about
the water quality can be found in
REPORT A3.2.

explanations cannot be ruled out, such as dry
weather samples taken from standing water in
a manhole containing residues. Municipalities
should regularly monitor the quality of storm
water in different catchment areas during dif-
ferent seasons of the year. The quality of storm
water should be compared to the values set by
national and international standards or, in the
Baltic Sea Region, the city of Gothenburg [23].
If concentrations exceed limit values, action
should be taken in accordance with Helcom
Recommendation 23/5 [19].
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Recommendations as to how to improve local data governance
for setting up the NOAH DSS

TOP UDS DATA GOVERNANCE TIPS

e Data quality (data model which allows compatibility with other applications):

link (pipe/ditch) direction has to be consistent with the slope (flow);
each link should have nodes (junctions, manholes) at both ends;
link start/end points have to be snapped to consecutive links, avoid offsets;

each element should have a linkage to the database file to provide information
about the object (type, date of installation, material, dimensions, is the object
measured or is the data derived from the blueprints);

all elements should have unique IDs; data about different element types must be
kept on separate layers (or identification attribute); IDs should be numerical not
string type of values;

for all elevation data, a specification is needed about how the data has been
acquired (field measurement, archive, as-built drawings, etc.);

during GIS to model conversion, pay attention to overlapping features. Sometimes
during map creation elements are drawn on top of each other multiple times,
which is not necessarily problematic for illustration purposes but will cause
problems during the modelling.

e Data governance (updating when the system is affected by reconstruction, repair, etc.):
keep the data up to date, update the GIS accordingly, keep the dates in the
database;
consider data and data precision types - reference manuals are linked below;
ensure smooth communication between in-field personnel and data managers;
set up a system which includes a photobank of the elements in GIS.

® (Critical attributes in GIS:
for pipes: diameter, year of installation, material, inlet and outlet manholes, inlet
and outlet elevation;

for ditches: bottom elevation, measurements of cross sections, maintenance
information, inlet and outlet elevations, connections (culverts, manholes);

for elevation data: invert elevations, pipe offsets (if applicable) at connections to
manhole, ground (lid) elevations;

outlets: water level height at the outlet (level of receiving pond, ditch, sea).
e Technical matters (flow direction for gravity pipelines).

Guidelines:
See more specific information in NOAH report 02.3.
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Developing the digital twin for
an urban drainage system

The success of applying the NOAH DSS
depends directly on the quality of hydraulic
models. For setting up proper digital twins for
urban drainage networks, a variety of data are
needed (as explained in the previous chapter).
When all the required data are aggregated, it
is possible to draw a network representation
in a software capable of simulating dynamic
rainfall runoff.

More information on building the
models for NOAH pilots can be
found in REPORT 02.3.

Figure 14.
in the model.

Building the hydraulic equivalent
of the UDS

The process of building the hydraulic equiva-
lent of the UDS system is described in detail in
report 02.3. The key steps in the process are
explained below.

| Data aggregation and validation. The data
collected from utility GIS, as-built drawings
and site visits are to be analysed for modelling.
Data deficiencies are identified and solutions
are identified for filling in the data gaps.

Il Determining the model fidelity level.
Deciding which pipelines will be included in
the model and defining the expected accuracy
of the model.

[l Building the model. Setting up the
hydraulic equivalent of the UDS system (pipes,

Skeletonization of the model, example of Pori. Left: whole system, right: pipes that were included

ditches, junctions and other technical features
of the network).

IV Validation and calibration. Validating
dataand reducing uncertainties with the aid of
specialists from the local municipality/utility.
Conducting field measurements for model cal-
ibration and validation.

Catchments

Catchments form a crucial part of developing
the digital twin, as the actual runoff into the
underground system is directly dependent on
their parameters. Runoff also depends on the
slope of the ground.

In the NOAH project different approaches
were used to define the catchments. At first
it is necessary to define the size of the catch-
ments - the resolution and size of the flood
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Figure 15.

