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Preface

These Guidelines have been prepared within the framework of the Fifth Phase of UNESCO’s
International Hydrologic Programme as a contribution to Theme 7: Integrated Urban Water
Management, Project 7.1 Non-structural flood control measures to balance risk-cost-benefit
in flood control management in urban areas. Flooding in cities originates from extreme high
flows and stages in major neighbouring rivers as a result of extreme area-wide
meteorological disturbances, as well as from local severe thunderstorms occurring over the
urbanised areas. This document takes into account the physical damages and the
consequences of pollution caused by urban flooding.

The primary target audience for these Guidelines is government professionals at all
levels engaged in the planning and implementation of flood mitigation programmes.
Consulting engineers, urban planners, educators and legislators may also find this document
interesting and useful for widening the scope of their work.

The purpose of the Guidelines is to offer a set of complementary approaches to
already well-known engineering, structural measures, rather than to propose ready-made
solutions. Flood mitigation is a site-specific discipline, institutionalised through local
governments and founded on integrated, multidisciplinary consideration of various concepts,
measures, and technique. It aims towards flooding control solutions that satisfy the
requirements of environmental and economic sustainability. It requires public participation
based on an ongoing development of public awareness as well as on the evaluation of the
past experience.

Rehabilitation of forgotten wisdom, application of modern communication means,
education, and training are the cornerstones of the process of changing public perception of
flooding, the primary prerequisite for introducing non-structural flood management measures
into common practice.

Ivan Andjelkovic
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1. Origin, status and perspectives of flood management

1.1. Origin of floods

Floods are natural disasters that have been affecting human lives since time immemorial.
Throughout history, nature has shown little respect for man's unwise occupancy of nature's
right-of-way and has insured that the message has been clearly understood by sporadically
flooding people's properties and taking their lives.

Flood are associated with some extreme natural events that happen on a
geographical area known as a drainage basin, which is also referred to as a river basin, a
catchment area or a watershed. Drainage basins can be rural (natural) and urban, the former
commonly being much larger than the latter. Hence, flooding can be rural and urban. One of
the goals of these Guidelines is to clarify the difference between floods in those two
environments.

An extreme natural event only becomes a disaster when it has an impact on human
settlements and activities. Therefore, there is both a strong social and natural science
component to floods.

The basic cause of rural or river basin flooding is heavy rainfall or rainfall combined
with snowmelt, followed by slow development of flood flows, which exceed the capacity of
natural waterways. Other causes of rural floods are:

- surcharge in water levels due to natural or man-made obstructions in the flood path
(bridges, gated spillways, weirs)

- sudden dam failure

- landslide

- mud flow

- inadequate urbanisation (excessive encroachment in the floodway)

- ice jam

- rapid snowmelt

- deforestation of the catchment basin

Rural floods are river-basin events, whereas urban floods can have both area-wide and
local origin, and are accompanied with serious water pollution problems. Urban flood
occurrence is not bound by local administrative boundaries because stormwater drainage and
protection facilities are part of an environmental system that is larger than an incorporated city
territory.

A large portion of the world's population lives along river banks because the streams,
aside from providing water for human use, industrial production, and sanitation, have built over
geological time alluvium deposits that created the best agricultural lands. Urban settlements
organised the protection against flooding by building dikes and river training works, whereas
most of the land behind the line of protection has remained unchanged.



Streams carried eroded material from the upper parts of the watershed into the lower
segments of the river course. Alteration of the sediment transport pattern in the rivers caused
sediment deposition and gradual elevating of the natural riverbed. The land adjacent to the
river became higher in elevation than the land farther away due to the continuous deposition of
the eroded material. In such a way, natural water stages became elevated as well and flooding
of the riverbanks was made possible.

1.2. Different aspects of flooding

Flooding has several aspects, such as climatic, social, economic, institutional, and technical,
that are differently addressed for rural and urban conditions.

The climatic of flooding deals with the climatic conditions that may lead to the
occurrence of floods. In urban conditions, short and intensive showers proved to be just as
critical as long lasting rains, but in rural conditions long lasting rains over an area-wide territory,
accompanied with snow melting in the river basin, are recognised as possibly more influential.

The social of flooding deals with the way the floods occur in different settings. In urban
conditions, one can negotiate the intensity and frequency of the disruption of public life and
traffic, whereas in regional conditions the common term is disaster, although there were many
situations where local urban flooding had disastrous consequences (casualties and property
losses) as well. However, floods do not necessarily always need to be associated with
disastrous consequences.

The economic of flooding deals with the issues of financing the capital improvement,
operation, and maintenance of flood protection schemes. Local stormwater drainage and flood
protection is usually financed by local revenues, such as local taxation, service fee, or user
charge fee, collected on the basis of land use, whereas the regional protection is mostly carried
out through general taxation.

