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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procg¢dures used to develop this document and those intended for its further maintenance.:
described|in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed-for {
different fypes of ISO documents should be noted. This document was drafted in accordance with {
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may)bé the subject

patent ri

ts. ISO shall not be held responsible for identifying any or all such patént rights. Details

any patenf rights identified during the development of the document will be in the.Introduction and
on the IS{ list of patent declarations received (see www.iso.org/patents).

Any tradg name used in this document is information given for the conveniéence of users and does 1
constitutg an endorsement.

For an ejplanation of the voluntary nature of standards, the €eaning of ISO specific terms 4

expressio

hs related to conformity assessment, as well as information about ISO's adherence to f{

World Tralde Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso0.04

iso/forew

prd.html.

This document was prepared by Technical CommitteeISO/TC 224, Service activities relating to drink

water sup

Any feedback or questions on this document should be directed to the user’s national standards body.

complete

hly, wastewater and stormwater systems.

isting of these bodies can be found @twww.iso.org/members.html.
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Introduction

The objectives of stormwater management systems include effective control and management of
flows; protection of water quality; preservation of water quantity; protection of the built, public and
natural environments; water conservation and reuse; protection or enhancement of ecosystem health;
protection or enhancement of public health, safety and welfare; protection or enhancement of social
values; and facilitation of sustainable development and climate adaptation.

Cllmate Change 2014 Synthe51s Report Summary for Pollcymakers 2014 Intergovernmental Panel

urban areas. It indicates that risks are ampllfled for those lacklng essentlal mfrastructure an
or [living in poor-quality housing and exposed areas. The key risks, all of which are identified
confidence, include those of severe ill-health and disrupted livelihoods for urban populatid
flopding from a range of sources including pluvial, fluvial, storm surges and coastalflooding.

Pufrsuant to the “World Urbanization Prospects: The 2011 Revision, 2011, Unitéd Nations”,
urban population is expected to increase by 72 per cent by 2050, from 3,6 billion in 2011 to
in [2050. i.e. the same size as the world’s total population was in 2002 Virtually all of the
growth in the world population will be concentrated in the urban areas)of the less develope
which are deemed to be vulnerable to flooding. The report states‘that flooding is the mos
anfl greatest hazard for the 633 largest cities or urban agglomerations analysed. Mud slideg
asy
im

act rural villages and small towns, or their associated trdnsportation infrastructures.

Thus, climate change and urbanization with rapid growth in population in cities and su
ar¢as are most likely to increase flooding and thg risks associated with stormwater w
Setious challenges for stormwater management are posed for an increasing number of st
utillities, which are responsible for the control of\pluvial flooding that is caused by rainwate
anfl surcharging stormwater systems or remidining on surfaces and flowing overland or
depressions and topographic lows to create temporary ponds.

Th
of
hy
Cco

e immediate impacts of urban floodjnig can include loss of human life, damage to property,
fraffic and other services and deteriorations of limited freshwater resources, water ecosy
bienic living conditions. Effective’stormwater management systems can enhance the re
mmunities by reducing the likelihood and severity of pluvial, fluvial and coastal flooding.

Pldnning methods for starmwater systems have been established in most developed cou
they do not always applyydirectly to other countries with different conditions. In order to hd
the best solution to the)targeted area, the framework and planning processes should be staf
within a local institutional and regulatory context.

Ur

ntrated in
d services
with high
ns due to

the world
b,3 billion
expected
d regions,
t frequent
are often

ociated with severe weather conditions and flooding, particularly in rural areas and cominonly will

'rounding
rorldwide.
ormwater
I entering
into local

disruption

stems and
bilience of

ntries but
lp deliver
idardised,

er service

ban stormwater management is usually the responsibility of municipal water and wastewat
providers. However, in some countries the urban stormwater system management is per

se

ormed by

rateentities especially established for this purpose. Sometimes these services are not flinancially

a
supportted from the municipal water and wastewater revenues but from stormwater levies ppplied to
flopdyulnerable properties concerned and created for that purpose or a local governing authprity.

While it is largely and historically true that urban stormwater management has been the responsibility
of municipal wastewater authorities, it is increasingly recognized that stormwater management may
be best or additionally served through collaboration with other relevant stakeholders such as Forestry
Commissions (for forested hill and mountain sides), Agricultural Commissions for upstream farming
properties, river authorities or Port Commissions for the management of tidal surges on both marine
and freshwater bodies or local governing authorities.

This document compiles examples of good practices in stormwater management.

These examples illustrate a wide range of measures including both asset and non-asset-related
measures for various objectives relating to stormwater management.

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=0984cdb9eb0aefbf81e8b85523babef6



https://standardsiso.com/api/?name=0984cdb9eb0aefbf81e8b85523babef6
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Service activities relating to drinking water supply,
wastewater and stormwater systems — Examples of good
practices for stormwater management

1

Scope

T
IS(

2

Thlere are no normative references in this document.

is document provides examples of good practices in stormwater managemegnt, 1
24536 and information on standards and guidelines used in various countries.

Normative references

elated to

3 | Terms and definitions
No terms and definitions are listed in this document.
ISQ and [EC maintain terminological databases for use in.standardization at the following addiresses:
—1| ISO Online browsing platform: available at https://Www.iso.or
—| IEC Electropedia: available at http://www.electropedia.org/
4 | Format and content of the examples provided in this document
Expmples of stormwater managementintroduced here are classified by country and are depcribed in
Annex A. They are also classified aCcording to the objectives in ISO 24536:2019, Table 1, and gre shown
in [Table A.1. The examples were provided by country representatives and adapted to the format of this
dofument. In addition, although various standards and guidelines are described in Annex B] Table B.1
anfl Table B.2, they are shown/only as a name and a reference URL.
Table 1 illustrates the-structure of the examples included in Annex A.
Table 1 — The structure of the examples
Section Content
Bdckground Provides background information on the project, such as characteristi¢s of
the watershed, social background, issues and tasks.
Pyrpose Provides a description of the project objectives, such as improvements|to be
achieved.
Project outline Provides a description of the project.
Organization Provides simply the identity of the organization offering its experience.
© IS0 2021 - All rights reserved 1
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Annex A
(informative)

Examples of stormwater management

A.1 Introduction
There are|many examples of good stormwater management practices that follow the procedures set|by
the ISO 24536. The examples have been classified according to the stormwater management:objectiyes
they werg answering to.
Table Al1 — List of examples and their key objectives for stormwater management related tp
ISO 24536
Objectives according to ISO24536
Protection .
of the built,| Wa Protec- Facilifa-
- Protec- | tionor | Protec- | tion pf
Effec- public tef, . .
. tion or en- tion or | sustajn-
tive con- and Con
Sub- i trol and Protec- | Preser- natural V4 en- hance- en- abld
clause Title man- | tion of | vation environ: vat hance- | ment of | hance- | deve]l-
asement water |ofwater ments: ion ment of | public | ment of | opment
g quality |quantity| . { eco- health, | public and
of flow infrastruc- | and - N
system | safety | social | climate
volumes ture/prop- | reu
health |and wel-| values | adapta-
erty and se £ -
are tio
resources
Creation of a wetland in Mount
A2l Balker X X X X X
Stqrmwater harvesting and
Azl reyse in Murray Bridge X X
Auktria — Increasing storage
A3 capacity and implementing X X X X
dyhamic control in Vienna
Improving sediment control
A4 though the implementation of a X X X X
wdtland in Hamilton
Plqnning effective stormway
A4.2 terjmanagement measures in X X X X X X
Otfawa
AS Dehmark — Dynamig.control in X X X X X
* Kolding
Digconnecting'stormwater
frdm the combined network in
A6 Killingwokth and Longbenton, X X X X X X
Nofth-Tyneside, England
Riverdtverstomand-stormwater
A6.2 storage in Brunton Park, Gos- X X X X X
forth, Newcastle, England
France — Real-time control of
sewer systems for the reduction
A of combined sewer overflows in X X X
Biarritz
Implementation of a real-time
g supervision for stormwater fa-
Al cilities operation and flood risk X X
management in Nagoya
Implementation of the storm-
A.8.2 water management strategy of X
Niigata City
2 © IS0 2021 - All rights reserved
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Objectives according to ISO 24536
Protection .
of the built,| Wa Protec- Facilita-
. Protec- | tionor | Protec- | tion of
Effec- public ter . . X
. tion or en- tionor |sustain-
tive con- and con
Sub- i Protec- | Preser- en- hance- en- able
Title troland | . . natural ser
clause man- tion of | vation environ- vat hance- | ment of | hance- | devel-
water |ofwater . . ment of | public | ment of | opment
agement li - ments: ion health bli d
of flow | 142 1ty | quantity infrastruc- | and eco- ealth, | public an
system | safety | social | climate
volumes ture, prop- | reu
health |and wel-| values | adapta-
erty and se P .
fare tion
resources
X-band radar observation and
Ad3 forecast for stormwater and X X
e flood risk management in Osaka
City
Ada Implemgntation ofa.flood risk X X X
protection strategy in Tokyo
Ads Source infiltration promotion in X X X
Yokohama
Implementation of the storm-
A.8.6 water management strategy in X X
Kitakyushu City
Implementation of an early
A.8.7 flood warning system in Toyama X X
City
Stormwater storage tank and
A.4.8 reuse in Hiroshima City’s new X X X
stadium
Ado Flood risk protection scheme in X X
Fukuoka
CSO reduction and flood preven-
Agl tion in Kyoto X X X X X
A.2 Australia
A.2.1 Creation of a wetland in Mt Barker
A.2.1.1 Background
A new Environmental’Services Centre is planned for Mt Barker adjacent to a wastewater freatment
pldnt, Mt Barker Cteek and a high school.
Thie area has@along history of disturbance being a former abattoir, tannery and now informal council
wdrks storage area. Despite this disturbance, Lathan's snipe (an endangered migratory pird from
Siheria).dfid many other bird species have been sighted along the flood plain area.
A.2.1.2 Purpose

As part of planning for the Environmental Services Centre, a wetland and surrounding landscape was
built to achieve multiple objectives, including:

creating habitat for the Lathan's snipe and other birds species;

Creek and connecting to the school and depot;

ecosystems;

© IS0 2021 - All rights reserved
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— providing opportunities for education and awareness programs, both for the school and for a
planned community environmental centre servicing community groups, schools and the general
public.

A design response was developed that addressed these criteria and was thoroughly tested during
consultation with Birds SA, council, community groups and specialist ecologists.

The design also provides a range of ecological habitats for vegetation and bird species, encourages
visitors yet provides secluded areas where birds will not be disturbed.

A.2.1.3 Putline
N

This projgct was developed to rehabilitate a degraded area on the banks of Mt Barker Creek @dri of
a planned council depot construction. The central component of the project is a construc ‘?‘wetland
which will protect the creek from increased pollutants, provide habitat for rare and e dﬁered bjrd
species anjd become a recreational node along the Mt Barker Creek linear path. b%’.)

A broader objective of the project is to rehabilitate a range of ecological hab't@s surrounding the
wetlands,|including grasslands, wet and dry woodlands and riparian areas. of the impetus for
the initiaflive is to improve habitat for a range of rare and endangered bird@@ therefore the design
involved dlose consultation with Birds SA. S\\

The desigh provides a range of ecological habitats for vegetation and l{t{&pecies yet provides secluded
areas whgre birds will not be disturbed. Q

Walking paths, viewing decks and a boardwalk encourage Qﬁ\?}le to enjoy the wetland but manage
their acceps and allow a variety of habitats to be created (riparian inundation, open grassland, tussqgck
grassland|and wet woodlands). \\S\

The 6 000 m? wetland was constructed in 2014 and a@&tensive search was performed to source lofal
provenange plant species to use in the wetlands. A therough mapping exercise was undertaken during
planting tp enable the wetland to serve as a seed@lk for these rare local species into the future.

The wetland also provides best practice sto\ ater treatment for runoff from the (future) depot thus
helping to protect Mt Barker Creek and ulﬁmately the Bremer River from urban stormwater pollutants

(see Figuije A.1). :
Metland * \ I
(# isﬁng)q_ \ W\ |

[
49

o \\‘l

- o A2 ~ wéx-’-
REY 2RSS

J

RSN L

_.,__

odland
(dry)

\

Figure A.1 — Future plan of Mt Barker Environment Services Centre wetlands

4 © IS0 2021 - All rights reserved
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A.2.1.4 Organization

Mount Barker District Council

A.2.2 Stormwater harvesting and reuse in Murray Bridge

A.2.2.1 Background

Murray Bridge, South Australia, is situated on the banks of the River Murray and is one of the larger
regional centres at the lower end of the Murray Darling Basin and an important hub for regional
industries in the Lower Murrayland and Mallee Regions. Residential and industrial developmnjents are a
sign of the city’s growing urban populations. Sustaining the city’s many open spaces - parky, reserves
anfl sporting facilities - is vital to the region and its local community.

In |addition, major subdivisions are planned at the Newbridge (Old Racecourse) site and Gifford Hill,
which are proposed to include in excess of 3 000 dwellings, and will constitute a major proportion of the
proposed expansion of Murray Bridge over the next 20 years. A challenge for, Council is the prjovision of
infrastructure that can appropriately manage the increases in stormwater rurhoff associated with infill
anfl greenfield developments.

A.2.2.2 Purpose

Murray Bridge stormwater management and reuse scheine was built to provide an alternative,
se¢ure and sustainable source of non-drinking water supply*“to the Rural City of Murray Bfidge. The
Scheme harvests stormwater from eight basins and wetlands across Murray Bridge and transports it
to p lined lagoon at Gifford Hill for long-term storage. When needed for irrigation, raw stormwater is
pumped from the lagoon to the new treatment plant’on Old Swanport Road, from which the treated
stgrmwater is transported via distribution pumps and pipelines to the city’s irrigation syste

scheme was delivered by the Rural City~of Murray Bridge, in partnership with the Australian
Goernment and two private contributors:yThe total budget of $14,23 million was supportef through
$7[115 million of funding from the Australian Government’s National Urban Water and Depsalination
Plgn, to match the co-contribution frem Council and in-kind works from the Gifford Hill Joinjt Venture.
scheme was completed on time.and within budget, and with an impeccable safety record

Thie Australian Government funding agreement required the scheme to decrease reliance on the River
Muyrray and reduce potablewater demand by up to 172 ML annually.

A.2.2.3 Outline

A.2.2.3.1 Schéeme overview

Thie Rural City of Murray Bridge (Council) has a current water allocation of 250 million litres/year from
the¢ RivegMurray, and this allocation is subject to restrictions depending on flow conditions in the river.
Co nc1l s allocation was 51gn1f1cantly restricted durmg the drought years of 2006 throug to 2010,
dropping i : llted in dignificant
"browmng off” and degradation of Counc1l s reserves and sporting fields.

