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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 tech

nical

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 matte
electrotechnical standardization.

the ISO/IEC Directives, Part 1. In particular,
bes of ISO documents should be noted. This document was drafted in accordance\wit
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

The procedy
described i
different ty
editorial ru

Attention is|drawn to the possibility that some of the elements of this document may'\b¢ the subje

rs of

ect of

patent rights. ISO shall not be held responsible for identifying any or all such patént rights. Detalils of

any patent rjights identified during the development of the document will be in the)Introduction ay
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the convenience of users and doe
constitute ah endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific termg
expressions| related to conformity assessment, as well as information about ISO's adherence t
World Trad¢ Organization (WTO) principles in the Technical’Barriers to Trade (TBT) see ww]
.org/iso/forgword.html.

This documgnt was prepared by Technical Committee ISO/TC 224, Service activities relating to dri
water supply, wastewater and stormwater systems.

Any feedbadk or questions on this document shauld be directed to the user’s national standards bg
complete lisfting of these bodies can be found at www.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.

The Intergovernmental Panel on Climate Changel3] warns that many global risks of climate change

are Concentrated in urban areas. It lndlcates that rlsks are ampllfled for those lacklng essential

infra
which are 1dent1f1ed w1th high confldence include those of severe ill-health and dlsruptec
for urban populations due to flooding from a range of sources including pluvial, fluyial; s
and ¢oastal flooding.

Accopding to the UN Department of Economic and Social Affairslel, the wg¥ld urban p
expefted to increase by 72 % by 2050, from 3,6 billion in 2011 to 6,3 billionin 2050, i.e.

amoynt as the world’s total population was in 2002. Virtually all of the éxpected growth

population will be concentrated in the urban areas of the less developédiregions, which ar
be viilnerable to flooding. The report states that flooding is the most.frequent and greateg
the §33 largest cities or urban agglomerations analysed. Mud slides are often associated
weather conditions and flooding, particularly in rural areas, and ‘commonly will impact r
and g$mall towns, or their associated transportation infrastruetures.

Thug, climate change and urbanization with rapid growth in population in cities and
area$ are most likely to increase flooding and the risks-a$sociated with stormwater worldw
challenges for stormwater management are posed for an increasing number of stormwa
which are responsible for the control of pluvial®flooding, which is caused by rainwa
and purcharging stormwater systems or remaining on surfaces and flowing overland
deprpssions and topographic lows to createtemporary ponds.

The immediate impacts of urban floodingcan include loss of human life, damage to propertj
of traffic and other services and deteriorations of limited freshwater resources, water eco
hygiénic living conditions. Effective stormwater management systems can enhance the

comiunities by reducing the likelihood and severity of pluvial, fluvial and coastal flooding

Plan
do n
best

bt always apply dire¢tly to other countries with different conditions. In order to helj
solution to the targeted area, the framework and planning processes should be standa

Urban stormwater-management is usually the responsibility of municipal water and

service providers. However, in some countries the urban stormwater system management i
by sgparate:entities specially established for this purpose. Sometimes these services are no
supportedifrom the municipal water and wastewater revenues but from stormwater levig
flood-zulnerable properties concerned and created for that purpose or a local governing ay

hing methods for stormwater systems have been established in most developed county

5 risks, all of
livelihoods
form surges

ppulation is
by the same
n the world
e deemed to
t hazard for
with severe
iral villages

s$urrounding

Fide. Serious
ter utilities,
fer entering
r into local

, disruption
bystems and
resilience of

ies but they
deliver the

rdised.

wastewater
s performed
t financially
s applied to
thority.

While it is largely 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 can be used for the evaluation of design, operation and performance of stormwater
systems. When various kinds of measures are proposed, selecting the best option requires evaluation.
The comparison between prospective and retrospective evaluations can lead to the continuous
improvement of stormwater management. In providing a common process for the evaluation of
proposals to plan/design/procure stormwater systems, this document facilitates fair trade among
suppliers.

© 1S0 2019 - All rights reserved vii
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Service activities relating to drinking water supply,

wastewater and stormwater systems — Stormwater
management — Guidelines for stormwater management in
urban areas

1

$cope

This|document provides guidance to stormwater management authorities and relevant 3
on bpth structural and non-structural stormwater management approaches. The .guidal
conslderation of relevant policies, planning, design criteria and implementation pr
storhnwater management, and performance evaluation. This document, \can be appl
stortnwater systems and to the extension or improvement of existing systems for both ful

and

¢ombined storm and sanitary sewers.

This|document is applicable to stormwater sewer systems as well ag€ombined sewer syste

This|document is not applicable to sanitary sewer systems.

2
The

Normative reference

following documents are referred to in the text'in such a way that some or all of t

constitutes requirements of this document. Forzdated references, only the edition cited
unddted references, the latest edition of the reférenced document (including any amendme

ISO

4513, Service activities relating drinking water supply, wastewater and stormwater|

Vocapulary

L

erms and definitions

For the purposes of this document, the terms and definitions given in ISO 24513 apply.

ISO gnd IEC maintain tefminological databases for use in standardization at the following g

4

4.1

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electfopedia: available at http://www.electropedia.org/

takeholders
hce includes
ocesses for
ied to new
y separated

ms.

heir content
applies. For
hts) applies.

systems —

ddresses:

General overview

Principles

The role of the stormwater system should be determined within the context of the whole river basin
catchment and the other elements of the urban drainage system (see Figure 1). To determine this role
account should be taken of integrated water policies reflected in any national or local regulations or by
the relevant authority together with any requirements of the integrated river basin management plan.
Account should also be taken of any policies resulting from integrated urban drainage management.

The

principles for effective stormwater management include:

— hydrology: minimize the impact of urbanization and land management practices on the hydrology

of a catchment, including base and peak flows;

© IS0 2019 - All rights reserved
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— water quality: minimize pollution entering into and discharged from the stormwater system;

— vegetation: maximize the value of riparian, floodplain and bank vegetation for flood attenuation,
erosion control and water quality improvements;

— aquatic habitat: minimize the negative impacts of stormwater discharges on the integrity of
aquatic habitats within the stormwater system; and

— stormwater use: promote opportunities to identify and use collected stormwater as an alternative

water source.

Key

1 local drajnage area

2 urban su[b-catchment
3 cityarea

4 river basim

Figure 1 — Relationships between local drainage areas, urban catchments and river basin

4.2 Basic concepts

There are a number of basic concepts that support the objectives for urban stormwater management
and that should be addressed during the process:

— flood-resilience and holistic risk analysis for new and existing systems;

— sustainability and responsible resource management;

2 © IS0 2019 - All rights reserved
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— community consultation and involvement;

— consideration of interrelationships between catchments;

— consideration of changing climate, extreme weather and operational stress;

— consideration of lifecycle costs when selecting stormwater management alternatives;

— consideration of asset condition and rate of deterioration.

Figure 2 gives an illustration of a basic concept of a stormwater management system.

Evd

otranspiration g .
p p ] Rainwater use

111 Precipitation

Pollutant **+

o Seaa
5 £

pervious
nfiltration impervious PeaR ; Jul .
ischarge
Runoff source control (cionveyance/ Storage attentiation l
ol 1 1version Detention Pollutant removal, %Pollutant
ollutant source contro harvestmg disposal and reuse

|
Stormwater system Resour

protect

Source control

Treatment Pollutant ENVironment

4.3

As illustrated in Figure’3, the stormwater process relies on the definition of functional and

requ
thesg
asseq

Both|

Figure 2 — Illustration.of the basic concept of a stormwater management sys

Stormwater management process

erformance

rements adaptéd to the local objectives of the stormwater system. To ensure the flulfilment of

e requirements a continuous management process can be followed that consists of if
sment, planning and performance evaluation.

asSet‘related and non-asset-related solutions can be implemented to achieve the reqy

vestigation,

ired level of

perfq

rmance.
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Principles
(see 4.1)
Objectives
(see Clause 5)
Investigate
Investigation Functional requirements
“_' (see Clause 9) (see Clause 6)
Assessment Performance requirements '\<
(see Clause 10) (see Clause 7) r\Q
Plan Planning
(see Clause 11)
Do F Implementation E— Design criteria
o = ¢ BeeClaised
C h C Ck System performance <—E_ “Health ;il_ia_s_a_fét_y_ 1_);1}1_&[;1;3_5_5
evaluation (see Clause 12) 1 |

___________________________

Figure 3 — The stormwater ifianagement process

5 Objectives
The objectives to be established by a wastéwater or stormwater management utility should:
— be cons|stent with the stormwatér management policy;

— be meagurable (if practical).

Objectives dan be short-, médium- or long-term and can vary according to the risk and opportuities
within the ¢atchment to-public and environmental benefit. As such, urban stormwater management
systems adqpt a number-of objectives to ensure that the risks are managed and opportunities realjized.

The objectives of stormwater management are:

— effectivg €ontrol and management of flows;

— protection of water quality;

— preservation of water quantity;

— protection of the built, public and natural environments — infrastructure, property and resources;
— 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;

— facilitation of sustainable development and climate adaptation.

4 © IS0 2019 - All rights reserved
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The objectives listed in Table 1 are the basis for determining the functional and performance
requirements of an urban stormwater management system as illustrated in Figure 4.

Objectives
(see Clause 4)

\ 4
Integrated water policies  (¢—» Context, for example Functional requirements
(see Clause 5)
@ Source of stormwater
v @ Environmental situation
® Wastewater treatment
Integrated river basin 4>
o LJ l‘\eLElVlIfg WdALETS
management .
8 ® Aquifers and water supply
® Alternative collection and
v disposal systems
Integrated urban <«—>® Social conditions
drainage management ® Economic constraints
A\ 4 A4
> System components $| Performance requirefnents
(see 10.3) (see Clause 6)
A 4

Design criterig
(see Clause 7)

Figure 4 — Process for determining performance requirements from objectives

Table 1 — Urban stormwater management objectives

Objective Purpose
Effe¢tive control and — tooptimize the stormwater system (e.g. pipe network, flow [control
manpgement of flow volumes device, storage, pumping facility)

=~ to improve the operation of the stormwater system

— to set up the stormwater system balancing risk and cost

Protgction of water quality — to support the management of water quality in the receiving surface
waters and groundwater

— to maintain or improve the surface and groundwater quality in the
receiving environment

— to reduce the potential for pollutants from the built environment
entering the receiving environment

— 1o protect the stormwater at the nearest point of rainiall

— to design system resilience to cope with future change

Preservation of water quantity |— to supportthe management of water quantity in the receiving water

— toreduce negative quantitative impact of stormwater drainage from the
stormwater system

© IS0 2019 - All rights reserved 5
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Table 1 (continued)