A baseline for creating the catchments was a good-quality digital elevation model (DEM) and

data about the land use (Corine or alternative). The catchments were created automatically with
a module of GIStoSWMM. A subcatchment was created for every manhole.

prone areas is directly related to the definition
ofthe catchments. In some of the NOAH pilots
the catchments were derived just on the basis
of the topography and elevation maps. In some
cases, the catchments were automatically
derived from digital elevation models (DEM)
using GIStoSWMM software [24]. In such cases
the catchments were automatically generated
for each inlet gully, considering the land use
of the catchment and flow direction in that
catchment. In the second phase the automat-
ically generated catchments were updated on
the basis of the feedback from the specialist
in the water utilities and local municipalities.
Smaller catchments enable visualisation
of the flood prone areas in more detail but
require high resolution elevation data as input.

Calibration

A typical hydraulic model of the existing UDS
contains hundreds or even thousands of pipes
and subcatchments, each of these having
more than 20 parameters that need to be
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defined by the users. Most of these cannot
be measured directly and giving estimates of
these parameters is challenging. Therefore,
calibration of these parameters becomes cru-
cial in achieving the desired accuracy of the
modelling results. The goal of the calibration
is to match simulated and observed outflow
from the study area and/or depth of storm
water / wastewater in the system.

Calibration and/or modelling reliability
analysis was performed for each pilot area.
The models were calibrated and reliability was
analysed on the basis of sampled storm events
and historical measurements, where possible.
Measuring campaigns for flow rates and water
levels coupled with rainfall intensity in strate-
gic locations in networks were conducted.

NOAH approach to climate scenario
selection and application

IPCC states with high confidence that the
increase of heavy precipitation in Northern
Europe is estimated to be influenced by human



actions [17]. Due to this, different climate sce-
narios are needed to be considered in plan-
ning for the adaptation of the urban drainage
networks. In terms of planning climate change
adaptation, various adaptation frameworks
have been proposed that follow the described
climate scenarios. Various approaches - such
as the Intergovernmental Panel on Climate
Change (IPCC) approach, risk approaches, or
human development approaches [25], [26] -
either focus clearly on climate parameters,
analyse the effects of climate on specific risks
or assess the climate issues in the context of
human adaptive capacity and development
alternatives. For UDS, itis necessary tocombine
the climate scenarios, system performance
risks and urban development alternatives.

The NOAH project focused on the adaption
of urban drainage system which, as explained
afore, is affected not only by climate change
but also a list of other factors. To meet the
objective, it was necessary to estimate the vol-
umes of urban runoff (in case of a combined
sewage system the focus is on the volumes of
spilled wastewater) both for guaranteeing the
system performance under normal circum-

stances and for planning for extreme events.
This resulted in the need to build different sce-
narios for each pilot:

® abaseline scenario developed either
according to the current design standards
with given duration and probability of
occurrence (e.g. 20-minute rainfall event
with return period of 2 years) or observed
rain event(s);

e Different Adaptation scenarios (including
scenarios for the changing climate).

To design the pathways for adapting urban
drainage to future climate conditions, NOAH
applies a combined framework and integrates
various climate scenarios along with other
factors. To select precipitation related bound-
ary conditions for different scenarios, the IDF
curves proposed in the national standards
were modified according to the selected cli-
mate scenarios. On the basis of these, various
rainfall intensity-duration-frequency curves
(IDF curves) were developed (see Figure 17),
which were later used to assess the perfor-
mance of the system.

—Scenario 1 - EVS 848 RP2 years
Scenario 3 - RCP 8.5 RP2 years
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Figure 16.

Alternative rainfall IDF curves considered for Haapsalu pilot. These are compiled according to the

national design standard (EVS 848) [27] and the national adaptation plan (RCP 4.5 and RCP 8.5) [28].
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The selection of the appropriate climate
change scenarios, which was relevant for real-
isation of the NOAH project tasks, was based
on the pathways selected by governments in
the national adaptation plans (NAPs). In most
cases these were elaborated on the basis of
the guidelines of IPCC on the Representative
Concentration Pathways (RCP). However, as
NOAH DSS allows comparison of different
scenarios, also regional scenarios as well as
historical extremities were analysed. In most
NOAH pilot cases at least three climate sce-
narios were analysed: the current status, RCP
4.5and RCP 8.5.