In response to the drought, Council identified stormwater as a valuable, untapped resource that can
provide a secure, sustainable and diverse water supply to meet the future needs of the community. A
strategy was soon developed for how stormwater can be harvested and reused across Murray Bridge to
prevent a repeat of the devastating impacts of the drought, reduce reliance on mains and River Murray
water, improve amenity of the many parks and reserves, improve drainage performance and flood
protection, and improve water quality.

A.2.2.3.2 Design

In 2014 the Rural City of Murray Bridge entered into an Early Contractor Involvement (ECI) process
with construction and design partners to optimize the previous concept design of the scheme. The

© IS0 2021 - All rights reserved 5
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ECI process was facilitated by the scheme’s project manager, with input from the scheme’s Technical

Advisor.

Due to a delay in the planned housing developments at the Old Racecourse (Newbridge) and Gifford

Hill development sites, which were originally proposed to be the source of a significant portion of t

he

harvestable volume of stormwater in the previous concept design, a comprehensive optioneering phase

was undertaken to identify alternative harvesting sites that can meet or exceed the yield targets.

Through careful planning, design and management the yield (irrigation demand met) from the eight
harvesting sites currently connected to the scheme is expected to be approx1mately 230 ML annually,

based on 3

future pump statlons at the Newbr1dge (Old Racecourse) and G1fford H1ll development 51tes Once these

pump stations are installed and the developments are completed, the total harvestable volume-for {
scheme may exceed 700 ML annually.

The ECI pfocess also identified a parcel of vacant land on Old Swanport Rd that was idéally located
become tle hub of the scheme (Figure A.2). Located between the existing and RuraljAvenue Wetla

of

he

to
nd

and the Gifford Hill Lagoon, with existing power supply available from Old Swaifport Rd and only a

short drivle to the Council Depot, the site was ideal for the construction of the nefwtreatment plant.

= e s @V
;\\

R '\&STAGE ASINS (FUTURE)

——

.

’ Ll 1 e 3
e i GlFFOR%‘ML RAW WATER STORAGE
ey [
= Bl \ Freeway Basm\,\{\
R&Lf T OLD SWANPORTZROAD
' [ B " TREATMENT FATILITY
. \O
O
NN

Figure A.2 — The ‘hub’ of the scheme; Rural Avenue Wetland, the treatment plant and Giffor
Hill Lagoon

A route fgr the new pipeline§-along Rural Avenue, Prosperity Grove and Maurice Road was selected
provide a|link between thejtreatment plant and the existing Council irrigation network on Adela
Road. Thils route also,€nabled stormwater to be harvested from the existing Council wetlands a
basins using parallekpipelines to reduce construction cost (i.e. one set of pipelines for harvesting,
another s¢t of pipelines for distribution, within the same road reserve).

The planningand design of the scheme included consideration of opportunities for future expansion
include additional harvesting sites, increased demand for treated stormwater, and a possible link t

to
de
nd

and

to
D a

regional vater diversirication scheme that l[inks Murray bridge to the DIStrict Louncil oI Mount bar

Examples of the “future-proofing” measures that were incorporated into the design include:

— Thessiting of the 110 ML storage lagoon on land that acts as a buffer to the SE Freeway at Gifford Hill,
with surrounding land available for additional storage lagoons in the future (an ultimate storage of

440 ML is envisaged).

— The inclusion of a UV disinfection unit in the Old Swanport Road treatment plant to provide treated

stormwater that s fit for purpose under an “unrestricted” irrigation regime. This provides flexibil

ity

for Council and third party water users to irrigate public open spaces 24 h a day. Provision was also
made in the treatment plant for a second UV disinfection unit to be retrofitted in the future, should

higher treatment flow rates be desirable.

6 © IS0 2021 - All rights reserved
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— The treatment plant and treated water storage tank have been sized to accommodate Council’s peak
irrigation demand (night time, typically from 10 pm to 8 am) while also filling the tank shared by
two other local organizations. There is further opportunity to operate the treatment plant during
non-peak times (day time, 8 am to 10 pm) to service additional Council sites and other water users.

— The harvesting and distribution pipelines were sized to accommodate stormwater flows from the
planned housing developments at the Old Racecourse (Newbridge) and Gifford Hill development
sites, to enable simultaneous pumping from these sites together with the current harvesting sites.
In particular the pipe crossings of the SE Freeway, which were installed using horizontal directional
drilling (HDD) techniques, have significant redundancy to accommodate increase flows.

With the Council’s unique stormwater drainage system consisting of a series of stor fer basins
in [localized depressions, it was also important that the harvesting and reuse strat hs able to
improve the performance of the drainage system and level of flood protection to ic and private
infrastructure. 03 ’

Thie basins do not naturally drain to the River Murray, but rather they rely on}%‘lltratlon or{pumps to
digpose of stormwater. In the past, these basins have not always been able?‘.c pe during large rainfall
events, resulting in flooding of roadways and in some instances, private\property, as repr('sented in
Figure A.3. Floodplain modelling was therefore used to inform th @ ction of pump ratles and to
inirm the scheme’s control philosophy, to ensure that the improv?{r\ ts to drainage perforrhance and
flojod protection were maximized.

Figure A.3 efore and after floodplain maps for golf course basin, 5-year average refurrence

éo interval

Thpcmannlng and design of the scheme also placed strong emphasis on the future operfation and
maintenance by Council staff. The scheme has a central Supervisory Control and Data Acquisition
(SCADA) system located at the Old Swanport Road treatment plant that is connected to all sites via
fibre optic cable or mobile phone-based telemetry systems. The SCADA system enables Council staff to
remotely monitor the harvesting and distribution infrastructure for the purpose of automated control,
using their personal computers and/or tablet devices. In addition, critical alarms are alerted to the
operators via an SMS service.

Many of the new pumps utilize variable speed drive functionality to provide operational flexibility,
reduce wear on the mechanical components of the system, and to maintain system pressure as required.
Under standard operating conditions all harvesting sites will pump simultaneously to the Gifford Hill
Lagoon at pre-determined flowrates, in order to maximize the harvestable volume that is generated by
small and frequent rainfall events.

© IS0 2021 - All rights reserved 7
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In anticipation of and during large rainfall events, Council staff can use the new control system to
remotely monitor the water levels in the basins and adjust pump rates and sequencing to manage
flood risk in real time. For example, Council will have the flexibility to reduce the pump rate at one site,
to enable a higher pump rate to be achieved at another site that is considered to be at greater risk of
flooding.

While the scheme has been designed to operate automatically with minimal operator intervention,
manual and local modes have also been provided on all equipment to facilitate testing and operation in
unusual circumstances

Other notable npnrah'nn and maintenance prnvicinnc include:

— Lifting mechanisms in the treatment plant to enable the safe and practical maintenance of pump
sets and filters.

— Two dolar powered pump stations that can easily be converted to mains power supply if higher
flowrptes are required in the future (i.e. after the ultimate development scenario-isxéached).

— Contrpl manholes with isolation valves at each of the harvesting sites, to provide safe inspection
and afcess of submersible pumps.

— The splection of submersible pumps stations with pumps capable of being removed from the pump
stati(ln without entry in to the pump sump, providing a safe meafis'of pump inspection by the
elimination of confined space entry.

— A congrete ramp at the Gifford Hill Lagoon to provide boat access in the event that chlorine dosing
is required, or small machine access in the event that the lagoon needs to be cleaned out.

— Provipion for portable diesel powered pumps to be fitt€d at the harvesting sites, to enable basing to
be pumped out even if short-term power failure weré to occur.

— Desigh of the treatment plant shed roof to accomimodate a future solar array, when battery storgge
technplogy is sufficiently advanced.

A.2.2.3.3 | Control devices information

The centrjal Supervisory Control and Pata Acquisition (SCADA) system enables all harvesting sifes
to pump [simultaneously to the Gifford Hill Lagoon at pre-determined flowrates to maximize the
harvestalle volume generated by_small and frequent rainfall events. In anticipation of, and durihg,
large rainfall events, Council staff can remotely monitor the water levels in the basins and adjust pump
rates and sequencing to mahage flood risk in real time.

A.2.2.3.4| Environmental management

As part of the construction program a project specific Environmental Management Plan (EMP) was
developed withrsite specific criteria. The EMP detailed methodology included procedures for the
preventiohof contaminated water entering watercourses and the stormwater system.

Site-specific sections of the EMP detailed how to deal with the discovery and presence of local fauna
and flora during the construction phase. Specifically this involved relocation of frogs, yabbies and other
fauna to adjacent areas of the site that were not subject to construction works.

Consideration was also given to the discharge of backwash water from the treatment plant. This water
is used to flush the treatment plant vessels during operation and is then transferred to a harvesting
site for reuse, thereby reducing any disposal or wastage of this water. The selection of an ultraviolet
disinfection system for the treatment of the distribution water also has an environmental benefit by
eliminating both the storage and use of significant quantities of hazardous chemicals.

In order to minimize the impact of the project to trees and shrubs, the pipeline alignment and
construction techniques were developed to focus on trimming of trees in order to reduce the number of
trees removed.

8 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=0984cdb9eb0aefbf81e8b85523babef6

ISO/TR 24539:2021(E)

A.2.2.3.5 Community and stakeholder engagement

The construction of this project included a dedicated community and stakeholder engagement plan and
team. The team liaised with residents and stakeholders through the design and construction process
with the following outcomes being achieved.

— The pipe alignment was adjusted to minimize disruption and impacts on businesses and the
community in general. An example of this is the realignment of the pipeline along Adelaide Rd. The
pipe was realigned to pass through a carpark rather than crossing one of the busiest intersections in
Murray Bridge. Local businesses were consulted and the realigned pipe was constructed in without

dicruntian to cuctaonmar nccacc tathao hicinaccac

ot Pt TO T T Ot Tt O e o e e e OOt Ot ot o TIT e o e O

—| Project introduction letters were distributed by letter drop to the general community,with follow-
up communication to affected community members by specific information drops.

—| Where the construction works directly impacted on community members; specific ope-on-one
communication was undertaken.

—/| Due to the important and significant indigenous history at Murray Bridge, the Ngarrindjeri people
as the traditional owners of the land were consulted and involved \throughout the construction
process to ensure that the works caused no damage to items of significance.

—| The construction program was developed to take into accotiht concerns of the local cgmmunity.
Examples of this include:

— Pipe construction along Maurice Rd was completed as night works to minimize thelimpact to
traffic on this busy road.

— Access to materials and pipe construction:ifi the vicinity of the Racecourse was programmed to
avoid disrupting events and training schédules.

— Construction within the Golf Coursesinvolved timing of the works prior to major evenits and the
utilization of track mats to preventdamage to the course during works.

—| Extensive consultation was undertaken with state government agencies during the design and
approvals phase, including:

— South Australian Murray-Darling Basin Natural Resources Management Board;
— Department of Environment, Water and Natural Resources;

— Environmerital Protection Authority;

— Department for Health and Ageing;

— Department of Planning, Transport and Infrastructure;

—_\Office of the Technical Regulator.

In ;BCIIUL{D lJCll tl\.;l.latlull vwdo Cl}DU [=} Dtl Ulls fU\.uD Uf thc lJl UjC\,t, ao }\"I{Lll lCl_y Bl 1d5c aud ltD ou rounding
region has numerous sites of cultural and spiritual significance of the traditional owners of this land,
the Ngarrindjeri people. An important part of the Early Contractor Involvement process was the Council
project team’s collaboration with the Ngarrindjeri Regional Authority to ensure that the selection of
project sites and design of the proposed works was sensitive to the cultural and spiritual significance of
these lands to the Ngarrindjeri people.

Council’s partnership with the Ngarrindjeri Regional Authority continued through the design and
construction stages of the project, involving cultural heritage assessments of the project sites and
monitoring of earth disturbing activities to ensure that risks to cultural heritage were appropriately

managed (Figure A.4).

© IS0 2021 - All rights reserved 9


https://standardsiso.com/api/?name=0984cdb9eb0aefbf81e8b85523babef6

ISO/TR 24539:2021(E)

N
Figure A.4 — Cultural heritage survey at Rural Avelée Wetland

N4

The Ngarrindjeri Regional Authority also produced a video wit eir staff and Ngarrindjeri elders
along with the scheme’s project manager to showcase the ben of forging strong partnerships and
mutual regpect between project teams and the Ngarrindjeri nation.

o)
A.2.2.4 (Prganization \%

¥
xO
A.3 Austria — Increasing storageééﬁaacity and implementing dynamic control i
Vienna X

Q-
C)O

The wast¢water manageme @Various parts of the 11th district of Vienna (Simmering) is prone| to
overflow ¢vents. The area f@iserebersdorf (Figure A.5, orange area) is especially affected. Due to the

Rural City{ of Murray Bridge

=]

A.3.1 Background

low altitufle of the area ewers have a very low gradient and a very low depth of cover. In the cgse
of backwdter in the s network, the system overflows quickly. Especially where, in Figure A.5, the

areas highlighted i ?l'ack and in orange overlap (circled in pink), there is a relatively abrupt changdg in
terrain. Cpming i @om areas with higher altitude, the water has gained increased velocity and tHen
reaches a sewqﬁth a grade of less than 0,1 %. During heavy rainfall events, this leads to an outflpw
of water fr@t e sewer. Due to the existing low depth of cover and the confined space conditions,|an
expansiorno he sewerin this areais difficult or even impnccih]p

The sewer network in Simmering is influenced directly by the sewer in Liesingtal valley and with parts
of the 10th district of Vienna (Figure A.5, area highlighted in green). All wastewater from adjacent
areas must be drained via the Simmering sewerage system and the Kaiserebersdorf lifting station,
and directed towards the waste water treatment plant (WWTP). Up until the Kledering lifting station
(screw pumping station), the water in the sewer network is drained with a separate sewerage system.
Downstream from the lifting station, the water is drained with a combined system. In the separate
system that feeds the Blumental storage basin, the stormwater sewers are directed into a body of water,
the Liesing stream. Downstream from the Blumental basin, wastewater as well as stormwater sewers
flow into the Liesing stream collection sewer-relief sewer (LCSR); however, the stormwater sewers have
controlled overflow into the Liesing stream. The first place for a relief sewer in the combined system
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is not until shortly before the main wastewater treatment plant, via the Kaiserebersdorf lifting station
and into the Danube Canal (Figure A.5).

This lifting station actually consists of two lifting stations that interact with each other. The so-called
“wastewater lifting station” Kaiserebersdorf and the so-called “stormwater lifting station” Kaisere-
bersdorf. The wastewater lifting station, as of now referred to as Lifting Station Kaiserebersdorf Waste
Water, is responsible for lifting the combined wastewater that flows into Kaiserebersdorf towards the
inflow of the main treatment plant so that it can be cleaned there.