Objective

Purpose

Protection of the built, public
and natural environments:
infrastructure, property and
resources

to use surface water runoff as a resource
to support the management of flood risk in the receiving catchment

to minimize the risk of flooding during rainfall events, including
upstream flood risk

to protect the built environment from flooding and waterlogging

i | < i LI o i i <l 4 | LRI |
tUTCuUuucCcT ualuasc tulnnirastrutiul v diivd proptli iy, dild dosoutliditu

financial impacts
to protect resources from occupational health and safety hazards

to reduce and control the potential for erosion and instability of stream
banks, vegetation and combined sewer assets

to protect morphology and ecology in receiving surface waters
to preserve and protect natural hydrological systems on the site
to drain the site effectively

to manage on-site flood risk

to design system flexibility/adaptability to cope with future change

Water consefvation and reuse

to maintain the total water.cycle balance
to minimize runoff and,water wastage

to maximize stommwater reuse through rainwater harvesting to
supplement household, commercial/industrial, streetscape and
parkland water supply needs

to contribute to recharging of groundwater aquifers

Protection of enhancement of
ecosystem hgalth

topreserve, retain or enhance natural drainage systems and protedt
ecosystem health

to replicate natural flow regimes so that storm runoff hydrographs
resemble pre-development patterns

to support and protect natural local habitats and species

to protect, conserve and retain aquatic habitats and biodiversity thrpugh
preservation and restoration of natural habitats for flora and fauna

to mitigate deterioration in environmental health

to contribute to the delivery of local biodiversity objectives
to contribute to habitat connectivity

to create diverse, self-sustaining and resilient ecosystems

Protection or enhancement of
public health, safety and welfare

to minimize the risk of injury or loss of life and disruptions to human
life, including flooding hazards

to eliminate standing water and consequences of danger from
mosquito- and other vector-related diseases

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=afe968709cfabaafd460d505d3fbcacf

ISO 24536:2019(E)

Table 1 (continued)

Objective

Purpose

Protection or enhancement of
public social values

to ensure that social, aesthetic and cultural values are recognized and

maintained when managing stormwater

to contribute to attractive and liveable communities

to promote land- and water-based recreational activities and

stakeholder satisfaction

to maintain the variety of uses available to the community

to enhance wildlife habitat

to protect and increase property values

to maximize multi-functionality

to enhance visual character

to deliver safe surface water management systems

to support development resiliencefadaptability to future ch

to support community environmental learning

ange

Faciljitation of sustainable devel-
opment and climate adaptation

to ensure the delivery of best practice stormwater management through

planning and developrient

to integrate urban'drainage into landscape design as part o
design phase

to implement stormwater management systems that are ecq
viable in the long term

to.create functional, energy-efficient, low-carbon, climate-r¢
toincrease potential for land development

to provide an alternative water source to reduce demand an
reliability of long-term water supplies

the initial

nomically

silient cities

d increase

Thesg objectives can and-shiould be given full consideration for all types of development. Th
way |n which each putpose can be fulfilled will depend on site characteristics, development
locallobjectives. Tl{e water quantity and water quality are likely to be the main drivers in
the dlesign philesophy for a site and these will be supported by expected levels of ser
storinwater nianagement system. Maximising delivery of amenity and biodiversity objectiv|
delivier on &range of other required planning outcomes/objectives for the site.

The ¢lijectives are not independent of each other. For example, using runoff as a resource

e extent and
context and
letermining
vice for the
es will often

will support

. 1 . 1 . 1 .
both WdALCT qUAIILILy dIlU dIIICIIIly UCSIZIT ODJECLIVES.

Generic criteria of good design are required to ensure a safe, functional and cost-effective sustainable
drainage scheme. These generally fall into the categories listed in Table 2. In order to maximize
opportunities and the associated benefits, these criteria should be considered at an early stage and fully
integrated into the stormwater management and urban design process. In so doing, it is then possible
to ensure that the scheme is truly multi-functional and delivering the highest return for the developer
and for the community who will live there.

© IS0 2019 - All rights reserved
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Table 2 — Generic criteria of good design

Generic criteria Explanation

Constructability The design of a sustainable drainage system should ensure that it can be effectively and
safely constructed.

Maintainability The dgmgp of a sustainable drainage system should ensure that it can be easily and safe-
ly maintained.

Acceptability The design of a sustainable drainage scheme should be acceptable to the public and other

stakeholders.

The design of a sustainable drainage system should ensure that the site is drained to

Cost-effectiy

.....................

delivery of the criteria, at an affordable cost both initially to the developer and forth
responsible for the long-term operation and maintenance of the system.

eness

ose

Health and
safety

The design of a sustainable drainage system should ensure that it is safe for theose liy
near or visiting the system, and for those involved in its operation and maintenance.

ing

6 Functi

6.1 Gene

The functio
treat storm
on the recei
requiremen

Functional 1
systems fof
requiremen
wastewater
to ensure t}
standards. 1
constraints

Typical detd
— protect
protect

protect

protect

onal requirements

ral

h of an urban stormwater system at the broadest level iS.to collect, transport, storg
vater in order to mitigate the water quantity and quality impacts of stormwater f
ving environment. However, for each of these functional requirements, there can be
s, public expectations and financial constraints, which include performance requirem

requirements are also linked to system goalsiand cover the drainage system (and s
combined sewer systems), pumping installations and other components, incly
[s resulting from external constraints (e:g: effects on surface receiving water bodie
treatment plants). The requirements sheuld be considered in respect of the whole sy
hat additions or modifications to. the"system do not result in failure to meet the t
\sset deterioration monitoring,affordability and the need for society to understan
of the system are critical factors.

iled functional requirements of an urban stormwater management system include:
on from surface watétrflooding;

on from sewer flooding;

on of surfacereceiving water bodies;

on of groundwater;

maintai

|nability;

and
lows
legal
ents.

ewer
1ding
and
stem
hrget
1 the

prevent

prevent

structural integrity and design working life;
sustainable use of products and materials;
sustainable use of energy;

protection of adjacent structures and utility services;
maintenance of the flow;

watertightness;

ion of odours and emission of toxic, explosive and corrosive gases;

ion of noise and vibration;
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— input quality;

— protection of downstream drainage systems;

— protection from natural disaster events;

— health and safety principles.

Functional requirements should be determined to ensure that the objectives of the urban stormwater
management utility as listed in Clause 5 are achieved. Each functional requirement can relate to more

than

6.2

Surfjce water flooding has an impact on the health of people affected. It can also| causq
buildings and urban infrastructure. The economic impact can be high and depénds on
locatjion flooded.

Pluv

—

— the costs arising from surface water flooding;
— the extent to which any flooding on the surface can he €ontrolled without causing dam

— hether surcharge is likely to lead to surface watetflooding of basements.

The
local
shou

climate change projections.

Othe

a) fluvial flooding - water from:-rivers and lakes which flows onto the land;

b) ¢oastal flooding - water\from the sea which flows onto the land;

c {

d)

The focus ef'this document is to deal with pluvial flooding. The interaction with other form
shou]d’be taken into consideration.

one objective.

Protection from surface water flooding

al flooding should be limited to nationally or locally prescribed frequencies, taking inf

hydraulic capacity of the drainage system should limit surface water flooding to n
ly prescribed levels and frequencies, taking into account backwater levels. The hydrai
Id allow for foreseeable increases in flow over the design working life of the syste

r forms of flooding can also impact'on stormwater and combined sewer systems, inclu

acks up into a property;

roundwater‘flooding - water on land when the groundwater level rises and
nderground structures, such as basements or garages.

b damage to
the type of

0 account:

he health and safety effects of the surface water flooding (whether it is from storinwater or a
¢ombined sewer system);

hge;

ationally or
hlic capacity
m, including

ding:

ewer flooding - wdstewater from drains and sewers which surcharges and flows ¢nto land or

enters into

5 of flooding

The effects of flows discharged into downstream receiving water bodies as well as erosion control and

runo

ff reduction should be considered and managed appropriately.

Where there are components in the system which have a high risk of failure, measures should be taken
to avoid or minimize the risk of surface water flooding in the event of failure of those components.

6.3

Protection from sewer flooding

Structures, including basements, connected to stormwater or combined sewer drainage systems should
be protected from sewer backup caused by surcharge in the system.
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6.4 Protection of surface receiving water bodies

Surface receiving water bodies should be protected from pollution.

The quality of discharges or other impacts from stormwater systems on the surface receiving water
bodies should meet the local requirements (including environmental requirements).

6.5 Protection of groundwater

Groundwater should be protected from pollution. The effect of the stormwater system and any
cumulative effect of multiple stormwater systems on the local recharge of aquifers and groundwater

flood risk sH
quality and

6.6 Main

The system
activities tH
working sp3

6.7 Integ

All the com|
operated an|

6.8 Susta
Products, m|

finite resou
or recycling

6.9 Susta

The design
energy over

6.10 Prote

The planninjg, design, construction, maintenance, operation and rehabilitation of any component d

stormwater

6.11 Main

The system

ould be considered. Where Iniiltration drainage systems are proposed, the effects oLr
gquantity should be considered.

fainability
should be planned, designed, constructed and rehabilitated to allow effective mainten

at are safe (e.g. risk to personnel is controlled) and cost efficient—~Adéquate accesg
ce should be provided for maintenance purposes.

rity of structures

d rehabilitated to ensure structural integrity over the-design working life.

inable use of products and materials

aterials and their use/construction method§’should be selected that minimize depleti
ces having regard to the design workinglife of the component and the potential for j
for example minimizing the volume of\excavated material and its reuse.

inable use of energy

hnd operation of the stormwater system should, so far as is practical, minimize the u
the life of the system.

ction of adjacent-structures and utility services

system sheuld not endanger existing adjacent structures or utility services.

faining the flow

hnoff

ance
and

ponents of a stormwater system should be planned, designed, constructed, maintafined,

on of
euse

se of

f the

should be planned, designed, constructed, operated and maintained to reliably cg

nvey

all permissi

operation of the system is safe, environmentally acceptable and economically efficient.

6.12 Watertightness

ble flows that can be collected by the system to the point of discharge, ensuring that the

All drains, pipes and ancillary structures should be watertight, unless designed to infiltrate to the

ground (i.e.

sustainable drainage systems).

6.13 Prevention of odours and emission of toxic, explosive and corrosive gases

Stormwater systems should be planned, designed, constructed, maintained, operated and rehabilitated
as far as practicable to avoid odour nuisance, or emission of toxic, explosive or corrosive gases.
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© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=afe968709cfabaafd460d505d3fbcacf

ISO 24536:2019(E)

6.14 Prevention of noise and vibration

The system should be planned, designed, constructed, maintained, operated and rehabilitated so that
noise and vibration are minimised.

6.15 Input quality

The stormwater system can be designed to receive stormwater runoff from both domestic and non-
domestic sources. The quality of the non-domestic stormwater inputs should be controlled so that they
do not compromise the integrity of the fabric of the system or its function or constitute a danger for the
environment. National or local regulations or the relevant authority can give requirements for input
quality.