Results of the climate scenario
analysis

Climate change scenarios were used in the
NOAH project to quantify the risk of flooding
and to assess the potential increase in storm
water and pollutants discharges into surface
water bodies. The overall results indicated that
if the rain event of a return period equal to 2
yearsis concerned, the expected increasein the
urban flooding at the pilot sites ranges from 11
to 118% in the RCP 4.5 scenario and from 50 to
440% in the RCP 8.5 scenario. In case of adirect
outflow to receiving waters, the estimated
impact of climate changes is even more diversi-
fied, i.e. 5-199% and 16-786% in the RCP 4.5 and
RCP 8.5 scenarios, respectively. A similar order
of magnitude was also estimated for changesin
the loads of pollution. Relatively broad ranges
of expected impacts of climate change sug-
gest that the adaptive potential of cities varies
widely. These variations should be attributed
mostly to the character of cities, i.e. land use,
slopes, type and condition of sewer systems.
Concluding, it can be stated that even
though some patterns can be identified in the
impact of climate changes on the flooding risk
in cities and drainage systems of a specific
character, the impact should be considered as
site-specific, especially if dedicated mitigative
measures are to be proposed for the city. The
impact assessment should also have multiple
objectives, not focus on one emerging prob-
lem only. Consequences of such an omission
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More detailed information on how
and which climate change scenarios
were selected for NOAH pilots
can be found in report 02.2
“Climate Scenario Selection”.

Detailed outputs regarding the
impact of climate changes on the
water excess in drainage systems

and loads of pollution at pilot sites
can be found in report 04.1
“Feasibility and policy analysis".

can beillustrated on the basis of one of NOAH
pilot sites, where short-term effects of climate
change are expected to result in an increase
in urban flooding volume by “merely” 11%. If
we stop here and focus solely on the near-fu-
ture flood risk problem, another major issue
may be missed - the long-term impact on
receiving waters - and consequently, the set of
mitigative measures proposed may be short-
sighted and ineffective. To finish with this
example, it should be noted that at the pilot
site mentioned the discharge of storm water
and pollutants (including CSO) is expected
to be at least doubled in the longer-term cli-
mate change scenario. The NOAH project also
identified opposite cases, in which the impact
of climate changes on receiving waters was a
tenth of the impact on urban flooding (case
studies in Estonia and Finland).



Recommendations

THE MAIN RECOMMENDATIONS FOR MODELLING

See more specific information in NOAH report 02.3.

e Modelling

Presence of GIS and quality of the data are crucial cornerstones of modelling.

A budget should be allocated for the field measurements to fill in the data gaps.
Automatically generated catchments should always be revised by the local water
utility.

Infiltration should be considered in areas with high groundwater tables.
Calibration should be done both for the dry and wet period, if possible.

It should be determined for each manhole if the water can escape from the
system during flood events or not (i.e. flowing into a nearby ditch, etc.).

® Measurements

o Flow and precipitation measurements are costly; a special budget should be
allocated for that.

In many cases some minor construction works are needed for installation of the
measurement devices.

The client should reserve a right to extend the measurement contract with
no extra fees in case suitable conditions do not occur (i.e. rainfall with certain
intensity, etc.) in the agreed time limit.

e Analysis
Different climate scenarios should be analysed with the model.
Rainfall events with various duration and intensity curves should be used for that.

Results of the modelling scenarios should be exported to GIS to create an EWL.
All the work should be documented to make the analysis reproducible.

From model to passive measures -
anchoring the EWL in daily practices

The EWL tool was created for each urban area
individually. It is based on the hydraulic model
of the urban drainage system (UDS), unique
for each city, and the geographic information
system (GIS) data of the city, which is also
unique. Flood prone areas can be visualised on
the map eitheras plot-based orin a catchment
view. Easy-to-understand traffic light coding
displays which areas are affected by pluvial
floods and which are not under flooding risk in
case of different scenarios.
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Extreme Weather Layer (EWL)

Flood risk classes
High risk Medium risk © Low risk No risk

P ing | |
Land use alternatives roce55|‘ng‘ and use.p ans &
building permits
Climate Scenarios UDS design

Changes in urban Urban water governance
environment and UDS 8

Input data Fields of use

Figure 17. The concept of EWL implementation.