The institutional of flooding deals with the role of governments in the process of
decision making. In local conditions all major decisions are made by local governmental
institutions and water-related companies, whereas in regional issues federal government and
ministries take over the full responsibility. Increasing participation of non-governmental
organisations is becoming noticeable as well.

The technical of flooding deals with the concepts and works usually applied in flood
protection. In urban conditions, the "dual drainage" concept is most commonly applied,
introducing the distinction between the stormwater drainage service and urban flood protection,
whereas in area-wide conditions flood control measures are always regarded as a part of the
regional or state-wide flood control schemes.

1.3. Flooding in urban environment

Cities concentrate production and population and provide some obvious advantages over rural
settlements. Those are, among many, lower specific cost for the provision of potable water
supplies, sewers and drains, garbage collection, telecommunication, transportation and most
forms of health, educational and emergency services, as well as the possibilities of collecting
taxes and charging the public for providing different communal services. On the other hand,
the concentration of domestic, commercial and industrial wastes causes major environmental
and health problems for the city inhabitants that are spread by water movement. Principal
phases of the urban water cycle are given in fig. 1.1.
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Fig. 1.1. Movement of water in urban environment

In the past, due to the absence of planning, expansion of cities took place on the best
quality farmland in the vicinity of the waterways. The result of that process is the present
situation in cities of both the developing and developed countries, where poorer, but larger,
segments of population live on land which is ill-suited to housing, because those are the only
land sites they could have afforded. People that occupy the high lands in cities rightfully take
the advantage of their favourable elevated position, but very often the level of their financial
participation in flood control is below the level of their contribution, expressed in monetary units,
in worsening the problem of urban flooding.

Cities have been permanently developing their water-related infrastructure and
discharging their urban waters into the nearest water body. During time, natural, undisturbed,
discharging conditions were becoming deteriorated due to the raising of the river water stages.



The problems of discharging urban waters became particularly expressed at the sites
where waste water and storm water were being conveyed in common trunks, due to
submergence of the outfalls and possible back-flow during high water stages. It is not
uncommon that normal flood control measures between the flood protection dikes are
performed simultaneously with the emergency, near-to-accident, measures behind the dikes,
where mixed waste and storm waters overflow into basements or flow out onto the streets
through street grated inlets (fig 1.2). Urban waters proved to need an integral treatment.
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Fig. 1.2. Possible different flooding conditions in urban environment



The primary cause of urban flooding is a severe thunderstorm or a rainstorm
proceeded by a long-lasting moderate rainfall that saturates the soil. Floods in urban conditions
are flashy in nature and occur both on urbanised surfaces (streets, parking lots, yards, parks)
and in small urban creeks that deliver water to large water bodies. Other causes of urban
floods are:

- inadequate land use and channelisation of natural waterways

- failure of the city protection dikes

- inflow from the river during high stages into urban drainage system

- surcharge due to blockage of drains and street inlets

- soil erosion generating material that clogs drainage system and inlets
- inadequate street cleaning practice that clogs street inlets

Floods disrupt the social systems of the countries and the cities, and cause enormous
economic losses. Impacts produced by increased runoff in urban setting are the following:

- loss of human life

- flooding of housing, commercial and industrial properties

- flooding of streets, intersections and transportation systems, causing traffic delays
- recurring basement backups from surcharged sanitary sewers

- inflow of stormwater into sanitary sewers

- municipal waste water treatment plant by-passing

- combined sewer overflows

- spilling the surcharged sewers content into streets

- damage to public and personal property

- health hazards

- disruption of services such as water supply, sewerage and power supply
- delays in public transportation

- cleanup demands

- adverse effects upon the aesthetics

- disturbance of wildlife habitats

- economic losses

- pollution of local waterways and receiving water bodies

1.4. Hydrologic impacts of urbanisation

Urbanisation has many definitions. One of the simplified ones describes urbanisation as a
process of artificial land use alteration during time. Temporal dimension of urbanisation is
usually quantified by a design period, defined as a period of time in which reliable forecast of
urban changes can be made. It usually ranges between 15 and 25 years.

Conversion by people of pervious natural surfaces to less- or non-pervious artificial
surfaces is responsible for increases in both the stormwater runoff rates and the total runoff
volumes, due to decreasing the natural water storage capacity of the soil. Natural storage in a
watershed is being made available by the effects of infiltration, vegetation wetting, interception
and depression storage. An often neglected fact is that change of natural water storage as a
consequence of urbanisation, also causes significant changes to the temporal characteristics
of runoff from an urbanised area, such as shortening the runoff travel time and giving to the
event a flashing appearance.