6.14 Protection of downstream drainage systems

Flows and pollutant loads should be reduced or maintained to minimizé~impacts dn receiving
(downstream) drainage systems.

6.17 Protection from natural disaster events

TheJlesign and operation of the stormwater system should, so far,asis practical, consider the potential
impdcts from a natural disaster event, for example storm surgés,)ddam breaks or tsunamis.

6.18 Health and safety

6.18|1 General
Fundtional requirements should cover both public and occupational health and safety.

Natignal or local regulations or the relevant-authority might include more requirements r¢garding the
health, safety and welfare of the public:and/or personnel than indicated in this document.

6.18{2 Public health and safety

Stormwater systems should/e-planned, designed, constructed and operated so that the rjisk of public
expofsure to flooding and contaminated water in the case of a combined sewer system is minimized.

Apprjopriate communication measures should be taken to ensure public awareness.

Drinking water surces should be protected from contamination by stormwater runoff, infjltration and
discharges.

6.18{3 Occupational health and safety

St I TR eSS EERS-S anldbho dacignad anctrictad o d AN o tod cothatthn Ao n“ﬂq-:nv.n] h lth nd
0 1IIvvaclcl o_yo\,\,luo SIITUUIU UC uuolsu\,u, cuUulioltrvdticuu adiiu Ut}\/l [CUVI\VAC IS AV AR B S AN W § ) UL\,MIJCII,IUAAC ea a

safety risks to personnel undertaking work associated with the stormwater system are minimised. In
addition, welfare facilities should be provided where appropriate.

Those who are responsible for work in stormwater systems should ensure that the work does not
present a risk to the health or safety of any person carrying out the work or any person who can be
affected by their actions.

In addition, it is generally the responsibility of owners and operators to:

— provide safe systems of work, including arrangements for safe access to and egress from the
stormwater system, and sufficient working space while in the system;

— ensure that their employees are properly instructed, trained and supervised in the work being
carried out and in the safe systems of work in use.
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7 Performance requirements

7.1 Gener

al

Performance requirements are targets to be met by the stormwater management system and
components to achieve the overall objectives and stakeholder priorities for a catchment. They should
represent protection of an existing valuable condition, or an improvement over existing conditions
which are deficient.

The performance requirements should be defined according to the functional requirements described
in Clause 6. They vary between countries and can be constrained by legal requirements, public

expectation|and financial factors.
Performancg requirements involve establishing a goal, quantifying the necessary control,
determining the emissions from the system. Stormwater systems should be designed te, achiev

desired out(
velocities fr

The determ

monito|
measur

modell]
scenari
used to

— generig
also be

Performanc
requiremen
rehabilitatid

In principle,
new stormw

7.2 Exam

7.2.1 Pro

National or |
to the envir

Environmer]
limits for d

omes, for example to prevent property flooding during a 10-year event, to-prevent er
bm damaging infrastructure or to maintain appropriate quality for reuse,

nation of performance requirements should be supported by:

ring: the effect of stormwater on its environment can be. assessed through
ements and used to define requirements that are specifically.adapted to the local cont

Ing: the use of mathematical and/or physical modelling can help to explore a wide ran
s and thus define more precisely the performance reguirements. Monitoring data c:
validate such models;

values: when monitoring and modelling data are not available, data from literature
1sed, but previous methods are preferred whenever possible.

e requirements should be reviewed periodically and updated if necessary. The perfornj
s for the system should be updated.after major extension, augmentation, maintenan
n.

the performance requirements for a rehabilitated system should be the same as those
rater system.

ples of performance requirements

fection of receiving water bodies

ocal reguldtions or the relevant authority can specify performance requirements in rel
pnmentahperformance of stormwater systems.

talperformance requirements for stormwater systems can be set in terms of emi

and
b the
bsive

local
X t;

ge of
in be

may

ance
ce or

for a

htion

5sion

scharges or in terms of the impact on the status of the receiving water body (incly

1ding

inland surface water bodies, coastal water bodies and groundwater). The requirements should take
into account the impact of other emissions, the anticipated frequency of discharges, and physical (e.g.
scour due to flow velocity), chemical, biochemical and other relevant considerations.

Proposed controls on discharges from the stormwater systems should take account of the water
environment in the river basin (see Figure 5).
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Adapted from EN 752:2017, Figure 4.

Figure 5 — Stormwater system in the river basin

In particular, consideration should be given to:

a) the current status of the receiving water bodies within the river basin, including the chemical,

biological and ecological status;

b) the objectives for the future status of the receiving water bodies;

c) any other proposed measures to improve or adversely affect the status of the receiving water bodies;
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d) any policies for achieving the objectives.

Emission limits can be set in terms of the frequency and/or duration of the discharges as well as
their physical, chemical or biological composition. Environmental modelling can be used to establish
appropriate emission limits.

Examination of the statistics of precipitation suggests that capturing runoff from “smaller” storms
allows management of a large fraction of the runoff events and runoff volume that occur from the
urban landscape. The capture ratio of runoff volume is important to receiving waters because it is the
frequency of small rainfall events that has the greatest negative effect on aquatic life in the receiving
water bodies.

Alternativelly, standards can be set by specifying a method of treatment (e.g. filtration/screefiing or
vegetative treatment) to achieve environmental performance.

7.2.2 Protection from flooding

During rainffall events of small to moderate size, stormwater runoff is either captured by peryious
surfaces anq underlying permeable media (from where it may infiltrate or evapofranspire) or contgined
within the underground stormwater pipes and/or open-air transport channels (low-flow). Dyiring
larger, less firequent storms, runoff will exceed transport capacity of the stermwater system leadipg to
controlled of uncontrolled flooding (high-flow) (see Figure 6).

Effectivenegs of drainage planning can be evaluated by how frequently the capacity of the “low-{flow”
system would be exceeded, and how severe the effect of flooding would be within the “high-flow”
system. Frefjuency can typically be expressed as a recurrence ‘interval. An example of a recurgence
interval is the 10-year design rainfall event, defined as a rainfall with a 10 % probability of occurgence
in any given year. Severity can be quantified through hydraulic modelling to determine spg¢cific
characteristics such as length of roadway flooded, number of flooded structures and depth of flogding
at structures.

Extreme flood protection criteria address the infrequent, extreme events where the capacity gf the
“high-flow” [system is exceeded and the community and physical integrity of stormwater corftrols
should be pjotected in a catchment area.

High flow
Low flow
The exceedance of the
Roadway Pavement high-flow conveyance syptem
—

The exceedance of the
low-flow conveyance system

Figure 6 — Low-flow and high-flow conveyance systems for stormwater control objectives
Hydraulic performance requirements should be set taking into account the potential for damage and
hazards.

National or local regulations or the relevant authority can specify performance requirements in relation
to surface water or combined sewer flooding frequencies.

The sensitivity of the surface water flooding frequency to possible changes in rainfall due to climate
change and changes in runoff due to increased levels of urbanization should be considered.
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Performance requirements can also be set to limit the rate or volume of discharge from stormwater
systems in order to limit flood risk in the surface receiving water bodies.

Hydraulic performance requirements for stormwater systems should take account of the wider river
basin (see Figure 1) and in particular:

a)
b)

)

d)

7.2.3 Structural integrity and design working life

The

the design working life without defects which would:

a)
b)

8

8.1

the current flood risk in the stormwater system and in the river basin;
the objectives for future flood risk in the stormwater system and in the river basin;

any other proposed measures to improve or adversely affect the flood risk in the stormwater
system and in the river basin;

gny policies for achieving the objectives for flood risk.

components of the stormwater system should manage any foreseeable-imposed loadg throughout

I:d to unacceptable risk of loss of structural integrity;

pair the function of the system so that other performance{equirements are not achieved.

Pesign criteria

Introduction

To ensure that the system achieves the performance requirements during its design working life,
design criteria should be set which usually exceed the performance requirements. The depign criteria
should be set at a level which will ensure that the system continues to meet the performalnce criteria,
taking into account any foreseeable chauges over the life of the system. Design criteria shopuld consider

any

takeq into account in the design.

¢hanges expected over the desigti life of the stormwater system if these changes are n¢t otherwise

Design criteria should include Consideration of climate uncertainty, based on future climate[projections.

Itis

fecommended that the results of ensemble models are used, forecasting seasonal temperature and

precipitation variations-into the future (e.g. 50-year projections). Stressor events, such as|operational

failures, should also bé'censidered as part of the overall stormwater system resiliency.

The
a)
b)
‘)
d)
e)
f)
The

rhanges thatsheuld be taken into account can include:
increased or reduced flows due to new developments;

feduced flows due to changes in the development;

I eraa dFflosizc i b o £on s ol o o 4 szickine A
ICTCasSCUTIUOW ST CSUTTTITE 1T OTIT CITaITg CS O TATST T

reduced hydraulic capacity resulting from deterioration of the system or wear of pumps;
reduced hydraulic capacity due to build-up of sediments in the system drains;
climate change and changes to rainfall.

issue of competing design approaches should be considered. For example, structural design

criteria may compete with amenity design criteria (i.e. the best chosen structural material may not be
aesthetically pleasing) and compromises may be necessary. In such cases, public consultation may be
helpful in finding the best solution.
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8.2 Hydraulic design criteria

8.2.1 Introduction

Hydraulic design criteria should take into account any changes in flows expected not only over a series
of rainfall events but also over the design working life of the stormwater system. The potential effects
of a) to f) in 8.1 should be considered. This is to ensure that the stormwater system continues to meet
the performance criteria over its design life.

The frequency of an event may be expressed either as a return period or a probability of occurrence in
any one-year period.

Design critefria can be set for:

a) the expegcted frequency at which no surcharge occurs in the drain and stormwater system;

b) the expected frequency at which a specified amount of surcharge occurs jmthe drain| and
stormwijater system, for example full pipe design criteria (see 8.2.2);

c) the expgcted frequency of sewer or surface water flooding (this can occuwithout surchargd), for
exampl¢ flooding design criteria (see 8.2.3);

d) the imppct of the flows from surface water outfalls on river morphelégy and ecology;

e) the imppct of the flows from surface water outfalls on river fleoding from surface receiving water
bodies ¢r on groundwater flooding;

f) the imppct of the flows from aquifer recharge on groundwater flooding;

g) theimpact of the flows on the operation of the wastewater treatment plant in the case of a comlined
sewer system;

h) the imppct of contaminants in stormwater and especially combined sewer overflows (CSOs) op the
receivinjg waters.

The nature ¢f design criteria will depend.on the type of design methods used.