If the maximum capacity of the wastewater lifting station is exceeded due to heavy rainfall, it is possible

to jmplement gravity drainage into-a-body of water, namely the Danube Canal to-provide relief. If the
Dajnube Canal floods, relief can be provided by use of the stormwater lifting station (Liftihg Station
Kajfiserebersdorf Storm Water). Q

Thie total contiguous drainage area thus amounts to more than 69 km2. To ensuré-Sustaingble water

protection and flood protection in this area, which takes up almost 15 % of Vienna’s totdl area, an

extensive catalogue of measures based on comprehensive hydro-dynamic studl'/ was compased.
( ]

3

ey - N P B O i o L1 TR - \
= B \1 N z + X i

1
w

s

Valve chamber
~ | Ailecgasse

crew pumping station
Kledering

Figure A.5 — Overview drainage area for lifting station Kaiserebersdorf (23rd and parts of the
11th district)

A.3.2 Purpose

In the case of a heavy rainfall event, the wastewater coming in from the adjacent areas (Figure A.5,

highlighted green) is to be retained for as long as possible, so that the problem areas further downstream
are relieved and in order to reduce combined wastewater drainage into the Danube Canal.
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Outflow of water from the sewer network onto the surface must be avoided. Special attention must be
paid to the area with abrupt change in terrain (Figure A.5, circled in pink).

A.3.3 Outline

A total retention volume of more than 85 000 m3 was created. This was done through structural
extensions on the one hand, and through the active management of the existing sewer storage.

The implemented sets of measures and the retention volume that was created is listed in Table A.2.

1aple A.2 — u 1 volu
Measures Retention volume
Optithising the management of the LCSR and implementing the operating 3
“ 2 ~17 000)m

mod¢ “flood protection

1 Construction of valve chamber Thiirnlhofstrafie ~8000 m3
Consfruction of valve chamber Ailecgasse ~6 000 m3
Reactivation of the abandoned wastewater treatment plant Blumental as a 3

2 : ; ~20 000 m
comlined wastewater storage basin

3 |Consfruction of the Simmering storage basin (incl. transport sewers) ~34500 m3
Full g¢xpansion of the Kaiserebersdorf lifting station (SW/WW)

Set of mgasures 1: The active management of the newly built Liesing stream collection sewer-relief
sewer (L{SR) between Blumental and Kledering is in the focus.ef the measures already implementgd,
as well ag the management of the old Liesing stream collection sewer (LCS) between Kledering and
Thiirnlhofstrafle. During a rainfall event, the new LCSR,~ith a diameter of 2,4 m and a length| of
about 5,3 km, and the old LCS can be divided into a cascading storage chain by means of 11 regulating
structure}. The cascading chain frees up storage capacity in the amount of 25 000 m3. Via the Kledering
lifting stgtion, the wastewater is divided, depending on the actual system’s capacity, and directed
towards the LCS and a newly built relief sewer in‘Ailecgasse. With the construction of a valve chamber
in this ney Aliecgasse collection sewer, an additional storage of approximately 6 400 m3 was created.

The highejr-level control of the different regiillating structures works automatically through the centjral
control sylstem of the Vienna sewer system, out of the control centre of the largest pumping station in
Vienna.

Different pperating modes allow; for an optimized operation, tailored to the individual rainfall event.
The modg¢s were programnied”in regard to water protection for the Liesing stream and to fldod
protection of the areas further downstream in Simmering. For instance, the flood protection magde
ensures that any stormwater inflow into the LCSR is stopped and instead directed straight into the
Liesing stream. This.Crfeates an additional storage volume in the LCSR (approximately 17 000 m3) for
wastewatgr, allowing for it to be retained from the high-risk area for longer periods of time.

(TPB) as 4 combined wastewater storage basin with a volume of 20 000 m3, the restraint effect of the

Set of m@asures 2: With the reactivation of the abandoned wastewater treatment plant Blumen{tal
LCSR was ful ‘LIICI Cll}ldllLCL‘l.

In order to review the effects of sets of measures 1 and 2 on flood protection in the target area, hydro-
dynamic calculations were carried out based on the “hydro-dynamic model Vienna”. For this, Euler Type
II model rain with a duration of up to 6 h and annualities of 5 years and 10 years were used. Moreover,
the heavy rainfall event of 13 August 2010 was calculated. Its recurrence interval is 50 years.

The result of the calculations showed a retention time of up to 2 h for the wastewater in the valley of
Liesing stream during a rainfall event with an annuality of 5 years. This improved flood protection
and the amount of stormwater draining into the Danube Canal through the relief sewer at the
Kaiserebersdorf lifting station was reduced.

Set of measures 3: With the new construction of the Simmering storage basin as a relief for the
Kaiserebersdorf collection sewer and the area further downstream, a storage volume of around
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34 500 m3 was created, in combination with the two transport sewers (Figure A.6, catchment area
hatched black, transport sewers in blue, inflow control structures marked with black rectangles).

) |
Valve chambe
Thurnlhofstrag

Figure A.6 — Drainage area Simmering storage basin

During heavy rainfall evefits; inflow into the storage basin and a redirection into the exist

of 5

ing sewer

nefwork are controlled@t two control stations. Each of the two stations has a transversal thrttle valve

to fcontrol the amountof water directed into the sewer network, and a flexible, longitudinal
which controls th ow into the storage basin.

The flow in tlﬁgﬁ‘llection sewer in Kaiserebersdorfer Strafde can be entirely redirected into tl
bagin, so a educe the outflow and to relieve the area further downstream.

In rg{d measure and assess the effects of the storage basin, hydro-dynamic calculations
th @( ro-dynamic model Vienna” were carried out.

gate weir

he storage

based on

The model rain Euler Type Il was used with the following duration periods and annualities:
— duration of 60 minutes and an annuality of 5 years;

— duration of 120 minutes and an annuality of 5 years;

— duration of 60 minutes and an annuality of 10 years;

— duration of 120 minutes and an annuality of 10 years.

Moreover, a hydro-dynamic long-term simulation of 15 years and the heavy rainfall event from

13 August 2010 were calculated. This verified that in the target area, the model rain with an
of 10 years and a duration of 60 minutes can be stored temporarily and then drained.

© IS0 2021 - All rights reserved
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Set of measures 4: Thanks to the full expansion of the Kaiserebersdorf lifting station, the wastewater
lifting station now has five lifting screws with a performance rate of approximately 1,330 1/s each,
which lift the wastewater out of the transport sewer. Moreover, the lifting station has a sixth, smaller
lifting screw with a performance rate of approximately 200 1/s. This screw only removes the wastewater
coming in from the Alberner-Hafen collection sewer.

Another screw was added to the stormwater lifting station, enhancing it to perform at a maximum flow
rate of 16 m3/s. If the Danube Canal floods, this can be relieved only through the lifting station. The
lifting station now has four lifting screws with a performance rate of 4 m3/s each.

for
in
he
nd
Kaiserebdrsdorf lifting station can thus be reduced. In particular, the wastewater flowing in from
the Liesing wastewater system can be retained. This leads to a reduction of the pollution load in the
combined{wastewater system underneath and thus also in the relieved combined waStewater.
Danube canal
Ls-sw A
Lsww
-WWTP- <@
LS Kaiser-
Storage basin ebersdorf
Simmering ¢
Capacity: :u;oc:m‘ 1 1
Valve Thiirnl- 5o Valve Ailec-
hofstraBe T s 2 gasse
o
Capacity: ~8.000m’ w g Capacity: ~6.400n{’
Lenght:  ~3.3km i 3 (3] Length: ~3.2km
= 2
820 1817 LCSR 783 e <
uBwjg rewio | -l_ RBW3 RBW2 RBW1 [ =
: ! = : N | ! '
i ~1%.080m* / .
| | Longin. Cgowm whs S
819 TB18 PS Unterlaa - UBW1 B
| LS Kledering
| Storage basin 1
Blumental < LCS
Capacity ~20M0m"
Key
RBW regylating structure to regulate the contents of the storage basins

TB  separatimgstructuretocontrotinflow-mto-the-storage-sewer
UBW control structure (for diversion purposes)

LS lifting station with screw pumps

PS pumping station with centrifugal pumps

WW  wastewater

Figure A.7 — Schematic representation of the implemented measures to improve flood
protection

Due to their complex hydro-dynamic interplay, higher-level coordinated control between all plants is
required (Figure A.7). The timely feeding and emptying of the individual storage basins is especially
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important. For an adequate assessment of what “timely” must mean, a special online weather
information system is used. It consists, on the one hand, of a network for precipitation measuring with
31 measuring stations across the city and its surroundings, and, on the other hand, a weather forecast
portal tailored to the special requirements of sewer network management by the Austrian Central
Institute for Meteorology and Geodynamics.

The effectiveness of the measures described in this subclause has already been confirmed during

various heavy rainfall events in the past.

A.3.4 Organization

Vignna Wastewater Department

A Canada

A.4.1 Improving sediment control through the implementation of ajwetland in Hamilton

}.1.1 Background

ndermere Basin islocated at the southeast corner of Hamilton harbeur, at the mouth of Red

Harbour Commissioners) entered into an”agreement which transferred ownership of the
sufrounding lands to the city. As part.dfthis agreement, the city assumed responsibility for m
dredging of the basin, to be undertaken in a timely matter to ensure that the build up of sedi
nof impinge upon the shipping and navigation needs of the harbour.

Hill Creek,
nation by
reek since
nt trap to
tering the
Apacity of
1. Located
ity occurs

Hamilton
basin and
intenance
ent would

Thirough undertaking bathymetric surveys, it was discovered that the basin had reached capacity and

ds no longer effective~The city undertook several studies to determine the best course o
depl with its obligations‘to the HPA and how to best manage the basin property. It was dg
that sediments withinthe basin should remain, dredging be completed at pier 25, and that
sheuld be restoréd) With the help of a consulting engineering company, the city undertook a
class environmeéntal assessment (Class EA), preliminary, detailed design and contract admi
seffvices forthe enhancement of the basin. Upon completion of the Class EA, it was determine
preferredsselution was to construct a watercourse to direct sediment to Hamilton harbour 2
an|aquatic¢ habitat (wetland) within the remainder of the basin.

action to
btermined
the basin
municipal
nistration
d that the
nd create

Thle— g 0 d BPES 0 6

(CSIF).

A.4.1.2 Purpose

6 was—comple : 2 o5t-8 : : —whieh—eame from the
municipal provincial and federal governments as part of the Canada Strategic Infrastruct

ure Fund

The main objective of the project was to improve the stormwater runoff quality through sediment
control of overland water draining to the basin.
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A.4.1.3 Outline

A.4.1.3.1 General

After the basin was transferred to the city in 2001, a steering committee was formed to provide input
to the city with regards to future activities and uses for the property. Figure A.8 shows the transitions
that were achieved in the project area at various stages in the implementation. The steering committee
developed the following vision statement:

“Windermere Basin will be a restored estuarine ecosystem, providing a sanctuary for wildlife and
paSSiVer fealtlional use. VVIUI mproved wadater gud y dld NaDItdl regeneration, vvinderimere Bakin
will be a “healed” area; a source of community pride; a place where citizens and visitors can witneﬁ the
ongoing regeneration of the area to a healthy environment.” (19

“Windernjere Basin will be a green area in an industrial waterfront. As a unique feature &ﬁ%fe eastern
gateway tp the city of Hamilton, the basin will be an area where people can learn and understand abgut
the area’s| natural and cultural history. Trails will connect the basin with other naﬁh,ral and cultufral
attractions in the surrounding area, thus facilitating public and access and linlg« across the entjire
Hamilton [Waterfront.” O\

RN

xO
a) 1950s-era photo of b) June 2012, pre@bh- c) September 2012, sub-d) October 2013, 1 year
Windermere looking structi(@)\ stantial completion after completion
towards|Hamilton har- .

bour O® )
Ficgg@A.S — Transition of Windermere Basin

2)

A.4.1.3.2| Triple bot&g@line — the environment, the economy and society

The city apd the %ting team applied a triple bottom line approach, to ensure that works completed

would prdvide fits in the key areas of environment, economy and society.
A4.1.3.3 vironment

The local environment has been significantly improved over the previous conditions by restoring
approximately 15,4 hectares of the basin property, including approximately 11 hectares of Great Lakes
coastal wetlands. The project provided the opportunity to create new Great Lakes coastal wetland area
to counterbalance the loss of natural wetlands in southern Ontario (where, according to Environment
Canada over two thirds of wetlands have been lost), also to restore the basin back to a pre-industrial
wetland. Furthermore, the improvementin habitat conditions will contribute to the delisting of Hamilton
harbour as an area of concern for the Great Lakes Water Quality Agreement. These improvements to
the local environment were accomplished by improving the water and sediment quality by isolating
the basin from the Parkdale Combined Sewer Outfall and Red Hill Creek, both sources of high levels
of nutrients and contaminants. In addition, the project implemented capping of existing exposed
contaminated sediment with 0,5 m thick clean fill to improve the water and soil quality. Planting of
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native vegetation and habitat enhancement features offered improved aquatic and terrestrial habitat

that will benefit a variety of birds, fish and other wildlife.

A.4.1.3.4 Economy

Construction of a channel through the basin and dredging at pier 25 will provide economic benefit
to the city by allowing an ongoing dredging program that has a manageable cost, in comparison to
sediment management of the entire basin at a 200 % to 300 % higher cost. Dredging at pier 25 permits
more efficient dredging operations. A sediment management plan was developed that addresses the

long-term requirements for meeting the city’s commitments to the Hamilton Port Authority.

ilton Harbour is a well known birding area, with the existing basin being a primeé 1
obperve a number of species. The enhanced basin, with the new diversity of habitdt.'Condi
offer further opportunities to see an increased variety of birds and wildlife. To facititate this
vigwing area has been constructed on the east side of Red Hill Creek, which offers excellent
across the site.

A.4.1.3.5 Society

enhanced basin provides substantial societal benefits to the city*and its residents. The w
comparison to its existing conditions, will offer a greater varjety’of bird watching opportu
will tie in to the previous work conducted by the Hamilton Waterfront Trust. The project wi
cre¢ating a natural eastern gateway to the city and a signifiéant positive public profile will be
through the project.

A.4.1.3.6 Maintenance

Alghough the basin wetland design has been developed to minimize the amount of maintenand

itional economic benefits will also be realized through providing additional tourism opp(Lrtunities.

bcation to
tions, will
activity, a
sight lines

retland, in
hities and
1 assist in
generated

e, regular

indpections of the site will be necessary to~ensure that engineering structures are in goo

aldng with potential invasive species such as phragmites and common carp. In addition, a

I working

onitoring

ordler. The proper operation of the wetland-will also require some maintenance to manage the ecology

program has been developed to ensure ecological sustainability and allow for an adaptive management

strjategy.
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Figure A9 — Oveqii%w of Windermere Basin
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Represenfative images in Figure A.9 provide a bird’s eye view of the basin itself and the principal
features, @ pictorial image of the foreshore and images of two of the key transitional activities.