In NOAH, the concept of creating an EWL and

generating static flood risk maps was devel- Further information on how to

set up the EWL can be found
in the EWL user manual.

oped and implemented in partner munici-
palities. In addition, the tool allows further
application in a more dynamic mode. As
seen in Figure 18, various input data could be
considered by the end-user of the EWL. This
allows applying the EWL in processing vari-
ous permits; planning and designing the UDS;
implementing different mitigation and adap-
tion measures as well as control and man-
agement strategies; and managing the urban
water resources (planning reuse, measures to
improve water quality, etc.).

TOP TIPS FOR CITIES PREPARING TO DEVELOP AN EWL

More details and better quality of the data results in finer resolution in the digital twin
of the UDS.

The smaller the catchments, the finer the resolution in the flood prone areas and risk
assessments.

GIS should reflect the real system, not only visualise it. Include picturesin the
database for a better overview of the system.

Innovation is not a standalone process; it requires cooperation between academies,
municipalities, water utilities, general public and other affected stakeholders.
Learn from others how to set up procurements and technical descriptions of the
system to ensure that you get what you go after.
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Asseenin Figure19,itis possible to use the
EWL in the routine GIS system (QGIS, ArcGlS,
etc.) thatallows visualisation of data according
to the georeferences and other attributes. As
already declared above, the EWL can either

be visualised plot-based, to determine urban
flood hazard on property level, or in the catch-
ment view. In the latter case it is possible to
understand the comprehensive performance
of the system.
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Figure 18.

The EWL of the NOAH pilot site Pori being integrated in the city GIS desktop.

From model to active measures - when can active control

be useful?

Urban drainage systems are in most cases
designed to work passively, i.e. without any
possibilities that allow the operator to regu-
late the flow. Most systems operate without
any options to adapt the system even with
modifications in the urban environment, not
to mention much more abrupt changes like
extreme downpours. However, there is a vari-
ety of possibilities to apply smart actuators
in the existing system to increase its perfor-
mance. Active flooding control is seen as a
smart urban drainage system, in which one or
several actuators (a pump, gate, movable weir,
etc.) are controlled on the basis of the condi-
tions in the system in real time. Such a system
allows increasing the performance of the
existing system, thus creating a list of benefits
in improved management of urban drainage
systems.

What is RTC

RTC (real-time control) of the system means
that an actuator (@ pump, gate, movable weir,
etc.) is controlled on the basis of the condi-
tionsin the system in real time. The conditions
are typically measured on-line by various sen-
sors (flow, water level, etc.). The most common
application of RTC is a pump that is turned
on when the water level at inlet to the pump
is high and stops when the water level is low.
This can be called a local RTC since it only
reacts to local conditions without considering
the overall state of the system. If the RTC can
react on sensor signals from elsewhere in the
system, it can take more global considerations
about the system performance as a whole.
Such globally-oriented RTC solutions require
more communication infrastructure than
local control, but this can be a relatively small
investment if this means that e.g. an upgrade
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of the existing system components can be
postponed or entirely avoided. In general, how-
ever, RTC should only be applied when there is
something to gain, since it does raise system
complexity and requires the maintenance of
actuators and sensors.

Active measures like RTC allow predicting
the performance of the system in various sit-
uations, and by this makes the static system
adaptive to dynamic situations. Real-time
control allows combining the pipe-based tra-
ditional drainage systems with sustainable
urban drainage systems (SUDS), which is a key
prerequisite for a well performing integrated
storm water management system.

The potential of applying RTC
to UDS

A prerequisite for implementation of global
RTCis either thatitis possible to delay or store
water locally, which requires storage capacity
in terms of basins or large diameter pipes, or
that there is a big difference in the concentra-
tion of pollutants in the waste water and that
it is possible to prioritise to keep the most
polluted water in the system by provoking e.g.
overflows for the cleaner water.

The main three types of RTC analysed in
NOAH are listed below.

e Emptying of basin, lake or subsystem
without overloading downstream
system. Water from an upstream basin or
lake contributes to downstream flooding
or CSO because the basin is emptying
regardless of the conditions downstream.
This can be mitigated with control as
shown in the drawing below. A control-
lable device reacts to sensor data on the
water level in a critical area. Such an RTC
setup can potentially alleviate down-
stream flood problems and/or reduce CSO
volume and frequency at a very limited
cost compared to the alternatives of
enlarging the pipes throughout the city or
building additional storage volume and/
or water level in the basin/lake and/or
rainfall data (see Figure 20 A).
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More detailed information about
RTC and the application in NOAH
pilots can be found in report 02.3
“Implementing RTC in urban areas
in the Baltic Sea Region".