In setting hydraulic design performance criteria for the stormwater system, allowance should be made

rface

for the desij
water and ¢

Where simp
in terms of {
knowledge

bn methods that are likely to be used. In all cases the scale of the consequences of su
hmbined sewer systenyflooding should be taken into account.

le design methods (e.g. rational formula) are used, design criteria are typically exprg
he frequencigs of design rainfall events that will just fill the pipe without surcharge i
hat this generally provides protection against sewer and surface water flooding from

ssed
n the
more

severe rainf|
gradient).

nll events»The degree of flood protection will depend on local factors (e.g. topography/ pipe

Where more cemplex methods (e.g. computer simulation) are used and it is possible to predict expécted
stormwater and combined sewer system flood frequencies, surface water and combined sewer system
flooding design criteria should also be used.

Both the expected rainfall event frequency and the expected flood frequency may be expressed as a
return period, which is the average period in years between two events, or a probability that an event
will be exceeded in any one year. Where appropriate, time series can be used.

8.2.2 Full pipe design rainfall criteria

The design rainfall frequency is the rainfall intensity that causes the pipe to be just full. Different design
criteria may be set for separate or combined sewer systems.

National or local regulations or the relevant authority can specify design rainfall.
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In setting design rainfall criteria for use when stormwater or combined sewer system drains are
designed for full pipe flow, the following points should be considered:

a) whether there are any connected basements not protected by anti-flooding devices, effluent lifting
stations or pumping stations;

b) whether the surcharge is likely to lead to sewer flooding of basements;
c) whether design criteria for flood frequency are also specified for the design.

Examples of design rainfall frequency criteria are given in Table 3; however, the criteria can vary widely
between countries.

Table 3 — Examples of design rainfall frequencies for full pipe flow

Location Design rainfall frequency?
Return period Probability of
exceéeding in any
years 1
year
%
Rural areas 1 100
Residential areas 2 50
City centres/industrial/commercial areas 5 20
Underground railway/underpasses 10 10

a  For the selected design rainfall event the pipe should be no more than just full and shall
be without surcharge.

SOURCE: EN 752:2017.

8.2.3 Flooding design criteria

Design surface water and combined sewénsystem flooding frequencies should be set in ordgr to manage
the rjisk of flooding, having regard to(beth the frequency and consequences of flooding.

NOTH The arrangement of thesstormwater system with the above ground space are considerdd together to
achiee these design criteria.

The effect of flooding will depend on the type of surface or building it affects. This will dgpend on the
characteristics of the sutface and the movement of the floodwater across the surface. The impacts can
include damage to property and impacts on the health or safety of people. Design criteria|should take
accoyint of the following:

a) Deep or fast'flowing floodwater presents an increased hazard to people.
b) Klooding inside buildings can cause high economic damage and present a hazard to lif¢d and health.
c) Depending-onits-extent—Flooding i afi ; s will often

dire—6 >
cause more limited damage.

For locations with a high potential for damage or hazard, detailed investigations should be undertaken,
taking into account the movement of water and the effect of surface features (e.g. kerbs).

Different design criteria may be set for stormwater or combined sewer systems. National or local
regulations or the relevant authority can specify design flooding frequencies.

Examples of design flooding frequency criteria are given in Table 4; however, the criteria can vary
widely between countries.
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Table 4 — Examples of design flooding criteria for standing floodwater?

Example of design sewer flooding
frequency
Impact Example locations Return periodP Probability of
years exceeding in any
1 year
%
Very low Roads or open spaces away from buildings 100
Low Agricultural land (depending on land use, e.g. 50
pasture, arable)
Low to medipm Open spaces used for public amenity 30
Medium Roads or open spaces adjacent to buildings 20
Medium to hligh Flooding in occupied buildings, excluding 10 10
basements
High Deep flooding in occupied basements or road 30 3
underpasses
Very high Critical infrastructure 50 2
a2 When unflertaking rehabilitation of existing systems and where achieving the same,design criteria for a new system
would entail gxcessive cost, a lower value may be considered.
b Return p¢riod should be increased (probabilities reduced) where the floodwateér, js fast moving.
SOURCE: EN 752:2017, Table 3.
Flood risk id different from the flood return period. From the standpoint of risk analysis, the probability
that a 100-yjear flood will happen more than once in a giveri100-year period is a representation of the
risk. The following formula relates the return period to fldod risk:
N
R=1- (l - P)
where R is the risk that an event with a probability P be reached or exceeded at least once in N years.
For exampld, the risk that a 100-year floed will happen at least once during a 25-year period is nof 1 %

but 22 % (ot

40 % for a 50-year period)ias shown in Table 5.

Table p — Flood risk associated with different return periods and mean probability of
occurrence per year
Meahn probability of Flood risk for a given period of N years
Retyrn period occurrence per %
years year
% N=100 | N=50 N=25 N=10 N=1

100 64 40 22 10 1
50 87 64 40 18 2
25 98 87 64 34

10 10 100 99 93 65 10

5 20 100 100 100 89 20

Adapted from Stormwater Management Guide, Ministry of Environment, Quebec, 2011.

8.2.4 Effect on downstream water bodies

Design criteria can be set for the impact of flows discharged from outfalls on the flood risk in receiving
water bodies. The criteria may be given in absolute terms or by reference to the current conditions.

18
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Such criteria can include:

a)

b)

8.3

Ther]
systd

a)

b)

A

Inm

Unifq
type
whic
to bd
supply or lakes. Generally in'stich cases, more stringent site-specific emission limits will b
to sa

The
but

disch
integ

The

pring
are g

controls on the flow rates and volumes for discharges from the area drained; for example:

1)
specified values;

2) ensuring there is no increase in the peak flow rate or volume in prescribed rainfall
criteria for the flood frequencies from the receiving water body; for example:

1) noincrease in flood frequency from the water body;

limiting the peak flow rate and volume of the discharge in prescribed rainfall conditions to

conditions.

1)

limiting the flood frequency from the receiving water body to prescribed values:

Environmental design criteria

e are several approaches for setting design criteria for the control of pollution from
ms, including:

he setting of uniform emission limits by national or local regulations or the relevant g

general use with each of the different types of discharge;

he setting of site-specific emission limits by any natioral or local regulations or
futhority for individual points of discharge, to satisfy requirements for the

haracteristics of the receiving water body, taking,into account any environme
tandards for the receiving water body and the specific needs of the receiving water b

q

q

pecifying a method of treatment for the discharge as nominated by the relevant
bnsure that an adequate emission standard isachieved.

hny cases a combination of the approacheés should be considered.

rm emission limits are generally.Set in relation to what is technically feasible for t
5 of discharge. They form a baseline standard prior to the determination of site-sp
h will not put the self-purifying capacity of the receiving water body at risk. They
applicable where discharge“is to sensitive waters such as recreational areas, sourc

Lisfy the receiving water quality requirements.

bite-specific emigsion limit approach is sensitive not just to the effects of an individug
Iso to the combined effects of the whole range of discharges to receiving water b
arges, including those from industry, treatment works and non-point sources, can
rated approdach to the identification of solutions.

d

stormwater

uthority for

he relevant
Huality and
ntal quality
dy;

huthority to

he different
ecific limits
are unlikely
bs for water
e necessary

1l discharge,
dies. These
demand an

principal advantage of method-based criteria is that there is no ongoing cost of sa
ipal’disadvantage is reduced confidence in the conformity. For this reason, method-b

pling. The
sed criteria

The relevant authority for environmental regulation can classify receiving water bodies according to
current or projected uses or interests, for example:

abstraction for potable supply;
fishery;
bathing or other water contact activities;

special ecosystem.

The emission limits or method-based criteria can then be set by any national or local regulations or the
relevant authority using, where appropriate, water quality simulation models.
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tural design criteria

Structural design criteria should be set, taking account of the actions on the structures.

Design crite

ria can include:

a) prescribing a design working life for each component;

b) prescribing the loads that each component should be able to withstand;

c) prescribing any special safety factors to be used;

d) limit std

8.5 Oper
Operation a
a) the relid
b) the safe
c) the safe

d) cost-effi

Tes USed for design:

htion and maintenance (0&M) design criteria

hd maintenance (0O&M) design criteria should be set to ensure:

ible and efficient operation of the system (e.g. eliminating blockages or pump failures)
ty and welfare of operator personnel when carrying out operation of the system;

ty and welfare of the general public;

bctiveness over the lifecycle of stormwater management@ssets.

8.6 Amenity and biodiversity design criteria

8.6.1 Am

The amenity

bnity design criteria

the local angl wider community, and to:

— maximi
— enhancq
— deliver

— support
— support

The extent
local requir
systems sho
early in the

e multi-functionality;

e visual character;

bafe stormwater managéenmient systems;

development resilienee/adaptability to future change;
community environmental learning.

fo which eaeh amenity design criterion can be addressed by the designer will deper
ementsand site-specific characteristics. Amenity objectives for stormwater manage
uld be,specified at a catchment or local level and these should be referenced and consid
design process.

 design criteria should be applied to maximize the amenity value for the development, for

d on
ment
ered

These design criteria should be considered alongside design criteria for water quantity, water quality
and biodiversity.

8.6.2 Biodiversity design criteria

The biodiversity design criteria should be applied to maximize the biodiversity value for the

developmen

t, for the local and wider environment, and to:

— support and protect natural local habitat and species;

— contribute to the delivery of local biodiversity objectives;

— contribute to habitat connectivity;

20
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allow for diverse, self-sustaining and resilient ecosystems.

The extent to which each biodiversity design criterion can be addressed by the designer will depend
on local requirements and site-specific characteristics. Biodiversity objectives for stormwater
management systems should be specified at a catchment or local level, for example infrastructure
strategies, and these should be referenced and considered early in the design process.

Both amenity and biodiversity design criteria should be considered together and at an early stage and
fully integrated into the design process in order to maximize the opportunities that can be achieved by
the scheme at no or minimal additional cost.

9

9.1
The

Dam
surfz
recel
frequently interrelated and upgrading works will often be designéd to overcome a number
atth
catch
toget
deta
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9.2
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Systq

The

choid

The

nece

Exan

Investigation

Introduction

process for investigating system performance is outlined in Figure 7.

hged, defective or hydraulically overloaded drainage systems represént a potential haz
ce water and combined sewer system flooding and collapses, and through pollutio
ving water bodies, groundwater and soil. The problems found ift\existing stormwater

e same time. The investigation and planning of rehabilitatién)work should be carried oy
ment areas in phases, if appropriate, so that all problems and their causes can b
her. The procedures described in this document can\be applied in any stormwater
led application should take account of the age, location and type of system, the mate
nstruction, together with functional, geographical, topographical and meteorological

Purpose of investigation

nvestigation is carried out in order to niake an assessment of the performance of the
m and its components. This can include:

q

trategic planning;

Iperational planning.

urpose of the investigation influences the way in which it will be carried out (e.g. drair
e of method, degreeof detail, desired accuracy) and the way in which the results will |

components of the stormwater system included in the investigation should be th
Esary to fulfikthe purpose of the investigation.