O

A.4.1.4 (Prganization O .
City of Hamilton. %\

A.4.2 Planning e@tlve stormwater management measures in Ottawa

A4.2.1 Back@Qnd
A

Many cit]egace significant land use changes over the years from forest, to agriculture, td a
predominantly urban/suburban character, often exacerbated by changes from low density residential/
commercial to high density with infilling. As a result, there is the potential for flooding within the
area and the possibility of unmanaged stormwater runoff into adjacent water systems. The question
is “how to introduce effective stormwater management where the evolving land use pattern does not
have appropriate designs and infrastructure?” The city of Ottawa decided to examine alternative SWM
solutions through the development of a SWM retrofit plan in its Pinecrest Creek and Westboro Beach
area.

The Ottawa River Action Plan (ORAP) of 2010 governs the issue. It has two key objectives: a) optimize
recreational use and economic development of the river, with a focus on reducing beach closures; and b)
maintain a healthy aquatic environment within the river.
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It was noted among other things that urban development has greatly increased imperviousness and
drainage efficiency (resulting in increased flooding and erosion within the Pinecrest Creek corridor);
transportation, infrastructure and recreational uses have encroached into the creek corridor
(constraining its ability to adjust to changesin flow regimes and increasing risk of infrastructure erosion
and flooding); Pinecrest Creek has been disconnected from the Ottawa River due to piped sections
(resulting in an extremely limited fish population); and the separate storm sewer outfalls upstream of
Westboro Beach were identified as key contributors to “wet weather” bacterial contamination during
and after rainfall events (resulting in closures of about 30 % of the swimming season (mid-June to late
August).

+ . P | 1.1 PR CEN | + -1 -1 — 1 1 1 +1
AI CALCISIVE T4 pUULIC COIISUILALIOITI WS LA TICU OUl WIICIT TUCTIILITICU LT CC KTy LIICIIICS.

1) | The city must address impacts of uncontrolled stormwater runoff as well as combined sewer
overflows (CSOs). Several ORAP projects address urban stormwater; however, it is recoghized that
stormwater pollution is as important an issue as combined sewer overflows.

2)| Residents and businesses must take responsibility for their dischargescto™the enviroriment (i.e.
source control). At present, the city needs a communication plan for improving awarengss of, and
action on, water environment issues at the community level.

3)| A watershed approach is needed to ensure that the full range of pollutant sources and impacts are
addressed.

Fufther public consultation took place during the Pinecrest Greek/Westboro retrofit study.

A.4.2.2 Purpose

The purpose was to recommend what stormwatermfanagement techniques to apply in the dtudy area
that would provide the best solution considering“a number of economic, environmental gnd social
fadtors.

A.4.2.3 Outline

A tetrofit study was the first step-'and identified a potential long-term plan comprising 3 range of
programs, capital projects and outreach efforts aimed at reversing or partially reversing the[historical
impacts of development on Pinecrest Creek and local reach of the Ottawa River (Westboro Bgach). The
stydy area is almost completely developed, with only minor undeveloped areas remaining. It Jomprises:

—| 18 849 households;
—| 227 hectares ofexisting pavement/concrete;
—| 272 km of streets.

Offthe origindl 4 km of creek bed, only 2,5 km remain open, the rest being enclosed in pipes.

SWM~drainage system retrofit measures are categorized by the location where they operate and
indlude:

— Lotlevel: These are located at the source of runoff and function to reduce the amount or volume of
rainfall that runs off and to prevent pollutants from being picked up and conveyed off the lot.

— Conveyance: The means by which stormwater runoff is transported from one location to another.

— End-of pipe measures: Larger-scale facilities that receive the accumulated runoff collected by the
conveyance system.

— Stream rehabilitation: These measures are undertaken when the implementation of retrofit
measures within the watershed is not sufficient to address erosion and stability impacts.
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To develop the retrofit plan, key steps (consistent with Municipal Class Environmental Assessment
requirements) had to be undertaken:

i) Setting the stage: identifying existing conditions and SWM retrofit potential.

ii) Establishing scenarios for retrofit options and selection of the preferred scenario.
iii) Public consultation and communications.

iv) Preparation of an implementation and monitoring plan.

Five imple to

meet the on
(without ¢nd-of-pipe facilities); highest practical implementation (with end-of-pipe facilities); moderate
implemenftation (of highest practical implementation); and a public-property-only implementation.

The retrofit plan objectives, consistent with the overall goal of a healthier creek and rivép and reduged
closures at Westboro Beach, are as follows:

1) Reduge flood risks to public health and safety and to property along the Pinécrest Creek corridof.

2) Reduge erosion impacts in the Pinecrest Creek corridor that are‘“detrimental to property,
infragtructure and stream habitat.

3) Re-esftablish a more natural hydrologic cycle for the Pinecrest Creek sub-watershed.

4) Imprgve water quality in Pinecrest Creek and the Ottawa' River by reducing the impact| of
stornjwater runoff.

5) Reduge the impacts of stormwater runoff on Westbore Beach.
6) Protert, enhance or rehabilitate natural features.and functions along the Pinecrest Creek corridpr.
7) Increase public awareness about stormwater'management and public involvement.

Associatefl targets (i.e. numerical benchmarks) were assigned to each objective to represent the desifed
conditionto be achieved.

The five retrofit scenarios considered comprised different combinations and amounts of lot leyel,
conveyan¢e and end-of-pipe measures that would be retrofitted into the existing rights-of-way, open
spaces, arjd a proportion of public'and private properties within the study area. The list of measures
included ip the different retrofit’scenarios were:

— lot leyel: downspout disconnection/redirection; rain barrels/cisterns and rain gardens; and for
sidewjalks and parKing lots, porous/permeable pavement/concrete;

— convdyance:Stréet narrowing; and infiltration measures;

— end—olf—pipe: wet ponds; and oil/grit separators.

The study identified a number of long-term plans comprising a range of programs, capital projects and
outreach efforts aimed at reversing or partially reversing the historical impacts of development. Each
of the retrofit scenarios derived encompassed a range of potential implementation levels (i.e. a greater
or lesser amount of retrofit effort) for the various measures within the study area.

A primary consideration of the study was the degree of “uptake” or the extent of implementation
that can reasonably be anticipated at the lot level measures on private property. Actual uptake will
ultimately depend on a number of factors, for example:

— Acceptance: will the homeowner be willing to implement one or more lot level measures and will
they actually do it? Will commercial establishments be willing to participate with retrofit measures
when rehabilitating properties and buildings?
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Feasibility: are the lot level conditions physically suitable for the various measures considered?

The scoring method developed captured the benefits and limitations of each of the five scenarios
evaluated, including the timing to implement, the degree of control likely to be achieved and the cost.

Based upon the evaluation, the “moderate” retrofit scenario was selected as the preferred retrofit
plan. Although the moderate scenario did not have the highest score, it was nevertheless selected as it
provided the most cost-effective overall approach - it achieved significant benefits, even if less than the
two highest practical scenarios. While additional improvements were provided by the highest practical
scenarios, these incremental improvements were not significantly greater and were considered less

cost=effective given the reguired significantincrease in costtg achieve them
S T S

Thle moderate plan comprised:

A
ret
wh
re

pr

Th
pr
(fl
ref
ar

Thie retrofit plan is in the process of being implemented (2019). It is expected to take sev

be

Be
co

two rain barrels at 25 % of households (total number of households in study area="18 84

downspouts redirected from impervious to pervious surfaces at an additiondl 7 % of h
(over existing conditions);

48 hectares of pervious pavement/concrete on driveways, parking lots‘and sidewalks (to
existing pavement/concrete in study area = 227 hectares);

9 km of streets narrowed by 1 m;

20 km of infiltration trenches;

rain gardens at 10 % of households;
two oil and grit separators;

two stormwater management ponds.

b0-year timeframe was suggested to complete implementation of the retrofit plan to
rofits within the rights-of-way and on ¢ity-owned properties to be completed “opportunist

9);

puseholds

tal area of

allow for
ically,” i.e.

en roadways, city buildings and parking lots come to the end of their life cycle. This timeframe also

ognized the considerable challenge of engaging sufficient participation from residential
vate property owners. The estimated 50-year life cycle cost of the preferred retrofit plan i

e retrofit plan includes_d monitoring plan intended to track the effects and to assess t
pgress in achieving the_objectives and targets. The monitoring program has eight co
bod risk, erosion of.channels, aquatic habitat, hydrologic cycle, water quality, natural featy
rofits and develppment intensification). Within each component, there are designated indi
ecommended frequency for recording the indicator data.

fore a significant number of retrofit measures are implemented.

causSefthe selected retrofit scenario assumes considerable uptake by private propert
©tifiuing public awareness campaign will be essential to achieving the desired uptake. Imple

and other
5 $43M.

he overall
mponents
res, SWM
rators and

bral years

7 owners,
mentation

of the public awareness program has begun.

A.4.2.4 Organization

Th

e city of Ottawa.

A.5 Denmark — Dynamic control in Kolding

A.5.1 Background

Kolding is a medium-sized Danish city with approximately 60 000 inhabitants and with a seaport facing
Kolding Fjord reaching out to the Little Belt between Jutland and Funen (Figure A.10).
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Figure A.10 — Geological location Q&golding municipality
S

Kolding Municipality is conscious of the environmer&@and recreative values of streams and bay waters
(Figure A[11).
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Figure A.11 — Views of Kolding municipality
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The wastewater system is managed by the wastewater utility company. It is a 230 km combined
network with 18 combined sewer overflow (CSO) structures.

A.5.2 Purpose

In the context of the rehabilitation of the harbour area, Kolding municipality had to reduce, by 2012,
CSO volumes discharged to the bay to half the amount (from 150 000 m3 to 75 000 m3) and to reduce
the frequency of CSO occurrence by two thirds (from 35 to less than 10).

The original project proposed to meet these goals was through the construction of a combined sewer
rage-tarof-6-086- 1 atthe-harbournear-the-eitycentre—Analternativeselutionusing4q dynamic
control system was finally chosen because it significantly lowered the capital investments| reducing
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The dynamic control system controls the operation of the gates, weirs and punips in the combihed sewer
nefwork, to maximize the utilization of the available storage volumes, the“sewer network |transport
capacity and the wastewater treatment plant capacity in order to reduce'the combined sewer overflow
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Wed 7/9 2011 07:12 Stop Live v:snm‘ '

Key

1 STAR active at location? green = yes, red = no
2 bagin “forrens”

3 kolding WWTP

Bassins

‘?ﬂ th¢ filling of each retention basin is shown from 0 %-to 100 %

nﬂ when overflow, the background changes to yellow
Pumps

© pu[:ping station is active
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Gates

ping station is not active

th¢ opening of of each gate is shown from 0 % to 100 %
gate closed (0 % 0peh)
Communi¢ation is missing

a white “x*-on’grey background indicates missing data

Fi A12 —S | in Koldi icipali

It does so by combining real-time data from the sewer network with rain and flow forecasts, thus
identifying optimal settings for weirs, gates and pumps within the network. At the core of this
innovative technology is a continuous dynamic overflow risk assessment that uses a genetic algorithm
to minimize the total expected environmental impact.

By choosing the dynamic control system, Kolding municipality was able to successfully meet its
environmental performance goals at a capital investment cost 22 % lower than originally anticipated.

The additional storage volume was reduced to 3 000 m3 instead of 6 000 m3 through the implementation
of a dynamic control system along with online sensors, the installation of moveable gates and online
communication.
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A.5.4 Organization

Kolding municipality.

A.

6 Great Britain

:2021(E)

A.6.1 Disconnecting stormwater from the combined network in Killingworth and
Longbenton, North Tyneside, England

A.6.1.1 Background

T

T

re is a long history of stormwater flooding in North Tyneside, though it was the severerainfall event
of June 2012 that captured the attention of national media, politicians, local communities, b
goyernment bodies and local authorities. Hundreds of residents and businesses across
reported internal flooding and transport systems became gridlocked as everyday life ground to a halt.

social, environmental and economic costs are still being counted today,

Thiis led to increased pressure on the flood risk management authorities\(RMA) to identify, j
implement a coherent plan for flood risk management into the futureZltis accepted thatitisi

to
au

thorities will work together to minimize the impacts on society.and the environment.

Thee flood risk originates as a consequence of an overall incapacity within the drainage syst

std
flo|
int

in

©lI

Fhe area.

lisinesses,
the area

histify and
mpossible

puarantee that flooding will never happen again but there is a clear expectation that the rg¢sponsible

em during

rm events resulting in fluvial, highway and sewer fleoding. The incapacity is exacerbdted when
ws are high in the Ouseburn River which then impacts.on the effectiveness of those drainage systems
eracting with it. Figure A.13 demonstrates the cofplex interactions between the drainage systems
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Figure A.13 — Schematic of the interactions between the drainage systems

The consdquences of the incapacity during stormwater events are:

— Flood|risk to 3 594 properties (over 500 reported incidents).

— Disruption to strategic traisportlinksinthe area, affectingaccess toresidential areas, local busingss
parkg and access in and‘gnt of Newcastle City centre. This has an adverse cost to commuters gnd
emplg@yers, thus impag¢ting on the local economy.

— Incregised levels-of stormwater entering the combined sewerage system which are then pasged
forwqrd to the sewage treatment works.

— Comblined séwer overflows discharging to the Ouseburn River which are contributing to its curre¢nt
statu$ asymoderate in the European Union Water Framework Directive classification. The aim ig to
achievegoodstatus by 2027

— Inability of the existing drainage system to accommodate future growth and climate change.

The integrated nature of the drainage system meant that it was not practical to assign responsibility
for managing the flood risk to a single RMA and a collaborative approach was required. The RMAs
therefore agreed to the joint delivery of an integrated drainage project to fully understand and quantify
the problem, identify the opportunities and benefits associated with a collaborative approach to risk
management and deliver a coherent risk management plan for the area.
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The overall objective of the collaborative approach was to use innovative and sustainable approaches to
stormwater management to produce a design that reduces flood risk while fitting in well with the local
communities, adding to the amenity and biodiversity of the area and accommodating future growth

an

d climate change.

A.6.1.3 Outline

A.6.1.3.1 The scheme

Thie philosophy adopted for this project was one of stormwater management godd, practice in
acgordance with the SuDS Management Train, essentially looking to deal with surface 'watgr as close
to the source as possible. Construction of the scheme began in August 2016 and is due‘to be ¢ompleted
within 3 years. Figure A.14 highlights the three principle components of the scheme and hgdw they fit
stijategically to deliver the project objective.
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Figure A.14 — Schematic of the components of the scheme

The three principal components of the scheme are:

1)

The removal of Longbenton Letch (main river) from the combined sewer by diverting the flows
northwards into the adjacent Forest Hall Letch (main river). Due to topography and land use, part
of the route passes beneath a cemetery. The chosen option is to use 700 m of 1 200 mm diameter

concrete pipes.
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2) To enable Forest Hall Letch to accommodate the additional flows from Longbenton Letch, without
increasing flood risk, stormwater attenuation features are required at two locations. Firstly, a
managed flood plain, or two-stage channel, is required at the upper reaches of Forest Hall Letch.
Figure A.15 shows a cross-section of the managed flood plain and Figure A.17 shows the completed
managed flood plain.