Prioritisation of basin emptying to
minimise CSO in a multi-basin system.
This can also aim at reducing by-pass
from the wastewater treatment plant. A
controllable device reacts primarily to
water level sensor data in basins, but also
to rainfall data if available (see Figure

20 B). This setup gives a large degree of
control and flexibility to the operators. The
scope of RTC can rather easily be changed
from e.g. distributing the CSO evenly over
all the basins to letting the majority of the
CSO happen where the wastewater is the
most polluted. The main potential benefit
will be reduced CSO and thus a reduced
impact on the recipient water bodies.
Such a setup can usually remove many of
the small overflow events, but it is worth
noting that events that vastly supersede
the total storage volume in the system will
still lead to overflow.

System failure prioritisation based on
water quality, e.g. provoking flooding
where water is cleanest or it will do the
least harm. A controllable gate reacts

to downstream water level sensor (see
Figure 20 C). Such a setup can save the
recipient water bodies from waste water
and the city from flooding with combined
sewerage. It does, however, come at the
cost of more frequent overflow or flooding
with the relatively cleaner storm water
upstream.
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Figure 19. Three main types of RTC analysed in NOAH.

In addition to the RTC options, the selection
of the sites has crucial importance in the per-
formance of the system. The NOAH RTC Tool

was designed and coded to aid the designers
in this process.

@ NOAH RTC Tool

Choose model file |Model Name

RTC setup Model Calibration rain series
Control rules setup
Select the type of the actuator:

= X

“"Interreg -

Rakvere_v3_cal RTCready

Control objective

" Reduce volume

" Orifice ' Weir  Pump * Reduce frequency
f B

Rule applied during rainfall fromD's |

IF depth in (Sensor) 22069 > N |[

THEN Actuator  weir 2 Setting |0 A

ELSE Actuator Setting ‘1 provice

26589, 5619, 27082, 19260, 5832, 42
Optimization parameters
¥ Use optimization
Optimization method | Two-step-optimization
Parameter to be optimized | Activation-depth v

Minimum value of parameter range 0

Maximum value of parameter range 3
Max initial simulations 6
Max simplex simulations 1q i
Event settings
Time seperation between events /13_
Maximum duration of an event ’E-_
Define event 55|Flodding above ground from node

v]

¥ Overwrite existing configuation file

Run RTC

Exit |

Figure 20. Configuration of the NOAH Tool used for analysing the impact of RTC on the flood nodes at the

centre of the town.
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Examples of applicability

More detailed information about the
NOAH RTC Tool can be found in

Applying RTC is a tailor-made effort, as every
urban catchment is different. Readiness of the
local water utility to aggregate new type of reg-
ulative devicesinto the existing remote-control
systems varies. Therefore, having a calibrated
model with catchments and pipelines is a cru-
cial step towards the implementation of active
measures, i.e. RTC. All the options can be anal-
ysed prior to real investments and the benefits
evaluated against other methods, like pipeline
replacements. In the NOAH project the poten-
tial of RTC was analysed with UDS models at
8 pilot sites, of which 6 remained on the theo-
retical level and two (Rakvere, Haapsalu) were
implemented in real life. The result of the RTC
analysis is presented in Table 2.

Output O 3.3 “NOAH Tool User
Manual and Documentation”.

The tool can be downloaded at
https://github.com/mbjjo/NOAH

Table 2. Overview of the suggested RTC solutions for NOAH pilots.

Pilot name Effect of solution

Suggested control solution

Rakvere Control of the discharge from an upstream lake using | Reduced downstream flood-
the Smart Weir Wall System controlled by the water | ing.
levelin the downstream system.

Haapsalu Controlling the flow through the outlet from the Keeps the water level in the
downstream lake using a Smart Weir Wall System and | downstream lake low during
two sensors. high tide and rain events,

which leads to a reduced risk
of flooding and sewer over-
flows in the city.