1ples inclirde:

q

EeWEFS;

ard through
n of surface
systems are
of problems
ton defined
considered
system, but
rials used in
conditions.

stormwater

s, combined
be assessed.

se that are

gravity and pressure/vacuum networks;

manholes, inspection chambers and other access facilities;
pumping stations;

rising mains;

storage and retention tanks;

infiltration tanks;

sustainable drainage systems;

combined sewer overflow structures;
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— monitoring facilities, control facilities;
— outfalls, gravel and sand traps;

— flushing facilities;

— ventilation;

— sedimentation tanks;

— treatment facilities (where applicable).

9.3 Review of performance information

An indicatiqn of the type of performance problems, if any, on existing systems is likely to)be known
through reports of incidents such as drain collapses, flooding or polluted watercourses, and [from
previous inyestigations. Records of pastincidents and any other relevant information should be brqught
together angl a detailed review should be carried out to establish the scope of the investigations.

Examples of past performance information:

— records|of flooding incidents;

— pipe bldckage incidents;

— drain cqllapse incidents;

— rising mains failures;

— disease|injury or fatal incidents to operators;

— injury or fatal incidents to members of the publigc;

— drain damage incidents;

— confornity with discharge consents into-and out of the system;
— closed-¢ircuit television (CCTV) sutvey and visual inspection data;
— wastewjter-related odour complaint incidents;

— hydrauliic performance analysis;

— performance of mechanical/electrical equipment;

— results pf monitéring;

— performanee‘and condition of flow control structures;

. Y P P
— drain st Featrge e ehts:

The relevant authorities will be the source of many of the records listed above. All appropriate records
should be retained. Governance over performance reviews needs to be defined, establishing roles and
accountabilities and reporting requirements for the overall stormwater system performance.

Where large numbers of complete or partial catchments are in need of investigation, the existing
information collected may also be used to assign priorities to the investigation of the perceived
problems in each catchment (for example by comparing the cost of the investigation with the benefit
that might be achieved).

These can then be used to draw up a comprehensive, prioritised programme so that the catchments
with the most serious problems are investigated first.
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Purpose of investigation

Review of performance information

Determine the scope of the investigation

Review existing information

Update inventory as required

Hydraulic Environmental Structural Operational Hydrolpgy
investigation investigation investigation investigation investigation
Identify pollution Prepare Réview existin Selection ¢f the
Carry out flow sources and ins gction d g design rainfall and
measurement? vulnerability of the p pI‘OFe .ures an survey of ekisting
receiving waters programme incidents facilitips
. : Survey gnd
Build apd verify Carry out survey . Carljy 01'1t . Carr'y ogt estimation df water
hydraulic model? investigations investigations quantity and quality

Results of investigation

To assessment (see Figure 9)

a  (ther types of investigations/monitoring are also possible.

Figure 7 — Process of investigation

9.4 | Determine the scope of investigation

The proeess of investigation is illustrated in Figure 7. Following the review of the current performance
information it will be possible to decide whether to carry out an investigation and whether the extent
of the problems justifies an investigation of the entire catchment area. The extent and detail of the
subsequent investigation of the hydraulic, environmental, structural and operational aspects should be
determined.

9.5 Review existing information

The collection and review of all available relevant information about the stormwater system should be
carried out and is the basis from which all other activities are subsequently planned.
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This information should include historical records. In addition to the performance information listed in
9.3, examples include:

— inventory
— age, location, dimensions, shape and type of material of all stormwater pipes and channels;
— position depth and levels of manholes and the levels of connections to the manholes;
— positions of connections to stormwater pipes and channels;

— layoutofancillary structures such as CSOs, outfalls, pumping installations, sustainable drainage
facillities, storage tanks and infiltration tanks, including details of any special plant (e.g. jump
setfings, control devices details and settings);

— relevanf permits and legal requirements;
— previoufs operational, maintenance, structural and safety measures to overcomethe problemsg;
— previous inspections;

— meteorglogical data (rain and evapotranspiration);
— previouls hydraulic calculations or hydraulic models;
— previoufs flooding;

— topographical data;

— previouls assessments of environmental impact;

— existing drain condition data;

— receiving water quality and use;

— groundyater levels and velocities;

— ground conditions, including infiltration capacity;
— groundyvater protection zones;

— protected and sensitive naturdl habitat locations;

— previoufs test information;

— charactprization.ofistormwater;

— informdtion enproposed new development or redevelopment within the catchment area.

Some of thi$ #iformation can be available from as-constructed drawings and geographic information
systems databases.

This information should be assessed to determine what further information is required in order to
carry out the investigation.

9.6 Inventory update

Where the inventory is incomplete it should be updated so that a sufficient record of the stormwater
system is available to carry out the investigation.
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9.7 Hydraulic investigation

Testing and inspection procedures can be required in order to ensure an adequate evaluation of
flows [wet and dry weather, infiltration, inflow through gaps in manhole tops (between the cover and
frame), exfiltration and wrong connections]. Surveys can include precipitation and flow measurements,
identification of wrong connections and groundwater measurements.

In some cases it is not possible to understand the hydraulics of the system without using a hydraulic
model. This flow simulation model should be based on an as-built report updated after onsite
investigation of the main works. However, a model is not usually recommended where:

J— fhnvn He-he lrnr\unh h(rr] ral
ot

— there are no CSOs;

— gtructural problems are to be solved using techniques which do not reduce thehydraulic capacity of
the drain.

The kelected hydraulic model should provide proven results. Calibration and/or verification of the
models should be carried out whenever sufficient information is available.

The procedures used depend on the flow simulation program. If suitable agreement is not gbtained, the
model input data should be checked.

Havipg identified possible causes of error it will often be neceSsary to confirm these by site inspection
and then adjust the model accordingly. Data should not besmodified without justification pased on an
inspé¢ction of the system.

9.8 | Hydrology
9.8.1 Selection of the design rainfall

9.8.1.1 General

The most basic and important step for development of a plan is to define the design rainfall volume.
Definition of the design rainfall yolume requires a survey of the rainfall state of the region| The annual
Hepartment.
for required
iye rainfall is

thata given
many hours
: - a ke up OF curve and
ramfall frequency (how often that rain storm repeats 1tse1f) is the parameter related to the IDF curve.

IDF curves are a commonly used approach because of their straightforward application. Peak flows can
be derived through standard hydrologic methods by selecting the rainfall intensity from the IDF curve
for a particular recurrence interval and time.

Alternatively, the IDF curve can be used to define the total rainfall volume for a particular recurrence
interval and duration.

A design hyetograph can then be created using the design rainfall volume, a model distribution and full
spectrum of recorded rainfalls. The highest reliability will be achieved through the use of a simulation
using a representative rainfall events/record, which helps explain the response of the catchment or the
sites that will be developed.
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An example of IDF curves for Hanoi, Vietnam is illustrated in Figure 8.

YA
1000
100 S====Ssiss:
— ~J N
SN
NN
10 ,-Ez;
1 -
10 100 1 000 10000 X
Key
X duration (min)
Y rainfall intensity (mm/h)
Return period
— 200 years
—— 100 years
— 50ydars
— 20ysdgars
—— 10ysdgars
5 yedrs
3 yedrs
2 yedrs

Figure 8 — An example of IDF curves for Hanoi, Vietnam

9.8.1.3 Small, frequent sterm

Determinatjon of an appropriate design storm that leads to capturing the majority of the annual rlinoff
volume religs on sometype of statistical evaluation of precipitation records.

Cumulative | probability distribution methods as shown below are used for defining the design
precipitation&elume, calculated by mean annual rainfall.

To construct a cumulative probability distribution, the historic precipitation record for a particular
time increment (e.g. hourly) is sorted according to rainfall volume. Alternatively, the record can be
subdivided into individual storms separated by a specified period of no rain. Events with a large rainfall
volume are infrequent and have a low probability of being exceeded; conversely, small storms occur
more frequently and their volume has a high probability of being exceeded. Such distributions are used
to define the design precipitation volume as a percentile, that is, the fraction of events that are equal to
or smaller than a particular precipitation volume.

The water quality criterion defines the size and drawdown rate of a stormwater control needed to
capture and treat a certain fraction of the average annual precipitation or runoff volume. This capture
volume is commonly called the water quality volume (WQV). The cumulative probability distribution
method is recommended for estimating the rainfall depth producing the WQV because it is based on
site-specific data covering the variability of rainfall patterns.
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In addition, long-term continuous simulations are sometimes done to demonstrate the effectiveness of
treatment or runoff prevention for a specific proportion of rainfall events.

9.8.2 Flood occurrence probability

Flood mitigation should be expressed by the flood occurrence probability corresponding to the design
flow volume determined by taking into account the overbank flow volume, the extreme flood volume and
the channel protection volume. Since flood occurrence varies depending on the topographical conditions
and land-use pattern of a catchment and is not necessarily in the same chronological order, unified
representation of the flood occurrence probability is difficult. On the other hand, the conventional
rainfall probability is not equivalent to the flood occurrence probability due to differences in the design
runo{f volume calculation equation and topographical conditions, and is not readily understandable

by ofdinary people. In this context, there exists a concept of representing the developmignt target by
means of an hourly rainfall intensity. However, it is difficult to say that the rainfall'intensjity per hour
is refponsible for the flood that occurs because the time of concentration variésybetwegn points. In
addition, the occurrence probability of such rainfall intensity cannot be expressed.

Accordingly, it is rational to express the flood occurrence probability by-means of the rajnfall return
peridd (probable rainfall intensity) used for calculation of the design rainfall volume. When the flood
statg and cause are to be explained to the people in general, the probable rainfall intensity] established
as thle target is necessary. The rainfall return period is also necessary for calculation of he assumed

damage in the course of evaluation of investment effects.

Histg
of th
cons

rical events should be considered in reference to the patential magnitude of flooding. [The concept
e largest recorded rainfall is given in Annex A. Predicted impacts of climate change should also be
dered.

9.8.3 Water quantity

flow volume
ater control

Following the definition of the design rainfallyvolume, the design flow rate and the design
are {letermined. This flow volume is the most critical element for planning of stormw|

facilities. The calculation approach differs’depending on the stormwater control facilities to
In the case of facilities with storage function and hydraulic structures such as orifices and
apprpach of preparing a hydrograph from a hyetograph, such as a time area method or a me
simullation model, is employed ferevaluation of the existing facilities. It is also necessary to
at the same time the flow of tivers and channels within the basin related to the stormw

be planned.
pumps, the
thod using a
understand
ater control

facilities.

n situations
hilable, such
ased on the

Ratignal formula is ome-method applicable for hydrological computations but is not suitable
with|catchment stotage, or for large or unusually shaped catchments. Other methods are av
as the linear and\aonlinear reservoirs model. For precise hydraulic simulations, models h
-Venant equations should be used.