Figure A.15 — Managed flood plain in the upper reaches of Longbenton Letch

Thesg areas provide over 5 000 m3 of storage and form part of the Killingworth Moor Draingge
Mast¢r Plan, designed to facilitate future housing growth on adjacent land. Secondly, |an
'ampljitheatre’ style detention basin (see Figure A.16) and a managed'wetland, situated within the
grour]ds of Longbenton Community College, provides an additional5 000 m3 of storage.

Figure-A.16 — Amphitheatre detention basin

The design was created through a detailed engagement process with the college and best megpts
their requirements,for future land use and supports the education curriculum.

3) Killingworth Liake is a large artificial stormwater storage area that is central to communiity
activities within the area, with various clubs and community groups using the lake on a daily basis.
Detailed£ngagement with these bodies identified an exceedance area to the south of the existing
lake gstapreferred option for removing the overflows from the lake out of the combined sewer.
This attenuation area has a capacity of 1Z 000 m> with the overflow connecting back to the natural
environment via a section of concrete pipework to an existing watercourse.

A.6.1.3.2 Benefits

A.6.1.3.2.1 General

The benefits accrued as a result of this scheme can be grouped into three categories: social,
environmental and economic.
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A.6.1.3.2.2 Social

— Reduced probability of flooding to all 3 594 residential properties (Table A.3).

Table A.3 — Flood risk

L. Flood risk
Deprivation index o o
Very significant Significant Moderate

0,
20 % most 145 70 187
deprived areas

0,
60 % least 1972 544 676
deprived areas

Pafticular attention is drawn to the improvement in number of properties withiih the ‘2D % most
deprived areas’ where the residents are likely to be less able to take individual a¢tien to mitigate flood
risk.

—| The scheme reduces flood risk to the Killingworth, Longbenton and<Forest Hall areas, helping to
alleviate stress and health-related impacts to the residents. The s¢cheme supports an imgrovement
in the health and wellbeing of the community by:

— engaging the community in the design process to deliver féatures that enhance the local amenity
and are accepted by the community;

— reducing the levels of stress and health-related impacts associated with flood risk;

— providing multi-use spaces that can be usedfor recreational purposes when not attenuating/
storing stormwater;

— creating closer and more trusting relationships between RMA and communities;

— improving public awareness ofsstormwater issues and the role we all have in prfoviding a
sustainableapproachtoits mandagement-thisisepitomised withinthe educational oppprtunities
from the creation of the attenuation and wetland areas within Longbenton Communify College;

—| Reduction in disruption to traffic movement.

A.¢.1.3.2.3 Environmental
—| Creation of 3 hectares of water-dependent habitat.

—| Water qualityimprovement assisting movement from moderate to good European Water Framework
Directivestatus of the Ouseburn by providing a:

— rediriction in peak flows and sediment transportation;

~ reduction in combined sewer overflow spill volumes by approximately 82 000 m3 per annum.

— Reduction in energy usage and associated carbon footprint with a reduction in flow of 477 330 m3 of
stormwater per annum to the sewage treatment works.

— Alignment with and supporting delivery of the biodiversity action plan for the area.

A.6.1.3.2.4 Economic

— A collaborative approach with shared resources has allowed this scheme to happen. Without this
partnership approach the scheme would have been unaffordable.

— The CIRIA Benefits Estimation Tool - valuing the benefits of the blue-green infrastructure, BeST
which builds upon the ecosystem services approach to the evaluation of benefits identified total
benefits in excess of £51m. This indicates a benefit/cost ratio of 10:1.
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— The reduction in storm flow to treatment equates to the foul flow only equivalent from
3 363 properties. This ‘headroom’, combined with the new stormwater management features can
now be used to facilitate new development and housing growth, which brings wider economic

benefits to the region.

A.6.1.3.3 Performance targets

The scheme is designed to accommodate rainfall events with a return period of once in 40 years for the
sewerage system and once in 100 years for surface water (Table A.4).

Table A.4 — Technical information

Design criteria - return period

40-year sewer flooding protection

100-year surface water flooding protection

Design criteria — duration (worst case)

M100-30 (100 years return period, 30 minutes:duration) 900
(900 minutes winter storm), 1 440 w (minutes winter storm)

w

Design criteria - runoff

New UK runoff was used with antecedent AP130 (Antecedent
Precipitation Index) values of 14,2 mmand 9,8 mm for winter
and summer (soil class 4)

Fixed runoff coefficients 70 % for.roads, 85 % for roofs

Asset-relafed solutions

12 000 m3 exceedance basin$
10 000 m3 attenuation controlled by throttle pipes

340 m overflow in pipework from lake to alternative water-
course

33 847 m? wetland

701 m transfer of watercourse flows from Longbenton Letch {
Forest Hall Letch in 1 200 mm diameter culvert

Non-assetjrelated solutions

Economic growth opportunities
Community engagement and involvement

Corporate responsibility opportunities

Investigatjons

Integrated drainage model built in commercial software
Manhole surveys

Topographic surveys

Ground model build from LiDAR and topographical surveys
Geotechnical bore hole data

Services information

Asbestos surveys

Ecology reports including tree and bat surveys

Landscapr pnh]i(‘ifv fignrp< and r‘lrnwingc

I nndcr‘gping phm'nc nsed for pnhlirifv attached and link to

drawings.
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opportunities for better ormwater management.

A.6.2 River divg?%n and stormwater storage in Brunton Park, Gosforth, Newcastle,
England Q‘Q

A.6.2.1 ground

Thier s%“long history of stormwater flooding within Brunton Park residential estate as a co

ISO/TR 24539:2021(E)

Figure A.17 — Completed managed flood plain at Kiling@brth and Longbentor
& o)

catchment area is measured as 1 111 hectares @a population of 39 150 people b
perty occupancy rate of 2,4 persons per property.®

)
.1.4 Organization Q)@
flood risk management authorities } this area collectively established the Noi
egrated Drainage Partnership (NIDP t@acilitate the project. The NIDP is an innovative p3

.1.3.4 Population

orative effort was first identified and recommended as p

heside Sustainable Stu ich was led by the local water and sewerage company t

ased on a

'thumbria
rtnership
ny for the
o develop

art of the
p identify

integrated approach to redggce ood risk and implement sustainable drainage in the noftheast of

sequence

of @verall incapacity in the stormwater drainage system impacting on the performance of the fluvial,
highway, overland and public sewerage systems.

During heavy rainfall events approximately 100 properties in this estate were at risk of flooding from
multiple sources - 74 fluvial, and 61 from a combination of either the surface water or foul drainage
systems. Significant flooding in 2008 (Figure A.18) served to highlight the critical interaction between
river levels in the Ouseburn River and the operation of the drainage systems within the estate.
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Figure A.18 — Flooding in Brunton Park

In investigating these incidents, separate studies were carried out by the members.of the Northumbjria
Integratedl Drainage Partnership to identify the best interventions to reduce flood risk in this area. A
stand-alofe fluvial linear flood defence was determined to be non-cost beneficial while a traditional
“grey” seyver flooding solution was expensive, impractical in the urban aréa;and less resilient to the
needs of the community. The common conclusion was that investment in ‘isolation was not the way
forward tp enable effective flood risk reduction for these residents.

All parties decided to enter into a partnership agreement to work together to reduce the risk of flooding
in the aref from all sources. The agreement allowed the organisations to share funding, jointly procyre
design anfl construction services and work together to deliver<aimutually beneficial scheme.

A.6.2.2 Purpose

The overdll objective of the collaborative approach.was to use innovative and sustainable approaches
to stormwater management in order to produce @design that reduces flood risk while fitting in well
with the local communities, adding to the amenity and biodiversity of the area and accommodating
future grqwth and climate change.

A.6.2.3 Putline

A.6.2.3.1| Scheme

The partnerships were keen.to identify and implement the most appropriate sustainable approach| to
flood riskjmanagement while still meeting their individual business needs. This meant that the scheme
would compprise "blue?,/“green" and "grey" infrastructure.

The joint [project team identified that diverting 360 m of the river channel to create 7 500 m3 space
for surface water storage would also enable a cost effective flood embankment to be constructed (see

Figure A.19).
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posals for the diversion of the channek@eant there would be an inevitable impact on the g

R
TN:E Ouseburn River is situated between the-Brunton Park estate and the city of Newcastle g

Hisruption and associated finangci sk.

peloped to address the cl ajor concerns. The plan included the appointment of an intg
f course designer wthy egrated the proposals into the existing golf course, thereby
g-term enhancemen@(see Figure A.20). By listening to their concerns the partnership m|
ccessfully engage @ embed the golf club within the project team.

Unlderstanding their reservatigé was critical to the progression of the scheme. A mitigation

iver and storage area created from the

bIf course.
bIf course.

ial discussions with the golf club wg\bnegative with the club objecting to the scheme on thle grounds

plan was
brnational
providing
anaged to

Figure A.20 — View of the diverted section of the Ouseburn River next to the golf course
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Elsewhere on the estate and complementary to the river diversion, the scheme included upsizing of
2,0 km of new surface water and foul sewers, a new underground foul water storage tank and further
flood defence walls delivering much needed additional flood protection to the community.

A.6.2.3.2 Benefits

By far the area of greatest benefit is that of flood risk reduction to properties on the Brunton Park
estate where the partnership approach has greatly enhanced the performance of the overall drainage
system.

The scheqme—which—wastompteted i juty 2016 Teducedthe Tiskof property flooding—to oyer
100 propeérties from multiple sources providing up to 200-year protection from fluvial flooding gnd
minimum| of 40-year protection from the surface water and foul systems. By utilizing the additional
capacity |n the new channel, river levels were managed so that properties that have~préviously
experienced flooding were protected during significant storms in January 2016.

The sustajinable approach also provided the opportunity to enhance biodiversity by créeating 3 000 m3
of water dependent habitat and associated planting

The partrership scheme delivered a more effective and sustainable solution, ‘{providing a greater leyel
of floodﬂrotection to properties, wider benefits to the community and\significant environmenital

enhancenjents. The integrated scheme has been delivered at a lower overall cost than can be achieyed
by the indjividual organisations.

A.6.2.3.3 | Performance targets

The scheme is designed to accommodate rainfall events withra return period of once in 40 years for the
sewerage[system and once in 200 years for the Ouseburn‘River (fluvial) (Table A.5).

Table A.5 — Technical information

Design criferia - return period 40-year sewer flooding protection

200-year fluvial protection

Design criteria - critical storms intensity Durations of design storms considered range from 15 min to
8 h for the sewer network and from 15 min to 2 d for the SuD§
storage area

Design crieria - runoff Wallingford runoff has been used with fixed coefficients

An antecedent depth of 10 mm has been used

Asset-relafed solutions The scheme includes 2 000 m of new or upsized pipes of
150 mm to 825 mm diameter

A foul pumping station with local storage and a weir overflow
has been constructed

Surface water is discharged to a 3 000 m3 SuDS storage area
with a throttle pipe outlet control

Non-asset-related solutions and — economic growth opportunities

opportunities . .
pp — community engagement and involvement

— corporate responsibility opportunities
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Table A.5 (continued)

Investigations The scheme has been modelled using an integrated 1D/2D
hydrodynamic modelling software (verified for Brunton Park),
incorporating sewer models from Northumbrian Water and an
Environment Agency river model of the Ouseburn imported
from HEC-RAS

The ground model is based on topographical survey and LiDAR
data

There have been extensive ground investigation and manhole
SUTVEYS

Landscaping of elements of an adjacent golf course hak been
critical to its success and a specialist designerwas engaged for
this purpose

AIZ.BA- Population

Thie population of the Brunton Park estate is 1 266 people with an aréa of 58 hectares. The wider
Ouseburn catchment has a population of 156 588 people over an area of 2'511 hectares.

A.6.2.4 Organization

Thiis collaborative opportunity was first identified and reecommended by the Tyneside Stistainable
Stydy which then led to flood risk management authgrities for this area collectively establishing
the¢ Northumbria Integrated Drainage Partnership (NIDP) to facilitate the project. The NIDP is an
infovative partnership working initiative, with thedocal environmental agency, the local yater and
seyverage company for the area and Newcastle City;'Council as the lead local flood authority working
clgsely together to develop an integrated appreach to reduce flood risk and implement syistainable
drainage in the northeast of England.

A./ France — Real-time contrglof sewer systems for the reduction of combined
sewer overflows in Biarritz

A.7.1 Background

fay

Bigrritz (25 000 inhabitants) is a city located in the southwest part of France, along the gcean. The
seyer network in the-nerthern part of the city is of the combined type and its downstream capacity
is |imited by the capacity of the pumping station (Port des Pécheurs) at the inlet of the wpastewater
trgatment plant.{Two retention tanks are located in the upstream part of the catchment (Kleber and
Mdysonnable, with a total capacity of 34 000 m3). In the downstream part of the network, several
stijuctures offér the possibility to implement a local and reactive control of the filling of two[retention
tamks (Palais’and Casino) for a total storage capacity of 20 000 m3.

Thie coastal area around Biarritz encompasses six beaches along 4 km.

A.7.2 Purpose

Stormwater management is a major issue for the city of Biarritz considering environmental, economic
and touristic stakes. The region of Biarritz (Figure A.21) is the one with the highest yearly rainfall
depth in France. Its sewer network is very reactive to rainfall events that can generate combined sewer
overflows near very sensitive bathing areas, as soon as the rainfall return period exceeds 1 month
(design return period of the sewer network).

Within that context, the objective of the project was to implement an operational predictive real-time
control (RTC) system of the Biarritz sewer network to:

— optimize the functioning of the existing structures and to maximize the filling of the retention tanks
for small to medium rainfall events;
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— reduce the need for building new retention tanks;

while still maintaining the same level of protection against flooding.

Rajn gauge \{:\O
. Y
@ stqrage capacity C)\
¥ ouffall @ ’
mdin pipe OO

nofth catchment O :
NS
centre catchment O%

sofith catchme a

&?‘ Figure A.21 — Simplified scheme of Biarritz sewer system

A.7.3 Outline

The RTC system of Biarritz (Figure A.22) was developed and deployed in 2015. It has been in operation
since 2016.
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Figure A.23 —Main network and facilities of collection system

This globdl predictive RTCrelies on three control strategies:
— dry wieather: the system operates dry weather inflows;

— depoljution: the system increases the filling of the storage capacities and the transport capacitieqg to
minirhize cofitbined sewer overflows while maximizing the volumes sent to the WWTP;

— floodng:this strategy is proposed to the operator when an intense storm event is forecasted or the
retentforn tanks tapacities TeaciT telT Max T capacities.