Jarmala Pump installed at the outlet from a part of the storm | Potentially a 71% reduction
water system where the dry weather flow is partic- in the nutrient load in the
ularly polluted. The pumping is controlled so that recipient.
the dry weather flow is transported to the sanitary
sewer system, but the much cleaner water during rain
events is allowed to flow into the recipient.

Liepaja Atidal gate and pump at the outlet to prevent sea A less negative effect of the
water from backing up into the drainage system. The | high tide in the recipient.
gate to control the inflow from a newly connected
area was not recommended.

Stupsk No control recommended since the system as -
implemented in the SWMM model would not benefit
from this.

Ogre A non-return valve / tidal gate and a pump could be Storm water would still be
implemented. The implementation and result of this | able to get out of the system
would be similar to the Liepaja case. when the water level in the

river is high.

Pori No need or potential for RTC. -

Séderhamn No potential for RTC unless additional storage is -
added to the system.
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https://github.com/mbjjo/NOAH

It should be noted that both in Rakvere and
Haapsalu the actual systems have shown the
expected efficiency and are fully embedded
in other control systems used locally by the
managing authorities.

TOP TIPS FOR CITIES PREPARING TO DEVELOP RTC

e Planning RTC

A calibrated model is a crucial prerequisite for RTC.

Different locations should be analysed with various climate scenarios to select
the most feasible solution.

The NOAH RTC Tool can be used to analyse the effect of the planned RTC.
All stakeholders should be engaged when planning the locations for RTC.

e Designingand construction

The existing SCADA systems should be investigated to find possibilities of
connecting RTC with the existing control system.

Supplying RTC elements - gates and sensors with electricity should be carefully
considered and off-grid solutions implemented where possible.

Raising the water levels in ponds and ditches for detention might need special
permits from the Environmental Agency and neighbours.

The what-if scenario should be taken into account for the cases of system
failure.

® TuningRTC

A hydraulic model can be utilised to pre-tune RTC commands.




Il MAINSTREAMING THE NORH CONCEPT

Costs and benefits of considering following the NOAH Concept

NOAH project pilot sites differ in many
aspects - not only in environmental and loca-
tion conditions, butalsothesize oftheresearch
area and the level of investment complexity.
Moreover, the pilot cities undertook the NOAH
Concept to different depths and scales. In
some partner towns, only passive measures
were implemented (targeted at modelling and
monitoring), whereas in others both passive
and active measures were introduced (such as
modernisation of the existing infrastructure or
implementation of the smart urban drainage
system).

No elaborate cost-benefit analyses had
been planned in the frame of the project,
which would have considered the ecosystem
services and broader socioeconomic effects of
improving the flood resilience of the commu-
nities in the targeted areas. However, the val-
idation survey that was carried out to assess
the overall efficiency of the actions aggregated
the overall costs incurred in the project pilots
(details in Report 04.1). In terms of benefits,
NOAH estimated the potential savings result-
ing from improved flood resilience on account
of implementation of both passive and active
measures. At two pilot sites it was estimated
that the damage to infrastructure can be
decreased by approximately EUR 150 000-
450 000 per flooding event in the current cli-
mate scenario, and by EUR 360 000-560 000
and EUR 380 000-710 000 in the RCP4.5
and RCP8.5 climate scenarios, respectively. It
should be highlighted that the pilot sites for
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which these estimations were done are of an
area in a range of 1-2 km? - in a full-city scale
implementation such savings could be much
greater.

Another aspect of financial benefits
addressed by NOAH was the cost of fees for
water services for the discharge of pollutants
into surface waters. For example, the cost of
overflow occurring once in two years (includ-
ing adverse effects of climate changes) was
estimated at EUR 160 per rainfall event at the
Stupsk pilot site, and it rises to EUR 670 when
less frequent (5% probability) rainfallis consid-
ered. These costs, even though they may seem
low on a city scale, would be much greater if
more frequent overflows and pollutants other
than those included in the NOAH monitoring
were added to the calculation.