Water quality

When there are overflows from combined or separate SEwer systems, runoif irom non-point pollution
sources is likely to exert adverse effects on the water quality environment of receiving streams and
coastal zones. Not only the flow volume but also the water quality requires a survey. In this event, the
water environment of the basin concerned and the water quality of receiving water should be surveyed.
Predictive calculation should also be performed concerning the water quality when the stormwater
control facilities are completed and put into operation. Local conditions, i.e. the type of receiving waters,
the type of stormwater system utilized and the quality as well as quantity of stormwater discharged,
can sometimes dictate that the stormwater (and especially CSOs) may require treatment before its
release into the natural environment.
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9.9 Environmental investigation

The location of pollution sources (e.g. industrial, commercial and agricultural areas, roads) should be
identified and their nature, quality, quantity and potential environmental hazards reviewed.

The environmental impact will depend on the nature of the stormwater influenced by land-use activities,
whether it is mixed with wastewater and discharged from a combined sewer network or is collected
and discharged into the groundwater or receiving waters, and their sensitivity to the discharge.

Investigations might be required to determine where leakage from the stormwater system is affecting
groundwater quality, giving priority to drains which pass through aquifer protection zones or which

carry partig

The quality
and, if not, v

Considerati
potential so

When neces

9.10 Struc
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previous wd
system or T
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Uhether the stormwater system is a significant factor.

] contamination.

sary, surveys should be carried out to provide any data not available\from records.

tural investigation

int to ensure that investigation of the system is selectiye'in order to avoid duplicati
rk. The structural investigations may include either a:complete survey of the stormy
hore likely take a selective investigation. Consideration should be given to the agg
xisting infrastructure, geotechnical data, includingthe pipe bedding and surround, an
y of existing buildings and other utility services.

racticable, the recording of the structural~condition of stormwater systems shou
by an indirect system (e.g. CCTV) in order to avoid personnel entering the system. W
sible to obtain sufficient information from indirect inspection then direct inspection
hrough the pipeline) may be used..The stormwater system should be cleaned as necej
ossible to record and assess the.actual condition. The nature and quantity of any mat
N be relevant to the structural investigation. During the survey the system should be
ws as far as necessary.

bn of the system shouldbe observed and recorded as accurately and comprehensivd
A uniform coding system should be used to ensure that the results can be compared.

clude:
tablefissures;

htion;

bf surface receiving waters should be ascertained to see whether they meet the requirenpents
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displaced joints;
defective connections;
roots, infiltration, settled deposits, attached deposits, other obstacles;

subsidence;

in manholes and inspection chambers;
ical damage or chemical attack;

(mainly on open channels).
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Where appropriate, other qualitative and quantitative investigation techniques may be used. These
include sonar (for pipes that are filled with water) and ground-probing radar or other geophysical
techniques (e.g. for detecting voids behind the wall of the drain) or mechanical techniques (e.g. internal
jacking to measure the stiffness of the side wall support). Smoke testing for detection of leaks and cross
connections in sewers can also be carried out.

Investigation of the chemical composition of the groundwater and the soil should be carried out where
this could affect the structural integrity.

The results of the structural investigations can also be relevant to the assessments of the hydraulic
performance and environmental impact.

9.11f Operational investigation

Existing operational procedures, inspection schedules and maintenance plans sheuld’be identified and
docujmented. Evidence that operational procedures, inspection schedules and haintenange plans are
adhefred to should be available.

The frequency and location of recorded operational incidents (e.g. blockdages, pumping stafion failures,
drain collapses, sewer flooding, flooding) should be reviewed.

The {mpact of operational problems on the hydraulic, environmental-and structural performance of the
systdm should be determined from incident records.

The ¢auses of significant recurrent operational incidents should be investigated.

To deal with operational problems in the most cost-effective way, it is necessary to investigate and
undgrstand the causes. Economic impact should ‘be considered in operational investfgation (e.g.
quantification of the value of flood damage avoided/incurred).

9.12 Existing facilities

Wheh a plan is to be established, it is-essential to survey the existing stormwater control|facilities. In
this event, a survey should be performed on the layout, capacities and condition of existipng facilities.
For the facilities capacity, it is necessary to identify not the values used during design, byt the actual
capafity value.

9.13 Social consequences

The design criteria~should take into account the potential social consequences, including economic
factdrs. Investigatiors should be conducted to determine the actual versus the designed imjpacts.

10 Assessment

10 1 Intraduction
. I otrateron

The performance of the system should be assessed against the performance requirements. The process
for assessment is illustrated in Figure 9 and detailed in the following subclauses.
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Results of investigation (see Figure 7)
Assess hydraulic Assess Assess structural Assess operational Ide.ntifysocial .
performance environmental condition deficiencies benefits and public
impact satisfaction
Compare with performance requirements
" Idcutily N X - X X
Identjfy hydraulic unacceptable Identify structural | |Identify operational Identify service
defliciencies environmental deficiencies deficiencies deficiencies
impact

Identify causes of performance deficiencies

To planning

10.2 Assegsment of the hydraulic performance

The results
the hydraul
requiremen

10.3 Assegsment of environmental impact

The results

duration andl volume of discharges to receiving waters, determined using a verified flow simulation nj
(see 9.7) where this is available or from site measurements. This information should then be us

assess the e

The results
identify:

sources

exceedd

other d{

Figure 9 — Process for assessment

bf the hydraulic surveys and/or the verified flow Simulation model should be used to a
c performance of the system for a range of@rainfall conditions related to the perform
s (see Clause 7).

of the investigations should be considered together with information on the frequ

wvironmental impact (ineluding impact on soil and groundwater) of the stormwater syst

of the investigation' and the pollution sources location survey should be examing

of pollution;
nce of permissible concentrations and discharges;

bviations from permits.

BSESS
ance

ency,
nodel
bd to

ed to

The assessment of environmental impact should also cover the other impacts that the stormwater
system can have on the urban environment:

pests;

odours and toxic gases;

noise and vibrations;

quality of runoff (sediment quality, nutrient loadings and other pollutants, e.g. hydrocarbons).

Both qualitative data (such as citizen complaints) and quantitative data (from monitoring campaigns)

can be used

30

to perform this assessment.
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10.4 Assessment of structural condition

Once the system has been inspected, the next stage is to examine the results to identify those areas
requiring action.

10.5 Assessment of operational performance

The operational performance of the system as measured by the number of operational incidents or
failures should be assessed.

10.7 Comparison with performance requirements

The tesults of the assessment of the hydraulic, environmental, structuralland operational performance
should be brought together so that the overall performance of the system and its componjents can be
compared to the performance requirements (see Clause 7).

Perfgrmance indicators are one method of comparing the ¢verall performance of a dystem with
performance requirements. Any performance indicators usedshould be:

— ¢learly defined, concise and unambiguous;
— yerifiable;

— gimple and easy to use.

10.8 Identification of unacceptable.impacts

Detajfls of those parts of the system where the hydraulic, environmental, structural or|operational
performance of the system or its, components do not meet the performance requirements should be
recorded.

10.9 Identification of causes of performance deficiencies

Based upon the results of the hydraulic, environmental, structural and operational invest]gations, the
causes of performangce deficiencies should be determined. The relative impact of each cauge should be
assegsed in orderto develop appropriate solutions and to set the priority for action.

10.10 Setting goals

The |aSseéssment should confirm that the objectives (see Clause 5), functional requiréments (see
Clause 6) and performance requirements (see Clause 7) of the stormwater system design are met.
These should be supported by goals and targets to evaluate system performance. If certain targets are
not being met, explanation should be provided in order to address deficiencies.

10.11 Prioritization of measures

The predictive effects of climate change, such as extreme rainfall events, can exceed the design capacity
of the stormwater system. Progressive urbanization has also caused reduction in infiltration and water-
retaining capacities, resulting in increased runoff.

In order to prioritize flood protection measures, it is recommended that flood-prone and high-risk
areas are identified. Flood occurrence frequency, degree of damage, magnitude of risk, service level
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of the stormwater system and investment effects can be considered. This approach is considered to be
effective for areas where flood damage occurs frequently and the amount of damage is larger.

Prioritization should also consider the environmental impact of stormwater runoff.

11 Planning

11.1 Planning principles

The planning of a stormwater system determines the configuration of, and requirements for, the main

component

Planning pr

of the System.

nciples should be determined, taking into consideration the following:
nt with the objectives of stormwater management plans;

nt with local/regional development plans;

s and expectations of stakeholders;

pfits expected from the stormwater system;

inizational and financial capability of the wastewater or seéparate stormwater utility/
ible authorities;

ind financial performance;

planning;

nt with the existing municipal infrastructure;
requirements and site restrictions;

Cts of the system on the built andnatural environment;
p-economic effects of the system;

limate-change projections:

planning concepts

ment of the stormwater system, it is necessary to review beforehand what kind of faci
Principal aspects include:

topogFaphic conditions of the catchment concerned, approximate scale of pla
ents;

bther

lities

nned
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S;

ation

hydraulic characteristics: water level of rivers and groundwater, hydraulic characteristics of
planned components, response to change of flow;

water quality: of water bodies and groundwater, impact of planned facilities, influence on
receiving waters;

amenity: existing context, characteristics of the urban environment, liveability of the community

impact of the planned components;

biodiversity and ecology: existing biodiversity and ecology, connectivity and the impact of the
planned components.
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When stormwater causes flooding in an urban environment, detailed knowledge of the quantity and
quality of this stormwater is important for the planning process. The sources of pollutants, generation
of runoff, and temporal and spatial distribution of stormwater require an approach that targets quality
and quantity of the various pollutants.

11.3 System components

11.3.1 Overview

The system components can include:

— dource control facilities (green infrastructure such as green roofs or rainwater harvesting);
— ¢onduits, sewers, swales and other overland flow features to convey stormwater;
— gtorage or retention (detention) basins;

— (SOs (as a structure);

— Jpumping stations;

— $tormwater treatment facilities;

— infiltration facilities;

— gtormwater harvesting and utilization facilities;

— Tresidue disposal or reuse facilities;

— gystem controls, including real-time control.
11.3{2 Components for quantity control

11.3{2.1 General

Components for quantity controkean include any or all of the following parts.

11.3}2.2 Pipes or conduits

Pipes$ or conduits aresed for both collection and conveyance.

11.3|2.3 Inlet structures

Inlet| structures typically remove stormwater from surfaces such as streets or drajnage ways.
Storlrwater flows into the inlet and is then transported through the system.

11.3.2.4 Drainage ways

Drainage ways include open channels, streams, ditches and swales.

11.3.2.5 Flow controls

Stormwater can require some type of flow control to help avoid overloading one or more components
of the overall system. Flow controls include flow control orifices, weirs, check dams, gates, ditch checks
and backflow preventers.
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11.3.2.6 Storage, retention or detention facilities

Urbanization alters the natural stormwater regime and newly developed areas must not adversely
impact downstream areas. Storage, retention or detention facilities are used to minimize these impacts.