This is based on these three control strategies, updated every five minutes, that the RTC system defines
the optimized control rules. These control rules are directly sent to the control structures (gates, weirs,
pumping stations) through the SCADA system.

Since its deployment, the RTC system of Biarritz sewer system has allowed to reduce by 40 % the
volume of effluents overflowed to the ocean. This system is part of a global and long-term approach.
The building of new structures will allow to further decrease combined sewer overflows in the
coming years.

The monitoring of bathing water quality also showed a significant improvement following the
deployment of the RTC system in terms of bacterial contamination of water and beaches closure

durations (Figure A.24).
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A.8.1 Implementation of are “time supervision for stormwater facilities operation and
flgod risk management in Nag

A.8.1.1 Background C)O

In September 2000, t kai District experienced the heavy rain of unprecedented severity| so-called
Tokai heavy rain. | oya City, the 24-h maximum rainfall reached 534,5 mm, causing sewer flooding
anfl inundation out 40 % of the city area. At that time, reporting of the pump operation|state was
nof automate @the on-site operation was concentrated to prevent stop of the pumps. As a fesult, the
stdtus rep the main office tended to be delayed. In certain cases, quick response to the customers’
inquiry p0551ble

Aqlé Purpose

The main purpose is to collect information on the pump operation state, the water level in the conduit
or storage facilities as rapidly as possible for utilization in the rapid and adequate response during
disaster. This is in line with one of the objectives of the information communications infrastructure
concept for the entire city, that is, “rapid transmission of disaster-preventive and disaster-related
information.” The stormwater drainage information system of the city Waterworks and Sewerage
Bureau was established.

This system utilizes the sewer fibre-optic network to collect, in real time, the information critical for
disaster control, such as the operation state of each pump, the water level in the inflow pipe, pump well,
discharge pipe, communicating well, the still images of the receiving rivers, and rainfall data figures.
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A.8.1.3 Outline

In Nagoya City, the fibre-optic network is used for the internal office system for the entire city office,
such as document management. In the ward offices, the information system for residents’ registration,

taxation, welfare and so on is operating.

In the city Waterworks and Sewerage Bureau, the information system for remote monitoring and
control as well as for design and estimation, accounting and so on is operating.

The stormwater dralnage information system of the city Waterworks and Sewerage Bureau enables

the staff

Conventidnally, the pump operatlon state has been conflrmed by calllng the pump management d1v1s
one. This in turn enables rapid and adequate response to the inquiry from customers a
od fighting activities. The Fire Bureau (the disaster management headquarters of [the ci
divisions of the city office can view the pump operating state via the “Nagoya City, Stormwa
nformation System” for utilization in the flood control activities.

via telep

during flg
and other
Drainage

The data

method, cpnduit route, and weir height.
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ability an
results fr
measures
period foi
heavy rai

customers are vital in addition to institutional measures,

hccumulated at present is utilized for re-evaluation and improvement ofthe’pump operat

ya Municipality proceeds with the “Emergency Stormwater Imprevement Project” for {
re remarkable flood damages occurred during Tokai heavy raifs at the end of August 20
and the areas where urban functions are concentrated. Nagoya City is-mainly enhancing the pu
1 building stormwater reservoirs based on the project. Some areas have already shown gg
dm these measures (Table A.6). These institutional developments are the core of flood cont
but their achievement level is limited. Besides, large: scale measures will require a la
implementation. Accordingly, for further mitigation~of the disaster in the situation whe
s exceeding the developed level occur frequently,‘the self-help and the mutual assistance

Table A.6 — Example of projectieffect (example of the result)

on

he
D83,
np
od
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ng
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of

District Yamato district, Chikusa Ward
Measures Installing a stormwater reservoir
(Volume: 4 000 m3)
Tokai heavy rains at the end 4 September 2013
Date of the heavy rain of August 2008 (after measures completed)
(before measures completed)
Maximum hourly rainfall.(mm/h) 95,5 94,0
Damage fof the flood Inundation above 24
floor level
(numbsq r to fliving Inundation under 40 4
uhits) floor level
Since 1 Juhe:2006, the Nagoya Municipality is providing a part of the stormwater drainage informatjon
UCtorinazatar LAMAMIZIIN dnforpatinn” 1o +ha Divnoa’c naga +ao tha o~ct o ors

system as

OTOTTITvvacceT

IALO.
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(Figure A.25). This system is designed to collect data by utilizing the sewer fibre-optic network. This

page gets 10 000 website traffics per month in high season.
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Figure A.25 — Example of the webpage about stormwater (AMAMIZU) information

8.1.4 Organization

Nalgoya city waterworks and sewerage bureau.

A.8.2 Implementation of the stormwater management strategy in Niigata City

the Agano

; rafye A v eed damages
(Flgure A. 2 ) After the heavy ramfall (w1th the maximum ramfall 1nten51ty of 97 mm/h) on 4 August
1998, which caused above and below floor inundation of as many as 10 000 houses, the underlying level
for development of the sewer system stormwater plan was reviewed. Namely, the rainfall intensity has
been increased to 50 mm/h for promotion of improvement of the facilities, such as storm sewers and
pumping stations. However, recent increases in localized heavy rainfall and accelerated urbanization
have resulted in large volumes of stormwater runoff within a short period. There is a limit on handling
of all stormwater by means of stormwater drainage only.

The Niigata municipal authorities considered the stormwater runoff control effective as a complemental
approach for development of the stormwater facilities. The authorities are engaged in flood control
measures while working hand-in-hand with the private sector by installing stormwater storage and
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infiltration facilities inside the public facilities and by providing the subsidization scheme for the
infiltration inlet and the stormwater storage tank to be installed in the residential premises.

A.8.2.2

The purp

A.8.2.3

A.8.2.3.1

The Stormwater Drainage Suppression Study €ommittee for the implementation of the Niigata Minaz{

Plan was
of the dra
activities

A.8.2.3.2

The infilty
control fa

state of tHe area where‘installation of the infiltration facilities is necessary, including steep slopes a

selection

A.8.2.3.3

Figure A.26 — Flood damage (4 August 1998)

Purpose

Dutline

General

prganized by the concerned mumnicipal agencies. This committee undertook the preparat
fft guideline for storm runoff centrol facilities for public-facilities improvement, developm
hnd review of the development effects.

Preparation of the-infiltration area map

Cilities. This wasyconsidered necessary for understanding the ground conditions and draing

pf the facilities appropriate to these factors.

Operation of the draft technical guideline for storm runoff control facilities

se of this project is to implement the Niigata Minazuki Planywhich is the basic plan to identji
the stratejgy for stormwater runoff control and the use of stormwater in the future, as comprehens
independ¢nt and mutual-assistance flood control measures.

ve

hki
on
bnt

ation area map was-prepared as a specific means of review on installation of the storm runfoff

ge
nd

To promo

=1 1 . Faliih | VTl 1-£ Ch e 1 1 1 . 1 =1 1
LC WIUC d[)pllLdLlUll O LIIC STOI'IT T'UIIOIT COIILT O TdCITIUIES pUblLlVﬁly, LIIC LECIIITIC Al gulut‘uuc

as

drafted, which summarizes the technical requirements for planning and design up to construction of
the facilities.

A.8.2.3.4

Installation of the storm runoff control facilities

To control storm runoff from the premises, installation of the infiltration inlets and the stormwater
storage tanks in the public facilities as well as provision of the storage infiltration facilities utilizing the
school playground are promoted. The subsidization scheme has also been implemented in which the
municipality will absorb a part of installation costs of citizens for installation of storm runoff control

facilities i

42

n the residential area.
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By the end of 2011, the stormwater storage and infiltration facilities were installed in 65 school
grounds, attempting to mitigate loads on the surrounding stormwater facilities by reducing the peak
flow during rainfall. Thus, direct runoff of stormwater falling on schools can be prevented, resulting in
reduction of complaints from the local citizens.

The total volume of stormwater controlled by the storm runoff control facilities in the residential areas

and public facilities was about 109 000 m3, equivalent to about 380 25-m pools.

A.8.2.3.5 Establishment of the maintenance method for infiltration facilities in the residential

darea

Mqare than a decade has passed since the beginning of the subsidization scheme. The next
mdintenance of the infiltration facilities installed in the residential areas. The infiltration i
lorjg elapsed years may possibly suffer deterioration of the infiltration function dueyto’blocK
infliltration layer. For maintenance of the infiltration facilities in the residential’area, the
m4dintenance method must be established because it tends to be outside thel\reach of, foy

administration and cleaning, and tends to be totally dependent on the installer.

In

are
me
an

Niigata City, the field test was conducted using the existing infiltration facilities in the
ba for the purpose of verifying these facilities, such as reviewingrecovery of infiltration
ans of cleaning, identification of the causes responsible for deterieration of the infiltratio
 so on. The questionnaire survey was also conducted for installers, surveying the mainten

subject is
hlets with
ing of the
adequate
example,

esidential
effects by
N capacity
hnce state

of Infiltration inlets in the residential area.

A.8.2.3.6 New challenges toward mitigation of flood damage

to reduce
roof plate
stem was
n ratio in

In
thg
ing
sta
res

Niigata, the focus is placed on the support for the.8elf-help measures taken by the citizens
 flood damage, in addition to promotion of the storm runoff control measures. The waterp
tallation subsidization system was started in~2008 and the house raising subsidization sy
rted in 2009. In 2011, the subsidization system was expanded by raising the subsidizatig
ponse to flood damage due to the Niigata Fukushima heavy rains.

A.T.2.4 Organization
5

Nijgata city sewerage bureau.

A.
in

B.3 X-band radar observation and forecast for stormwater and flood risk man
Osaka City

agement

A.8.3.1 Background

In fecent year's, concentrated heavy rainfalls of more than 50 mm/hour called “guerrilla squallls” (local,
su@lden, intense and short-term rainfalls) have occurred more frequently. This has led to mqre widely
reportedroverflowing riverbanks and flood damages. For example, the drowning incident i the Toga
Riyer.in Kobe’s Nada ward and the record-breaking 77,5 mm/hour rainfall recorded in Ospka on 27
Aug 0 areteedby—te—o Regtor eadq < he -Me sieal-Agency) are
novel events in the public memory.

Q d Q o - \V/ alao

In Osaka, 90 % of the city’s geographical area requires pump drainage to drain rainwater, meaning that
flood prevention measures are an extremely important policy issue. One element of these measures
involved the installation of independent radar and application of pump operation support, but due to
facility deterioration, upgrades were required.

High-resolution radar with a high update frequency is needed to predict the guerrilla squalls that occur
locally and suddenly. A radar using C-band (frequency 4 to 8 GHz, wavelength 37 to 75 mm) capable of
detecting the range of about 200 km radius at intervals of 5 minutes has already been installed by MLIT
(Ministry of Land, Infrastructure, Transport and Tourism), but in order to capture the guerrilla squall,
its update frequency and resolution were insufficient.
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A.8.3.2 Purpose

The original X-band (frequency 8 to 12 GHz, wavelength 25 to 37 mm) radar system was installed on the
roof of the Oak Building in Bentencho. It began operation in 1993, and was useful for pump operation
support. The original system used short-wavelength electromagnetic waves known as X-band waves,
but it was easily affected by rain attenuation. Due to this, at times, the system recorded less rain behind
areas of heavy rainfall than was actually present.

Therefore, in accordance with updating of this radar, it was necessary to develop and install a new
radar which is not easily influenced by rain attenuation, has sufficient update frequency and resolution,

afficiant numan anaratinn contral
and more g P pe

A.8.3.3 Putline

A.8.3.3.1| Development of new radar

Earlier types of radar emit only horizontal single-polarized waves of X-band. However, the new radar
was designed to emit two types of radio waves in the horizontal and verticalditections in order|to
limit the impact of rain attenuation. With this dual polarized wave, strong rainfall observation became
possible, dnd observation accuracy also increased. In addition, observing changes in the raindrops, gnd
as a result, quantitative observation of rainfall became possible. This d@ial*polarization radar is also
called MP|radar.

Correctiof by the ground rain gauge was indispensable for the X-band radar before updating and mgny
ground rgin gauges were necessary, but the new X-band MP radar will possibly come to demonstrate
sufficient precision with a smaller number of ground rain gauges.

The observation range of the installed X-band MP radar i$:80 km radius, the update interval is 1 nlin,
and the rgsolution is 250 m mesh.

A.8.3.3.2 | Utilization of radar observation data

Measurenpent data from precipitation radat.is’sent to central monitoring rooms for sewage treatment
plants anfl pump stations. The radar is‘used as operation support to optimize operation of waler
drainage pumps, and is also used as a mobilization system during disasters or at times when warnings
and alertq are issued. When stormwater influent to sewage treatment plants and pump stations can(be
predicted|in advance, pumps are putinto preemptive standby operation (full capacity) and preparat¢ry
work such as turning operation of engine pumps is conducted. Furthermore, in cases where hedvy
rains are [predicted, the waten Tevel in pump wells is reduced to a low level to prepare for a sudden
influx of ptormwater. At the Department of Construction, precipitation data are transmitted aldng
with infofmation on cisculation pumps, stormwater drainage pump operation, river water levels, dnd
the closing or opening-of sluice gates. Previously, the Department of Construction had an independent
network ffo transmit precipitation data internally, and this information was transmitted to dedicated
terminals| installéed in monitoring rooms at sewage treatment plans and pump stations. Howeyer,
following[the\upgrade, data are sent to the notebook computers used for everyday duties using the
existing departmental network. This obviated the need for the independent network and dedicated
terminals, resulting in reduced maintenance costs.

Precipitation data are not only transmitted within the Department of Construction, but are also
transmitted to citizens via the internet and fax. Because time was required for information processing,
within the Department of Construction, data were updated once every two minutes, while data
transmitted to citizens were updated every 10 min.

Following the upgrade to the precipitation radar, data transmitted to citizens are updated by the
minute, and rainfall intensity is expressed verbally in four levels, “violent rain,” “heavy rain,” “moderate
rain,” and “light rain,” and numerically in eight levels. Information is sent to citizens over the internet
and mobile phone networks, and when alerts or warnings are issued regarding heavy rain, faxes of
precipitation data are also sent to registered members. Precipitation data are sent out as self-help
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support, and underground and low-lying areas are evacuated first, or protected with sandbags.
Sandbags are loaned out by the Department of Construction’s Engineer Management Office.

In addition to the Kinki region (within 80 km), Osaka Prefecture (within 40 km), and Osaka City (within
20 km), precipitation information is also distributed for each administrative district. Based on river,
railroad, and highway information, each person can easily check the precipitation status at his or her
current location. Though rain movement is not predicted, a history function has been added, allowing
users to predict rain movements for them to a certain extent by viewing the rain movement history.