Urbanisation is also responsible for an alarming increase of pollutants in natural water
bodies. Stormwater runoff may contain organic wastes, nutrients, bacteria, suspended solids,



heavy metals, oils, animal waste, tire and vehicle exhaust residues, de-icing chemicals, street
litter, and sediments from construction sites. Improvements in sampling and monitoring
techniques indicated that there is a rapid increase in concentration of pollutants which occurs
throughout the storm event. Effects of urbanisation on urban waters are simplified in a
graphical form in fig. 1.3.
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Fig. 1.3: Hydrological impacts of urbanisation

In some ancient civilisations, stormwater was stored and preserved. However, during
the industrial revolution the stormwater has been considered a nuisance in urban life and water
was evacuated from the city areas as fast as possible. Urbanisation changed natural runoff
pattern and accelerated transport of water, pollutants and sediment from the urban areas. At
the same time, effects of the rural areas on natural waters changed significantly by
deforestation and by the introduction of fertilisers in agriculture.

The traditional “efficient conveyance” approach was shifted gradually towards the
“water storing” approach, focusing on detention, retention and recharge. However, since
stormwater was becoming a significant source of pollution, new concepts of source control,
flow attenuation and treatment in natural and artificial biological systems were introduced.
There is no doubt that in near future urban stormwater will become again a precious resource
for man's survival.

Stormwater may be discharged in a number of ways. Pipes, channels, and drainage
ditches are the most obvious ones. But stormwater discharges can also appear in a form of
small rivulets in dirt roads, swales, infiltration soakways, porous pavement, and different
depressions on the ground surface. Even "sheet flow", like that across a flat area, is



considered a stormwater discharge if it ends in a storm sewer or any receiving water body.

Urban stormwater control systems have two components: (i) the system "minor", a
stormwater drainage system conceptualized on the basis of a pre-determined level of accepted
risk, composed of sewers, open channels, curbs, gutters, inlets and swales, and (ii) the system
"major", which operates whenever the capacity of the other system is exceeded and is
composed of natural and man-made flow paths that lead excess overland flow towards the
receiving water bodies. Many communities have not recognised that system major existed until
a severe runoff event occurred. To their dismay they discovered that system “major” included
their homes, basements, industrial areas, parks, and commercial buildings constructed in low
lands.

The problems caused by excessive precipitation in urban setting are ordinarily grouped
in five categories:

- stormwater drainage and flooding control
- soil erosion

- sedimentation of eroded material

- pollution of land and water bodies

- interference with groundwater supply

1.5. Perspectives of flood management

Floods cannot be prevented but planning the emergency measures through flood management
can often reduce their disastrous consequences.

Inception of flood management normally begins after a major flood event. People
always have some other priorities until a major disaster happens. Throughout history, progress
in water-related disciplines often came as a reaction to severe emergency situations : water
supply systems were extended after major droughts, sewerage systems upgraded after
outbreaks of major epidemics, pollution control schemes introduced after major spills of
pollutants that destroyed life in water courses, and stormwater drainage systems built after
major floods.

Flood management is a broad spectrum of water resources activities aimed at reducing
potential harmful impacts of floods on people, environment and economy of the region. The
main limitation of the current flood management methodologies comes from favouring mostly
economic impacts and paying minor attention to the environmental and social impacts of
floods.

Current urban flood management practice includes an non-quantified safety factor.
Because statistically homogeneous measured data from the past is generally lacking, one
cannot predict frequencies of occurrence of various runoff features such as peak flows,
volumes, overflows etc. However, there are places where reliable precipitation and runoff data
are readily obtainable. The fact that a particular outflow can result from many combinations of
hydrologic conditions is often neglected. Two identical rainfalls do not necessarily create
identical runoffs, because of possible different antecedent conditions in the drainage basin.
Therefore, flood management policies should be basically founded on mathematical modelling
and sound engineering practice rather than on statistic and probabilistic analyses.

Total flood protection is unrealistic and unwise. The ultimate goal of flood loss
prevention is the improvement of the quality of life by reducing the impact of flooding and flood
liability on individuals, as well as by reducing private and public losses resulting from the
flooding. The objectives of the urban flood management are to provide answer to the question
of how to deal effectively with the possibility of flooding in urban environment and how to cope
with the associated uncertainties.



2. Unified urban flood management

2.1. Flood management planning

At the heart of master planning lies the identification of problems, opportunities and constraints,
the setting of goals and objectives, the establishment of policies and priorities that govern
overall effort, and, finally, the development of criteria and standards for evaluating systems’
performance under future development scenarios.

A primary goal of the urban flood management is to have a unified conceptual program
for stormwater drainage and flood control, in order to mitigate future flood damages while
systematically reducing annual flood damages. Goals serve to orient planners and those who
wish to develop property within the community.