The storage, retention and detention facilities can be installed in, for example, gardens, parking spaces,
parks, school playgrounds or sport fields. These facilities are installed either above or below ground.
Stored or retained stormwater can be allowed to infiltrate into the ground or be directed into a drainage

system and

ultimately be returned to the natural environment.

11.3.2.7 CSOs

CSOs are st
events to th

11.3.2.8 Sy

Sustainable
infiltrate, tr

ructures normally necessary in combined sewer systems to limit the flow during ra
e capacity of the pipeline or the wastewater treatment plant.

stainable drainage systems

drainage systems simulate natural processes and flows. They are designed to collect, s
pat or reuse stormwater runoff before being released to the natural environment.

11.3.2.9 R¢adways

Roadways &
stormwater
prime impo
and carefull

11.3.2.10

Permeable
geocellular
the gravel sf

re primarily used to carry vehicular traffic. But in some ‘eases, roadways are part @
system and can be used as stormwater conveyance:routes. Vehicular traffic safety

[y coordinated with roadway authorities, emergenéy and disaster authorities and utilif]

Permeable pavements

avements allow water to infiltrate and. énter a gravel storage layer or proprietary mo
bystem underneath the pavement suxface. Infiltration can also occur through the bott
orage layer.

11.3.3 Components for quality control

11.3.3.1 Gg¢

Component;

11.3.3.2 St

Storage faci
wetlands. T
recreationa

tneral

for quality control-ean include any or all of the following parts.

prage facilities

ities inclixde storage, retention and detention basins, infiltration facilities and constr
hey can also provide a range of other benefits such as amenity and biodiversity, hab
epportunities and mitigation of the urban heat.

nfall

tore,

f the
is of

Ftance. Roadways used for conveying stormwater flgws should be appropriately designed

ies.

Hular
m of

cted
itats,

11.3.3.3 Debris and containment traps

Atrapisaunitdesigned to remove trash, litter, debris, coarse sediment, vegetation and other particulate
and particulate-associated pollutants from stormwater. Traps remove pollutants using screens, nets,
baskets and rakes. Skimmers are used to remove coarse floatables, fats, oils and greases.

CSOs and their outfalls should be designed to minimize the impact of any discharges on the environment.
Factors to be considered include:
flow rates;

— volume, duration and frequency of discharges;
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— pollution concentrations and loads;

— hydro-biological stress;

aesthetic impacts.

Treatment of discharges from CSOs can be required.

The pollution discharges to receiving waters from overflows and treatment works should be considered
together.

11.3

A sw
forcd
vortg
equij

11.3
Vault

means of removing particulate pollutants and floatables. The constricted outlets cause :

rise i

11.3

Cistd

3.4 Hydro-dynamic separators
irling motion of fluid around a common centre in cylindrical chambers prodteég
that adds to the gravitational force found with normal sedimentation. Thes€) irnits

x, cyclonic or centrifugal separators, are sometimes fitted with chemical (€@ ‘polym
bment to enhance their suspended solids removal abilities.

3.5 Vault setting tanks

s are essentially underground multi-chambered storage elemerts that induce set

n water level similar to retention basins.

3.6 Cisterns

an inertial
also called
er) addition

tling as the
| temporary

rns and rain barrels are common stormwater;¢ontrols. They can reduce the volunje and peak
runoff flowrate. They are also used for rainwater harvesting and utilization.

11.3}3.7 Filters

Filters typically have two stages, a pretréatment stage (settling chamber) and a filtering|stage (filter
bed)|with sand or other absorptive filtering media such as peat, compost, manufactured materials or
combinations thereof.

11.3}3.8 Bio-retention/biofilter

This junit typically consists-0f a grass strip, sand bed, ponding area, organic or mulch layer, planting soil,
internal water storage zonhe, underdrains, green roofs, rain gardens and pocket wetlands. Bio-retention
can e encouraged<or-on-site solutions for buildings, particularly commercial, public and Institutional
buildings, for exdmiple swale, filter strip and pocket wetland.

11.3

3.9 Stormwater treatment plants

Stor

water treatment plants, which may have a number of integrated equipment an
procgsm—mmW, ; :

l treatment

11.4 Asset-related solutions

11.4.

1 General

A stormwater system may comprise both active and passive assets. Active assets can be manually
or remotely controlled. Passive assets are fixed and cannot be adjusted. An active asset may include
equipment to be used for discharge of stormwater into the environment so as to mitigate flood damage
or reduce combined sewer overflow, and software to control the equipment. The active assets control
the flow and the water quality. Control of the flow not only prevents flooding but also controls pollutants
discharged via the stormwater system into the environment.
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11.4.2 Stormwater network

A stormwater network can include any or all the following components:
— collection and conveyance pipes or channels;

— inlets;

— manbholes;

— detention and retention facilities;

— pumpingstatiors;

— treatmdnt facilities;

— control structures (flow control orifices, weirs, check dams, gates);
— outfalls

— sustainable drainage systems.

11.4.3 Sustainable drainage systems

Sustainable|drainage systems are intended to collect, store, infiltrate’prtreat stormwater runoff before
being released to the natural environment. Sustainable drainage systéms can include:

— rainwatler harvesting;

— green rpofs;

— infiltratfion systems;

— proprietary treatment systems;
— filter strips;

— filter drfains;

— swales;
— bioretention systems;
— trees;
— pervious pavements;

— attenuafion storage tanks;

— detentienbasins;

— ponds and wetlands;
— rain gardens.

Besides volume control, sustainable drainage systems may also provide benefits for water quality by
intercepting part of the pollution that is carried by runoff. The periodic removal of retained pollutants
in soil or vegetation is required.
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11.4.4 Utilization of existing components

11.4.4.1 General

The stormwater utility should review and implement necessary measures for optimal utilization of
existing components. This includes evaluation of the stormwater system components and consideration
of the addition of further facilities for optimal utilization of existing assets. The following measures

should be taken into consideration.

11.4.

4.2 Optimization through augmentation, retrofitting and replacement

]

I
I

q

f

f
|

I

ross-section increase of pipes or conduits (e.g. pipe/conduit doubling)

n the hydraulic performance of the system certain pipe or conduit sections)with
ross-sections can cause backwater in the upstream areas of the system. Cofisequent
ossibility of flood damage both in these areas and in downstream areas through surfj

n order to mitigate or eliminate the danger of flood damage in theselareas, an inc
elevant cross-sections should be considered before undertaking further protection
he endangered areas.

etwork of pipes/conduits and pumping stations

istribution of stormwater among pipes and conduits ean be provided by appropri
onfiguration and control in order to fully utilize the network’s capacity in the surro

Depending on the size of rainfall area or shifting of rainfall, the place where flood dan]
o occur can also vary. In this event, a thoreugh review based on existing rainfall da
arried out to establish the optimal configuration and operation of the network.

mproved use of existing facilities through renovation

n order to improve prevention dnd mitigation of flood damage, improved use of exist
is small storage pipes and improved use of existing pumping stations as stormw
acilities should be planned-in‘the course of renovation.

The performance of existing stormwater storage facilities can be improved by introdji

low regulators.
Maximum use pfiexisting stormwater storage facilities

Dptimize the-storage capacities of existing stormwater facilities by utilizing their caj

maximuin extent as flow storage facilities.

Devélopment of the additional stormwater storage facilities to enhance the flow

or enhancement of the flow capacity and the prevention or mitigation of flood damage|

insufficient
y, there is a
ice flooding.

rease of the
measures in

hte network
unding area
age is likely
fa should be
ng conduits

hter storage

icing vortex

acity to the

capacity in

interaction with existing conduits

Flood damage can be prevented or mitigated through integrated system capacity enhancement,
including development of stormwater storage facilities on the basis of evaluation of the capacity of
existing conduits/sustainable drainage systems.

11.4.

4.3 Multi-purpose optimization of existing facilities

Combined sewer systems are designed to minimize overflows, especially during small rainfall events,
and not to generate flooding during storm events. Lack of real-time control can lead to overflows while
storage capacities in the system are available.

Real-time control enables dynamic operation of the stormwater system in order to optimize storage
capacities - either retention tanks or in-line storage.
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Real-time control relies on continuous monitoring and adjustments of actuated weirs, gates and pumps
for which optimal set-points are computed and applied. In the case of predictive real-time control, the
use of rainfall forecasts over the coming hours combined with hydrological and hydraulic modelling
enable anticipation of future flows and water levels to increase the efficiency of the entire system.

11.4.4.4 Obtaining benefit at an early stage by phased implementation
— Use of large trunk sewers under development as stormwater storage facilities

Large trunk sewers require a long time for full development, but may be placed in service
temporarily when development has proceeded to a certain extent to mitigate flooding.

When full development of trunk sewers and pumping stations requires time, the upstream tirunk
sewers fan be used as a temporary storage facility to mitigate flood damage.

— Early d¢velopment of diversion facilities

In order to ensure the flood control function of newly installed sewers, such as hypass trunk seyers,
itis ess¢ntial to allow water to enter at the point most effective for the prevention of flooding. Early
development of suitable diversion facilities from the existing conduit system to the new frunk
sewers [hould be considered. Note that the influence on the upstreankside should be taken into
accouny when designing the water diversion facilities structure from the existing conduit syjstem
to new jewers.

11.4.5 Asset-related solutions through collaboration with other projects

11.4.5.1 Géneral

In urban argas there are a large number of assets in addition to wastewater systems, including [river
control facilities, street drains and runoff volume retention facilities (e.g. ponds and forests in pqrks).
By using thq capacity of these other assets (infrequently) to the maximum extent through collaboration
with their r¢levant authorities, it can be possibléto prevent or mitigate flood damage.

11.4.5.2 Cqllaboration through directiconnection of the river retention

Collaboratidn through direct connection of the river retention basin with the stormwater stqrage
facilities of the stormwater system.

11.4.5.3 Collaboration with'channels

Drainage syjstems otherthan rivers, such as channels, can be effective in mitigating flood darhage.
The capacity of exisfing channels and canals should be evaluated and measures to ensure effective
interaction with the“stormwater system should be developed. The existing channels’ capacity to tore
and convey|exeess stormwater flow without sustaining erosion damage should be evaluated and, if
necessary, theschannels should be lined in order to prevent such damage.

11.4.5.4 Collaboration through reinforcement of the capacity of intake facilities

In the event of local heavy rainfall within an extremely short time, there are cases in which the intake
points at which stormwater flows into sewers act as a bottleneck, causing flood damage.

Through collaboration with road authorities, provision of transverse and longitudinal street gutters,
the addition of stormwater inlets or the replacement of solid covers with grating covers, flood disasters
can be prevented or mitigated. Gutters should be designed so that their intake capacity does not readily
deteriorate as a result of blockages from fallen leaves or waste. Reconstructing the cross-section of
roads as a trough can prevent damage to houses and other assets.
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11.4.5.5 Installation of small stormwater storage and infiltration facilities under street
gutter gullies

Roads have high runoff ratio, but their space is a wide valuable space within the city. It is worth
considering mitigating flood damage by installing stormwater infiltration storage and infiltration
facilities under street gutters or pervious pavements, thereby using the road space more effectively.
Stormwater infiltration and storage facilities should be provided at points where road runoff

concentrates, taking the necessary space for emergency vehicle traffic into consideration.