For 1nternal sewer p1pe work, the status of the mains can be checked so construction can be halted if

A i A ain begins to
, S0 care must be taken nghted blllboards are 1nstalled near ea51ly flooded areas such aswjverbanks
an:l underpasses, to make warnings and alerts more visible. Currently, warnings are\issyied based
on[measurements from water level gauges installed nearby, but in the future, rainfall predjction and
detection will enable warnings to be issued earlier. It is hoped that application ofiprecipitation radar
will allow early detection of upstream rainfall, making damage control possible;

A.8.3.3.3 Future issues

To|improve measurement accuracy, actual measurement data was verified in 2012. Another future
application of X-band MP radar data under consideration is sewer”pipe influent forecadting. It is
expected that by combining this with precipitation forecasts, puthp operation can be optimized. The
nep radar is useful not only for flood protection, but also foraneasuring total rainfall and total inflow,
enpbling improved confluence operation through retention’pperation when mains have roonj to spare.
However, the possibility of a guerilla squall occurring.during retention operation poses |a risk, so
refention operation should be conducted with a certaifi-margin of error. It is also hoped that influent
forlecasts will enable automated operation of rainfall drainage pumps.

To[implement these applications, quantitative.theasurement of precipitation must be reljable, and
the precision of precipitation forecasting and“influent forecasting must be improved. Impgrovement
in [precision will reduce the instance of false warnings and mobilization alarms. In additfion, three
diensional measurement and coordinated operation with MLIT’s X-band MP radar rhay allow
detection of the formation of sudden guerilla squalls even when no rain has been predicted enabling
fagter disaster control.

Fufure issues for X-band MP radar are precision improvement and operation method optimizption.

A.8.3.4 Organization

Ospka City Department of Construction Administration Division, Facilities Section.

A.8.4 Implementation of a flood risk protection strategy in Tokyo

A.8.4.1 . Background

In [recent years, heavy rainfalls exceeding predictions have become more common throughput Japan,
and 1n light of this, the Flood Control Act and the Sewerage Law were revised in 2015. These revisions
establish a system for predicting, to the greatest extent possible, the regions where the highest volume
of runoff and worst flooding will occur. In addition, the revisions determine flood damage control
regions while soliciting private cooperation where possible in promoting flood control measures.
Beyond this, runoff and flood control guidelines (known as the “Seven Stars”) were set out along
with the legal revisions. By identifying areas most in need of flood control measures, these guidelines
endeavour to minimize flood damage by improving the efficiency of hard measures in combination
with soft measures and self-help.

The first basic sewer plan for the Tokyo Metropolis was set out in 1908, and sewers have functioned in
part to drain rainwater in order to prevent flooding since that time. Since 1970, sewer infrastructure
has been upgraded to manage rainfalls of up to 50 mm/h. However, rainfalls exceeding predictions have
been occurring frequently, and within the past 30 years, rainfalls of more than 100 mm/h have been
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recorded, causing substantial flood damage. Due to this, Tokyo’s Bureau of Sewerage partnered with
the Bureau of Construction overseeing river work and the Bureau of Urban Development overseeing
urban planning to create the “Tokyo Metropolitan Torrential Rain Measures Basic Policy,” published
in 2007. The policy was then revised in 2014 based on subsequent heavy rains, and measures against
heavy rain are now being implemented with full force.

The policy sets a future goal of 100 mm/h rainfall, while also setting practical goals for upgrades to
river and sewer infrastructure, falling mainly under the following holistic initiatives:

— Identify specific regions for river and sewer infrastructure capacity upgrades.

— Prompte installation of storage and infiltration facilities, including on private land, in watersHed
areas

— Implement flood control measures for underground spaces.

Implemerlfing this policy will include fleshing out plans for flood control measures.in large-scple
undergroyind urban spaces, and raising awareness of the dangers posed by floading. Regarding
initiativeq to notify the public of areas where flooding is predicted in the event,ofdainfall in excesq of
100 mm/kh, and initiatives to provide information on precipitation sewer pipe/water levels, the revided
Flood Corftrol Act and Sewerage Law will serve as valuable resources in adapting to the new system, as
explained|in detail in the next subclause.

A.8.4.2 Purpose

In order t¢ protect human life and assets from inundation damage,hard and soft measures are graduglly
developed. The project is divided into three stages as it is expected that a long term and a large cost will
be requir¢d until the final achievement of the project (TableA.7).

Table A.7 — Purpose by stage, target rainfall, control methods

Purpose Standard Targf:‘ t"r ain- Control method
Stage 3 Life saving Life saving Extreme Strengthen evacuation policies
Reduce asset damage |Preventinunda- |75 mm/h River and sewerage infrastructurg
4 to protect municipal |tioh*above floor (public), housing design and urbar
Stage ? . . .
functions level planning measures (public and
private)
Prevention of asset Prevention of 60 mm/h River and sewerage infrastructure
Stage 1 damage flood damage (public), flow control measures
(public and private)

A.8.4.3 Putline

A.8.4.3.1| General

In addition to combining measures to be implemented by each major party at each phase, the policy
identifies specific regions as focus points for measures. Practically speaking, this means selection of
areas where precipitation and flood damage are likely to be severe, and specification of those regions
as watersheds requiring stronger measures (rivers) and districts requiring stronger measures (sewer
systems). River and sewerage infrastructures in these regions will be upgraded.

Regions where sewerage infrastructure will be upgraded include four districts requiring stronger
measures to handle up to 75 mm/h, six districts requiring upgraded measures to handle up to 50 mm/h,
and nine districts requiring measures for underground spaces, for a total of 19 selected regions.
For areas outside of these selected regions, sewerage facilities with a capacity of 50 mm/h will be
installed, and the capacity will be raised to 75 mm/h through a combination of hard and soft measures
undertaken through public-private partnerships. To achieve this, in districts and underground spaces
requiring upgraded measures with a capacity of 75 mm/h, sewerage facilities (public, hard) will be
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upgraded to handle a capacity of 75 mm/h. Flow control measures and measures involving housing
design and urban planning may be implemented in both districts earmarked for special upgrades, and
in other areas. Implementation of such measures will raise the total capacity of the measures to above

75 mm/h. (Figure A.27)

Dimensions in mm/h

Y
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b) Regions earmarked for special measures

Key
1 evacuation measure strengthening 6  evacuation measure strengthening
2 housing design and urban planning measures 7  housing design and urban planning measures
3 river infrastructure (storage facilities)/ 8 sewerage infrastructure (downstream facilities/
sewerage infrastructure storage facilities)
4  river infrastructure (downstream facilities)/ 9  watershed measures
sewerage infrastructure
5 watershed measures X time period
a  Time ¢f establishment. Y mm/h LN
b About|30 years. Qq/
¢ Current. bel/
d  About|30 years. b(‘r_;b
Figure A.27 — Breakdown schematic of the role of each meigr(ell
O
A.8.4.3.2 | Sewers with a capacity of 75 mm/h: real examples \\6

Sl

installed include four urban distrifts

A.8.4.3.2.1 Facility planning/design methods

Regions where infrastructure with a capacity of 75 mm/h will
and nine inderground areas, for a total of 13 reglons (The naitie of the districts where measures will
be strengthened to 75 mm/h was changed to “Urban Me e Districts” under the 2016 managemént
plan.) WHen planning and designing sewer pipes wit s§'capac1ty of 50 mm/h, runoff volume was
original calculated using the rational runoff formula, the cross-section of supplementary expansjon
pipes was| calculated so that both existing pipes an lanned expansion pipes would have a free wafer
surface. I} order to plan and design a capacity ofs@mm/ h for this system, the capacity of existing pipes
must be ufilized to maximum extent. To achieve-this, a runoff analysis simulation was used to calculate
the dynarpic water level in the pipes, and(.él)ii value was used to calculate the scale of the expansjon

pipes and|storage pipes. (Figure A.28) .

-

\‘:\\: -~ - ;:: “Q\\ == R
it >~ alnfall of 75mm/h

River discharge
site

Lower water level to
below ground level

—Ex1st1g sewer pipes

Capacity Raised to 7Smm /h
through a combination of
existing and expanded
sewer pipes

Expanded sewer pipes

Figure A.28 — Example installation of infrastructure with a capacity of 75 mm/h

A.8.4.3.2.2 Urban Measure Districts: real example

Sengoku in Bunkyo Ward and Minami-Otsuka in Toshima Ward will be used as real life examples of
Urban Measure Districts. In these regions, a second Senkawa sewer main (including two channels, one
with an internal diameter of 1,7 m and one with internal dimensions of 5,0 x 3,6 m, with a total length
of approximately 7,0 km) will be installed to supplement the existing Senkawa sewer main (including
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two channels, one with an internal diameter of 1,0 m and one with internal dimensions of 5

,3x3,1m,

with a total length of approximately 7,0 km) to raise capacity to 50 mm/h. The watershed area for both

these mains will be approximately 450 hectares.

A model was created showing the existing pipes for the entire area, including branch pipes, and a
simulation of 75 mm/h rainfall was conducted, to calculate the scale of expansion pipes. Expansion
pipes will split the flow of rainwater with existing pipes, and the overall scale will have an internal

radius of 3,75 m and an extension of 4,8 km.

In addition, restructuring work is currently underway on a portion of the existing Senkawa

the—cross-section of this main was modelled based on the future scheduled cross-section

main, and
following

completion of the restructuring work.

In pddition to the simulation, candidate shaft sites were selected, and after a route was|considered, the

overall plan was created, as shown by the red line in Figure A.29.

Fufthermore, since the entire plan calls for the scale necessary to handle a capaeity of 75 mny/h across
the¢ entire watershed area, including the restructured existing Senkawa main ‘and the brandh pipes, it
is planned that installation will be conducted in phases, with areas wheré measures are deemed to be

mqst effective given first priority.

Practically speaking, areas which may experience rainfall causingisevere flood damage include 2,5 km

of the total 4,8 km pipe extension, and shaft excavation is scheduled to begin in 2017.
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Current Installation
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expanded main

_____ ex{sting Senkawa main

_____ ex{sting no.2 Senkawa main

Sepkawa/no.2 Senkawa main-watershed

shaft

Figure A.29 — Senkawa expanded main outline

A.8.4.3.3 | Evacuation measure strengthening: real examples
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5 Y ¢ ) Y Y

purposes, Bureau of Sewerage initiatives include the revision of predicted flood areas, Tokyo Amesh,

and the provision of information on water levels in sewer mains.

A.8.4.3.4 Revision of predicted flood areas

Since 2001, the Tokyo Metropolitan Government has used the Tokai floods of 2000 as a guideline for
creating a flood prediction diagram showing river overflow, sewer flooding, flood scale, and flood
depth, to be used as an aid to flood damage prevention and swift evacuation.

In line with the revision of the Flood Control Act and the Sewerage Law, updates to this flood prediction
diagram are currently being considered, including a switch from matching the Tokai flood records to
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matching the maximum predicted scale of rainfall, and an update to reflect newly installed river and
sewer infrastructure.

A.8.4.3.5 Tokyo Amesh

Tokyo Amesh is a facilities operation management system which was introduced in 1988. Data from this
system was released to the public starting in 2002, and it has been useful in organizing the activities of
Tokyo residents during rainstorms. From April 2016, the resolution of the display grid was increased
from 500 m to 150 m, and the rainfall intensity display resolution was increased from eight levels to
10 levels. Slight drizzles which were not previously displayed are also made visible under the updated
sy$tem.

N
In jaddition, starting in April 2016, a smartphone version of Tokyo Amesh was relea?!l’o the public
vig the system website. This includes improved operability and visibility suitable fo% artphones, and
addlition of a GPS function allows display of current location and registration of oegé:; pecific|locations.

(Figure A.30)
q/b‘

Key
current locati
registeredilecation
registered’location
R

%) Figure A.30 — Smartphone display

A.8.4.3.6 Sewer main water level information

To handle flooding from heavy rains, it is extremely important that data on the water level inside
sewer mains can be measured and provided to the district in charge of flood control management to be
used for flood control measures. To achieve this, since 2002, upon request of each district, the Bureau
of Sewerage has been using its fibre-optic network to provide information about the water levels in
shallow mains and other mains with a high risk of flood damage.

Currently, water level information from eight sewer mains is being provided to the concerned parties
in six districts (Figure A.31), and some of these districts have been publishing this information on their
public web pages. Going forward, the service will be provided for an increasing number of sewer mains.
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Water Level 1 1| ;
|1 Togashi Park

Shinagawa Ward
Office

Oimachi

Station

B water
Level 8

Tachiaigawa main

Water Level 2 Water Level 5
Ebaramachi

H?jt;no Station = Water| Y
Statiop """"l-l-.___' = Level 4 !

Water Level 3

Water Level 9
Water Level 6

Tachiaigawa o
main(bypass) (-]/\’)s

{A\"-

Figure A.31 — Water level information examples (Tachiaigawa Main)

For the npost part, only flood control personnel are notified of rainwater flood levels requiring

special w

irning under the Flood Control Act, mainly for evacuatiop-parposes, but the public will a

be informed as needed. However, information on sewer main watervevels is disclosed mainly for {

purpose q
personnel

A.8.4.3.7

The Bure

f supporting flood damage prevention measures, and\as such is provided to flood cont
and to the public on an as-needed basis.

Watershed measure initiatives/flood damage reduction initiatives

hu of Urban Development, which oversees\tirban planning, has taken the lead in promot

watershed measures to control the flow of rainwater into rivers and sewer systems, and housing des
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[€ase communication among admir Fator Figure A.o2
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Outline of target facilities

Flood prediction
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Evacuation guidance

Underground flood prevention measures
Disaster-awareness education
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Chapter 4
Chapter 5
Chapter 6
Chapter 7
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Figure A.32 — Shibuya Underground Flood Control Plan (July 2015)

A.J:L.B.B Further rain control measures based on legal revisions

er the revised Flood Control Act, “rainwater flooding” from runoff is clearly defined in th|
the law. Therefore, it will be more important than ever to promote ce0peration among
icerned with flood prevention, while also promoting partnerships, with the adminis
derground spaces.

U

im|
pa
trg

il now, in Tokyo, the Bureau of Sewerage has worked with the Bureau of Urban Devel
lement measures against heavy rains. Going forward, inforfration must be shared among

Fties, and relationships among concerned parties must bestrengthened, while improving in
nsmission methods, and promoting clear and precise crisis management.

A.8.4.4 Organization

To

A.

kyo Metropolitan, Bureau of Sewerage, Plannifig and Coordination Department.