Compared to direct financial benefits,
others seem to be of even greater importance.
There is added value in the NOAH tools, useful
for gathering important information that can
be used for more sustainable flood risk man-
agement. Therefore, even at the pilot sites
where only monitoring was carried out, ben-
efits were also confirmed by end-users. It is
connected with gaining knowledge of how to
make it easier for the Baltic cities to adapt to
climate change. Moreover, it was confirmed
that at almost each pilot site, the introduction
of a model will allow measurable savings in
reducing flood damages.



Need for changing policies and regulations

Helcom recommendations 23/5-Revi on
Reduction of Discharges from Urban Areas by
the Proper Management of Storm Water Sys-
tems [19] foresee an elaborate list of actions
necessary to improve the flood resilience of
cities as well as limit the pollution caused by
unsuitable sewerage systems. This includes
adaptive planning of integrated storm water
solutions (with consideration of urban devel-
opment and the changing climate) and proper
management (including implementation of
various proactive measures) for transforma-
tive adaptation. In general terms, national
legislation is coherent with the recommen-
dations and allows the implementation of an
integrated storm water management system
proposed by Helcom 23/5.

The European Green Deal has brought
along an ambitious Zero Pollution Action Plan
[29], which requires a drastic reduction in
the runoff of pollutants into the waters. The
evaluation of the current Urban Waste Water
Treatment Directive has identified some gaps

N
(=)
-

~o”

Adaptation
Support Tool

Figure 21.

However, the cities in the BSR still suffer from
urban pluvial floods and lack resources, both
for preparing the urban environments with
precautionary planning and for setting up
active flood protection measures. Therefore,

related to lack of compliance and differences
in implementation. One of the problematic
issues is overflows from combined sewers. It is
important to recognise the multiple purposes
achieved by the sewer networks across Europe
and to determine clear commitments from
Member states to tackle urban runoff and
discharges from combined sewer overflows
(CSOs) where and when they have a significant
impact on the receiving water bodies. CSOs
must be properly designed and maintained to
prevent flooding, minimise adverse impacts
on the water environment, and protect public
health.

Also, the EU Strategy on Adaptation to Cli-
mate Change foresees the smarter, faster and
more systematic adaptation [16], the principles
that correspond in a straightforward manner
tothe NOAH Concept for flood prevention. The
NOAH Concept can furnish several stepsin the
iterative Climate Adapt framework, proposed
for urban climate adaptation in the EU [30].

1. Preparing the ground for adaption

2. Assessing climate change risks and vulnerabilities

3. Identifying adaptation options

4. Assessing adaptation options

5. Implementing Adaptation

6. Monitoring and Evaluating Adaptation

EU Climate-Adapt adaptation support tool [30].

it is important to implement the costs recov-
ery principle (rainwater management) and
encourage nature-based solutions where pos-
sible.
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Roadmap for implementing the NOAH Concept

PREPARING THE GROUND FOR
ADAPTATIONS

GOVERNANCE
. Setting up the process .
Establ|sh|.ng B . Setting up
partnerships resources adequate UDS GIS
a ASSESSING CLIMATE CHANGE RISKS
AND VULNERABILITIES
e EU 9
PASSIVE MEASURES FOR BETTER PLANNING AND RISK MITIGATION

CLIMATE-ADAPT
support tool

Identifying flood prone areas
and flood volume
e framework e

0 e IDENTIEYING ADAPTATION OPTIONS

PASSIVE MEASURES FOR BETTER PLANNING AND RISK MITIGATION

Applying EWL for

S MART precautionary urban

planning

FAST ° ASSESSING ADAPTATION OPTIONS

PASSIVE MEASURES FOR BETTER PLANNING AND RISK MITIGATION

Identifying flood prone areas and flood volume
according to alternative adaptation scenarios

e IMPLEMENTING ADAPTATION

MORE SYSTEMATIC

ACTIVE MEASURES FOR TAKING CONTROL AND ENSURING POLLUTION
PREVENTION

Real-time monltorlng for
Smart actuators for i |mprovmg
control and |mproved
ubDs performance
performance

MONITORING AND EVALUATING
ADAPTATION

GOVERNANCE & MANAGEMENT

Monitoring and adaptive City policies in tune and
fit with { D Replicati f soluti
control of UDS it with adaptive UDS eplication of solutions
measures
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