11.4.5.6 Collaboration with parks, green spaces, school playgrounds, parking spaces, paddy
fields and farm ponds

Thro
field

Spec

ugh collaboration with relevant stakeholders, parks, green spaces, school playgre;
5 and farm ponds can be used to mitigate damage up to a certain design floodinglevel

fically, there are cases of using abandoned farm ponds for stormwater stordge; storing

in paddy fields, school playgrounds or ball fields by lowering the ground level!

11.4

Rund
of th

Spec
park

Rung
agrid
strip
river

11.4

5.7 Collaboration with land-use authorities

ff volume into the stormwater system is greatly influenced by dand use. Maintaining g
e use of land with a relatively small runoff ratio should be considered to mitigate flood,

fically, efforts should be made to preserve forests and trees in collaboration with f
authorities.

ff from agricultural practices can profoundly affect the quality and quantity of
ultural areas. Good practices include contourploughing, the provision of protective
s along river and stream banks, and livestockwatering facilities to prevent livestock fn
s and streams for watering.

5.8 Collaboration with urban planning divisions to provide guidance for develop

stormwater retention and infiltration facilities

In u
infilt
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and 4

Indiy
runo|

11.4

'ban development activities\it is possible to include measures to reduce runoff a
ration of stormwater, beth/in public areas and private properties. In this event, effor
tigate flood damage in ‘eollaboration with the urban planning division by providing §
opment of facilities-capable of runoff retention on the basis of the state of the stormw
he receiving waters:

idual stormyater storage and infiltration facilities in public and private properties ¢

fff volume-to’the stormwater system.

5.9, Collaboration with building code authorities
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for the construction and renovation of stormwater management systems, in particular for residential,
industrial, commercial, public or institutional buildings.

11.4.

5.10 Collaboration with the river authorities

A river retention basin can be in the same structure as a stormwater storage facility. Prevention and
mitigation of flood damage at low cost are possible by constructing multi-function facilities with
partitions.
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11.4.5.11 Collaboration with the river division and local landowners to enable permanent
and effective use of temporary retention areas

In the course of development activities, regulations can require the construction of so-called temporary
retention areas as stormwater infiltration and storage facilities to suppress runoff to rivers.

In collaboration with the respective landowners, efforts should be made to ensure the permanent and
effective use of such retention areas by identifying their function as part of the stormwater system
in planning instruments and improving their functionality (e.g. by modifying the outlet) to ensure

maximum use of their capacity relative to the needs of the stormwater system.

When imple

nnfing the measureslisted ahnvp’ stormwater utilities and other stakehglders shoul

attention to
the proper f]
inlets and s
from channg

11.4.5.12

Consult wif
emergency
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11.5 Non-asset-related solutions

11.5.1 Genleral

In the past,
stormwater

A trend for locally concentrated heavy rainfall events with flood damage has been identified acrog

world. Plani
to address t
widespread
asset-relate

With this b
solutions, in
and window

Non-asset-r¢

play extremlely importaiit roles as a part of future stormwater measures. Such self- and cooper3

supporting
to be taken
supporting

the related operation and maintenance activities. These should be carried out to allg
unctioning of the facilities and systems and include measures such as cleaning stormy
forage tanks of collected sediment and debris, removing obstructions (e.g. tree /bran
ls and streams after each storm and repairing any resulting erosion damage.

Collaboration with emergency response departments

h emergency response authorities regarding flood risks and’mitigation meas
Fesponse and access requirements. These should be considered.as part of system d
jance.

measures to control flooding have generally*been asset-related, such as constructi
sewer systems.

ing processes are being used to develop step-by-step solutions for stormwater manage
his trend. Because of the long tithe/required for the development of new facilities, as w
financial constraints, it is difficult in practice to cope with such a trend simply by instg
l measures.

hckground, it is necessary to minimize flood damage by incorporating non-asset-re
addition to conventienal asset-related solutions, for example installing flood-proof ¢
s, raising electrical’Sockets or signing up to receive flood warnings.

blated solutiohs” based on self- and cooperative-supporting activities are expectg

hctivities cannot be expected to develop unless it is understood what kind of action
by ldeal residents. It is essential to deepen local residents' understanding of these
\d. Cooperative stormwater flood prevention measures and to obtain their participati
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In most cases, non-asset-related solutions can demonstrate effectiveness when combined with asset-
related solutions. In developing an effective stormwater management approach it is necessary to
incorporate the efforts of reaching the goal with a step-by-step approach based on the regional
conditions.

11.5.2 Demand control

With increasing urbanization, there is an increased demand on stormwater systems. If this demand for
stormwater systems can be controlled, the impact of flooding in urban areas and water environments
could be mitigated while contributing to saving of the investment and operations and maintenance
costs for the stormwater system.
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A demand-control approach can include:

11.5{3 Flood resilience approaches

The

Approaches to fulfil these objectives include:

11.5}4 Disaster preparedness and résponse

11.5{4.1 Preparedness

The

an effficient response to stoymwater crisis events:

charges and duties related to stormwater drainage on the basis of the size or ratio of the

impervious area;

subsidies for a part of the costs of installing the facilities to store stormwater on-site;

deregulation of the floor area ratio and building coverage of a new building, provided that the

stormwater storage facilities are integrated within the building;

facilities which promote sustainable drainage systems or green infrastructure.

bjectives of flood resilience approaches include:
flood avoidance: minimizing the risk of floodwater reaching property by redirecting wj

flood resistance: minimizing the risk of floodwater entering buildings by closing
¢ntry points;

flood resilience: floodwater might enter buildings but resilietice features will ens
permanent damage is caused, structural integrity is maidtained and drying and ¢
facilitated.

uilding aperture technologies;
erimeter technologies;

uilding elevation above flood level.

following actions should be considered to ensure an appropriate level of preparedness

identify and dedicate resources (e.g. human, physical, financial);
develop an gmergency action plan (EAP);

irain operating team(s) to implement the EAP;

ater;

/protecting

ure that no
leaning are

and provide

Tisseminate the EAP and communicate this to the public;

engage with the population located in the critical areas to make them aware of the nature of the

risks, and what they should do in each emergency situation;

regularly verify and update the EAP.

It is necessary to have clear predefined procedures, accessible in dedicated documents, covering all the
actions to be engaged before, during and after the crisis event. These should be contained in the EAP
document.

The main topics to be covered by the EAP are:

identification of risks to be considered (e.g. flood prone areas);
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— definition of roles and responsibilities of all the relevant stakeholders, such as:
— stormwater utility;
— emergency response authorities and organizations;
— subcontractors;

— definition of warning levels and associated thresholds, considering early warnings, on-site
monitoring and other possible observations. As an example, five levels can be considered for
flooding:

— levfI U -no warning: no rain expected,

— level 1 - flood watch: rainfall event expected;

— level 2 - flood warning: flooding expected;

— level 3 - flood alert: major flooding expected or flooding event currently occurring;
— level 4 - post-event recovery: flooding and rain ceased;

— definitipn of actions according to the previous warning levels, with allrelevant information (e.g.
contact|details of all stakeholders).

Table 6 provides examples of actions related to flood managemetit.

Table 6 — Warning levels and actions related to flood management

rpin R .
Wa g Description Actions
Leyel
0 No warning Routine actiyities including training or operational teams,
(flood clear) regular communication with population and dissemination of
EAP.

] Flood watch Enhanted supervision, restricted communication, verifica-
tion. of the functioning of communications with remote sites,
verification of the functioning of monitoring sites, launch of
rapid inspections of flood protection structures and clearing
of debris if required.

] Flood wathing Thorough supervision, extended communication, ensuring
on-site teams in guard houses, contact with emergency re-
sponse authorities.

Flood alert Crisis supervision with all key people, triggering of alarms to
warn population, activation of satellite phones, close interac-
tion with emergency response authorities.

Post-event recovery |Informing the population, supporting emergency response
authorities, sending operators as soon as possible to check
structures and perform observations, debriefing.

— information management: defines how the EAP should be disseminated;
— training procedures;

— revision procedures: defines how and when the EAP should be revised in order to ensure that it
remains up-to-date (e.g. contact details of stakeholders).

11.5.4.2 Self-supporting measures

Self-supporting measures contribute to mitigation of flood damage in the downstream area as well
as supporting self-defence reaction on the basis of understanding the effects of public-supporting
measures and any residual flooding state. It is essential that the representatives of the local residents
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and the government select the measures that can be introduced. The prerequisite for self-supporting
measures is the cooperation from local residents and can include measures such as:

— frequent cleaning of road stormwater inlets;

— placement and stacking of sand bags during heavy rainfall;

— 1

ocal flood-monitoring protocols;

— self-training to prepare local residents for disasters;

— collaboration with disaster volunteers;

— ilnstallation of removable flood barriers.

11.5
The

—

— notifying neighbours and business owners in case of evacuation;

—

—
f

11.5

Publ
colle
activ

Publ
throt
such

— iﬁlcentives such as reduced charges to customers that can demonstrate on-site retentig

—

In cs
supp|

draiage-facilities and the provision of real-time flood information.

4.3 Cooperative-supporting measures
fooperative-supporting measures involve activities to mitigate flood damage by mean

ooperation between residents, asset owners and facility administrators within the re

ollective evacuation activities;

ommunication training on a routine basis, such as clearing street gutters and catch b4
ront of properties of fallen leaves and other debris.

4.4 Public-supporting measures

c-supporting measures can include the\‘establishment of an efficient maintena
ction and supply of information, collaboration with other entities and assistance to sel
ities.

c-supporting measures are ofténlimited by available financial resources to reduce
1gh effective measures, development of facilities and operation of existing facilities.
measures include:

se of stormwater;
inancial support-for installing backflow preventers or pumps to avoid basement flog

evere stormevents.

ort ta-the self-supporting measures by means of advance publication of the state of dey

5 of:

bion;

sin inlets in

hce system,
-supporting

flood risks
Examples of

n, use or re-

ding during

ses where flood risks are difficult to reduce, it is important that the administratipns provide

relopment of

Publ

c-supporting measures should also include public education on flood risk and flood risk reduction

initiatives. Education on maintenance of backwater valves, sump pumps and other lot-level flood risk
reduction mechanisms is also prudent.

11.5.5 Emergency response and recovery

11.5.5.1 General

Disasters usually strike suddenly and unexpectedly. The immediate response to an initial flood
inundation incident should be undertaken as part of organisational emergency procedures. A joint
tactical and operational coordinated response with emergency services and relevant authorities should

be in
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