B.5 Source infiltration promotiondn Yokohama

A.8.5.1 Background

(0},
Yo
as

Ho
url
Vo
ad

To
pr

er 150 years since the first §tormwater drainage was built in 1861 within the sewerage
kohama city, almost all of the-city area is now covered. Previously, the sewerage system has
the city has expanded.

wever, in recent years, as stormwater infiltration function has declined due to further prog
banization, resulting from problems such as additional flooding due to an increase in surf
ume, and a deterioration of a sustainable water environment due to decreased groundwat
epletion ofispring water.

find selutions to these problems, the cooperation of residents was required, due to restn
pjects\Costs and premises causing limits to the response by pubic authorities.

e purpose
r agencies
trators of

pment to
roncerned
formation

system of
upgraded

ression of
hce runoff
er level or

ictions on

A.

.5.2 Purpose

It is necessary to increase the infiltration of stormwater for reduction of ground surface runoff and
groundwater recharge. Therefore, a subsidy system that makes it easier for residents to cooperate in
the deployment of infiltration facilities was introduced, aiming to increase the amount of stormwater
infiltration.
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A.8.5.3 Outline

A.8.5.3.1 Submission of the confirmation document concerning installation of infiltration inlets
on the premises is the basic requirement.

Anyone requiring new construction or reconstruction are requested to make necessary entries of the
“Adequacy of installing infiltration inlets on the premises,” “With/without wish of installation” in the
confirmation document concerning installation of infiltration inlets on the premises for submission to

the Civil Engineering Office (Figure A.33).

A.8.5.3.2

The subsiflies will be increased to reduce the cost\burden for installation (Table A.8).

Figure A.33 — Infiltrationinlet

Table A.8 — Subsidies-for installation of infiltration inlet

Reduction of the burden on the installers

Inlet nside

Current (Japanese Yen)

=

diameter . New Relocation
installation
150 mm 7 000 22000
200 mn] or more 10000 29 000

A.8.5.3.3
revised.

The map for‘determination of whether or not the infiltration facilities are installed, which is intend
to provid¢ a—guide to determine adequacy of installation of the infiltration facilities will be revised

After revision (Japanese Yen)

New ]
installation Relocation
15000 28000
18 000 31 000

The map'for determination of whether or not the infiltration facilities are installed 1

ed
in

such a manner that the locations concerned are colour-identified as “Installable location (in green)” and
“Non-installable location (in white)” on the basis of combined elements of geological characteristics,

topography and so on (Figure A.34).

A newly revised map can be viewed in the “Daichan Map,” an administrative map information on the
Yokohama Municipality website.
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ated in the southwest part of Japan and norther t of Kyushu.

Figure A.34 — Permeable suitable map

kohama city, Environmental Planning Bureau.

8.6 Implementation of the stormwater manageme

1963, five cities merged to create the city, which is the birthplace of a number of large

mpanies. R\

l&ﬁ%land overlooking Hibikinada Sea, and during th
an flood disaster in 1953, this s K d great damage and many fatalities. After the devel
akyushu city, in order to prevent similar flood damage, improvement of the river and dey
sewerage have been promoted: In order to efficiently proceed with flood control and prop
atment, the city centre ed a combined sewer system, using the parameter of onc
e years rainfall (50 m as planning standards. By the 1980s the sewer in the central
host completed. In vthe sewer rainwater plan was amended to include design rainf
Ce in every 10 ye 3 mm/h). This caused the need to improve the existing combine
1 to promote @arate sewer systems throughout the city. However, in recent year
reeding 50 has been increasing each year due to climate change caused by global

s change of annual number of times rainfall exceeded 50 mm/h in Japan. [
2009 and 2013, heavy rain exceeding 70 mm per hour, 150 to 300 houses werd
floodi@ igure A.36 shows flooding situation in 2018 and Table A.9 shows rainfall and flod
mber i 2009 and 2013.
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Figure A.35 — Annual number of times rainfall exceeded 50 mm/h
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Figure A.36 — Flooding situation in 2018 b((_)

:

Table A.9 — Rainfall and flood damage number in 2009 a?\&B

DAt Maximum rainfall intensity Total rainfall \%%od damage number
e mm/h mm e houses
July 24-26, 2009 79,5 4515 X 319
July 3 2013 73,0 — 147
N
A.8.6.2 Purpose Q

In Kitaky

heavy raifs in recent years, we have formulated a cox@)rehensive stormwater management plan wh

includes dsset-related solutions and non-asset-related solutions. The asset-related solutions inclu
implemenlting sewerage facilities such as sewe pumping stations. The non-asset-related solutig
involve diftributing disaster maps and cond{\ g disaster drills in collaboration with citizens.
A.8.6.3 Putline ‘e

The comp

related solutions and non—asse&s ted solutions.

A.8.6.3.1
are as fol

Control off

efficig

contr

ushu city, in order to reduce the damage ¢ s}éd by floods with short-time concentraf

rehensive stormwater ﬁhagement plan formulated by Kitakyushu city consists of asg

0

The purpose @} method of asset-related solutions and non-asset-related solutions
ows.

inundar@y asset-related solutions:
nt val of stormwater: construction of new sewer and pumping stations;

@f runoff of stormwater: construction of stormwater storage facilities and infiltrat

ed
ch
de
ns

et-

on

facilities.

Non-asset solutions in cooperation with citizens:

disaster maps and disaster prevention drills to promote cooperation with citizens;

— preparation of sandbags and flood defence barrier by citizen's self-help.

A.8.6.3.2 Comprehensive stormwater management plan

The comprehensive stormwater management plan consists of both asset-related solutions and non-
asset-related solutions, and specific concrete techniques and measures are shown in Table A.10.
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Table A.10 — Stormwater management plan

Area

Techniques/method

Target

Asset solutions

Improvement of
downstream capacity

New/increased
construction of facilities

Pipes, pumping stations

Control runoff Collection Stormwater reservoirs
Infiltration Pavement, inlets, others
Non-asset Instruction/guidance Housing development
solutions on land development
Looperation with resiaents mrormadation snaring Hazard madap, lnI(K ation
on web 0.
Voluntary activities Flood defem)&grr er,
sandbags, .
o0
A.8.6.3.3 Case (1): Improvement of downstream capacity (1/b‘
In prder to avoid traffic congestion due to construction, the constructio ég‘ new stormwatdr sewer is
adppted a non-excavation method. Figure A.37 shows the constructio the sewer main by|the shield
copstruction method. The inner diameter of the sewer is 3 400 mm{the extension is 1 500 fn and the
indtallation depth is 20 m underground. Also, in order to respm&t sudden rainfall, we afe moving
fofjward with renovation to a pre-standby type pump. The prﬁt dby type pumps operate|the pump
at full speed before stormwater inflow, so it is a pump that@ drain immediately when stormwater
flows in. Figure A.38 shows a stormwater pump of the priQandby type.
Y oga—iu (N
o
Figure A.38 — Improvement of pump
© IS0 2021 - All rights reserved 57


https://standardsiso.com/api/?name=0984cdb9eb0aefbf81e8b85523babef6

ISO/TR 24539:2021(E)

A.8.6.3.4 Case (2): Control of stormwater runoff

A.8.6.3.4.1 Asset-related solutions

In order to control the amount of stormwater runoff from the catchment basin, we are using a flood
control reservoir and an existing reservoir to develop a multipurpose rainwater reservoir.

Figure A.39 shows a flood control reservoir underground in the park.

Figure A.40 shows multipurpose utilization of open reservoir.
L~ i - LN

g o g e 5
4 ¥
i S
coooood e
3 ngnooom

2
Figure A.39 — Underground §?;£}nwater reservoir
.\Q,

A.8.6.3.4.2 Non-asset-related solutions

In order to control the amount of stormwater runoff from new development housing area, Kitakyushu
city enacted instruction and guidance on development for developers.

This instruction/guidance regulates that the developers should provide stormwater reservoirs when
housing areas are developed.
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A.8.6.3.5 Case (3): Measures by cooperation with citizens
The government is in charge of the following actions:
— Create and distribute a flood disaster map by flood simulation of the area.

— Deliver real-time information related to flood disaster, such as live images of rainfall observed in
the city, water level of river and flood condition of river via the internet.

Figure A.41 shows information provided by government.

P ¢ —

WD TTRLRILEY,
A R W e

Figure A.41 — Infm;ggtmn (hazard map)

Thie activities that the residents implement t&’@ther with the administration are as follows:
—| preparation of sandbags and flood dé@lce barrier and installation of them before rain;

—| preparation of evacuation reg@bcﬁt the time of flood damage and implementation of gvacuation
drill. .

Figure A.42 shows resident@ities.
O,C)'rrrﬂr 7

Figure A.42 — Residents activities (flood defence barrier, instruction)

To the end, in Kitakyushu city, the only model in the Asian region has been selected by the United
Nations from the OECD in April 2018 as the “model city of the world for promoting SDGs”, promoting
civic safe and secure city planning. Using the know-how of sewage service accumulated over the years,
we are actively working on solving the water problems especially for the Asian region.
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A.8.6.4 Organization

Kitakyushu city, Water and Sewer Bureau.

A.8.7 Implementation of an early flood warning system in Toyama City

A.8.7.1 Background

The Kureha district of Toyama City, Toyama Prefecture (area 200 ha, Figure A.43) has experienced
repeated damage from heavy rains. In particular, the heavy rains on July 25 2013 caused heavy
damage. arious measures must be taken to reduce damage, such as upgrading river 1ntrastructurf\? nd
increasing sewer capacity. However, because these measures incur high costs and require a long time
period forjimplementation, a policy was also considered whereby residents are encouraged tq‘% e part
in self and mutual aid. In 2015 MLIT (Ministry of Land, Infrastructure, Transport and Tourism)-has bgen
promoting a sewer innovation technology project targeting the Kureha district entitl tormwater
Managemgnt Technology for Localized Heavy Rains in Urban Areas.” Part of the pr; includes the
creation df an information notification system in which residents support self and lﬁlﬁal aid.

Flood damage in Kureha District (Rainfall intensity 44mm/h and 23m
\ Shi”kafi River |
Re—

Omin)

D Demonstration }@
Toyama City, K a district

.& (Kureha Shil@urr?%achi)

ureha
orage

=

@ure A.43 — Overview and flood map of Kureha, Toyama City
A.8.7.2 P@pcsc

This project has two purposes. The first is to develop an information notification system for the Kureha
district of Toyama City. The second is to use the system to provide information that can support
residents engaging in self or mutual aid, thereby reducing flood damage.

A.8.7.3 Outline

A.8.7.3.1 System development

The information provided by this system is shown in Figure A.44. The system provides three types
of information: rainfall information, water level in sewer conduits, and flood predictions. Rainfall
information is based on readings from three small-scale radar units installed in Toyama City. The
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radar-based rainfall information is used to issue short-term rainfall forecasts for the next 10, 15, and

25 minutes.
Rainfall As 0f 9:00 AM, Area Status > Area Detail: Kureha Marutomicho Area Status > Flood Forecast Map L.J-"""
January 29,2016 | Water

Level As 0f 9:00 AM, January 29, 2016

40 2.5
Current Water Level: 50%

30 2
2
P

0 min 40 min 20 min Present 20 min
rior prior  prior  time later

B crual B Ppredicted
Rainfall Rainfall

Flood Forecast Map

Display Flood Forecast Map

60 40 20 Present 20
min min min time min
prior prior  prior later

RN ]

m O

a)|Rainfall measurement graph b) Water level measurement

graph

Figure A.44 ~<Information provided

A.8.7.3.2 Information notification. method

c) Flood forecast map

Refkidents were issued tablets to support resident-initiated self and mutual aid, as shown in Figure A.45.

Kureha District
Disaster Workers

Anti-disaster brigade chief in

Kureha

Supports neighborhood council
anti-disaster activities through
information notification etc.

Residents in Kureha (46 households)

al »
N

- P

|

-

Figure A.45 — Self and mutual aid by residents
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It is hoped that the residents will use the rainfall, water level, and flood predictions to conduct
mutual aid, such as setting up flood defence barrier (Figure A.46), moving automobiles, and warning
neighbours.

a) Prevents water seepage into under-floor

ventilation holes in home foundations b) Prevents water seepage under the front door

NOTE1 [Waterstop plates provided by Toyama City, in addition to'sandbag waterstops.

NOTE 2 |Used to prevent flooding from seeping in through tmrder-floor ventilation holes and under the frpnt
door.

Figure A.46 — Flood’defence barrier setup

A.8.7.3.3 | Information notification system evaluation

Residents|were asked to fill out a quiestionnaire on self-aid activities before and after the introductjon
of the infqrmation notification system. Only 35 % of residents reported setting up sandbag waterstqps
before the introduction of the(system, but after introduction of the system, the number rose to 80 |%.
Before intfroduction, only 53.% of residents reported moving automobiles, while after introduction, the
number r¢se to 100 %.

A.8.7.4 (Prganization

This projgct is being led by MLIT and the National Institute for Land and Infrastructure Managemsent,
with partjcipation by several companies, Kobe University, Fukui City, and Toyama City. Residents of the
Kureha diktrict of Tovama City hp]ppd with the npplir‘n‘rinn of this system

Toyama city, Water and Sewer Bureau.

A.8.8 Stormwater storage tank and reuse in Hiroshima City’s new stadium

A.8.8.1 Background

The urban centre of Hiroshima is clustered on the delta region of the estuary of the Ota River, which runs
through the city from north to south. It is the largest urban centre in the Chugoku region, supporting
political, economic, and cultural development.

Construction of the sewer system for JR Hiroshima Station and the surrounding area (Ozu watershed)
began in 1964 as a combined flow sewer, and is now nearly complete, covering a 533 hectares area
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catchment. However, in recent years, urbanization and increasing incidence of localized heavy rains
have increased the volume of rainwater runoff, which raises the risk of flood inundation and resultant
damage (Figure A.47).
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Figure A.47— Hiroshima City flood prevention plan

A.8.8.2 Purpose
Due to this, to improve/flood safety in Hiroshima’s urban centre, large-scale stormwater management

fadilities are being,installed in central urban areas, designed to handle a 10-year storm target level of
rainfall.

A.8.8.3 .Outline

A.$.8.3.1 Ozu stormwater reservoir

The Ozu stormwater reservoir was installed in the Ozu watershed as a flood measure for the area
around JR Hiroshima Station (approximately 52 hectares), where many urban functions are clustered.

The stormwater reservoir is located underground under the new Stadium Hiroshima (hereinafter, “the
new stadium”), which is the new home stadium of a professional baseball team.

The storage capacity of the reservoir is 15 000 m3, of which 1 000 m3 is reused for irrigation and toilets
at the stadium, and the nearby landscaping waterway.

During rainstorms, rainwater which exceeds the capacities of the original sewer pipes is temporarily
stored in the stormwater reservoir, allowing the sewer system to handle about 2,5 times more rainfall
(53 mm/h) than its previous capacity (20 mm/h).
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During dry weather, the stored rainwater is then sent via the nearby Ozu pump station to the eastern
prefectural purification centre, where it is treated and purified before being discharged into the
environment (Figure A.48, Figure A.49).
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