Objectives of flood management are specific final results that have to be achieved in a
predetermined time frame. Those are:

- reducing exposure of people and property to flood hazards

- reducing existing level of flood damages

- minimising soil erosion and sedimentation problems

- protecting environmental quality and well-being by reducing in-the-catchment pollution
- improving the usefulness of floodplains

- minimising receiving water pollution

- reducing future after-development flow rates to pre-development levels

- enhancing recreational opportunities and improving overall urban amenities
- replenishing ground water

- supplementing domestic water supply

- capturing water for irrigation

- protecting public health

- providing open space and parklands

- using stormwater as a resource

Objectives are accomplished by incorporating them into a policy. To be effective, the
policy must recognise the need to treat developed and undeveloped land separately.

Criteria are specific operational, performance oriented, requirements relative to
construction, operation and maintenance of stormwater drainage and flood control facilities.
They should be reviewed periodically and revised in the light of new knowledge and changing
urban circumstances. Unless otherwise required, reviews of criteria should be made at time
intervals ranging from five to ten years.

Goals, objectives and criteria represent the cornerstones of an urban master planning
process. This process should result in a document that is commonly known as Urban Flood
and Pollution Control (UFPC) Master Plan. This document is becoming an inevitable planning
document that directs flood and pollution controlled urbanisation in an undeveloped or
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underdeveloped area or mitigates adverse consequences of flooding and pollution in the areas
that have already experienced flood and pollution problems. In other words, there are two
aspects of stormwater master planning: preventive and remedial.

Following the UFPC Master Plan approval, when funding is assured, detailed plans and
designs are prepared as an advanced step toward implementation.

Traditional Master Plan determined concepts of how to reduce future flood damages.
They defined what was needed to be done, at what cost, and were followed by structural flood
control measures. However, in practical applications it was recognised that, in order to facilitate
the implementation and to ensure the realisation of the objectives, a variety of additional pre-
flood and post-flood mitigation activities would be needed, usually recognised as non-structural
measures. Today, both structural and non-structural measures, adequately related in time and
space, represent the cornerstones of an unified contemporary urban flood management
concept (fig 2.1).

: Strucharal
I Moasures
Pollulicn
Urban
Fload
Managameant
UFPC
M ibas
Planing

Fig 2.1. Unified urban flood management

Contemporary Master Plans, commonly known as Flood Studies, can be used as the
means of raising public awareness of flood hazard situations and as an initial planning
document.
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The scope of master planning and concepts commonly used are briefly described in the
remaining part of this chapter, while all other chapters of the Guidelines are dedicated to non-
structural measures. It is the author's opinion that the target audience for these Guidelines may
be very diversified and that some basic information on technical aspects of the flood
management would be helpful in understanding the role of non-structural measures.

2.2. Scope of master planning

The flood management master planning process is a system approach that includes:

(i) setting up preliminary goals and objectives for a foreseeable future, consistent
with laws in force and other constraints
(ii) documentation of the problem; investigation of the causes of the problems;

determination of needs and the planning criteria

(iii) problem inventory; appraisal of feasible solutions; setting up flooding standards
based on social, economic, and environmental factors

(iv) collection of all baseline data and identification of baseline conditions, including
political, geographic, hydraulic and environmental issues

(v) systematic interviews and site visits

(vi) description of the existing stormwater practice and its inadequacies

(vii)  definition of hydrologic conditions and constraints that proposed changes or
development would have on baseline conditions

(viii)  definition of interdependencies with neighbouring administrative areas an
related municipal infrastructure services

(ix) analytical work that includes hydrologic, hydraulic and water quality analysis

(x) definition of priorities and alternative solutions (interim solutions, long-range
solutions)

(xi) description and cost estimate of proposed facilities and measures

(xii)  benefit/cost analysis and comparative evaluation of alternative solutions,
including valuation of benefits, damage assessment, cost of traffic disruption,
environmental and social factors; other assessment techniques that are more
appropriate to urban conditions

(xiii)  recognition of alternative plans; recognition of emergency plans

(xiv)  practical financing program; identification of the sources of funds

(xv)  drafting legal documents needed to implement the adopted measures

Preventive master plan for an individual basin includes evaluation of the basin
hydrology under existing conditions in order to identify existing drainage problems. Basin
hydrology is then analyzed assuming full development of the basin area in order to identify
improvement necessary to serve future development. Two approaches are common: to
perform cost-benefit analysis where flood damages can be identified, the minimum of which
determines the solution to implement, or to comply with the locally adopted stormwater
drainage criteria based on a pre-determined, commonly accepted, level of risk. Three principal,
performance oriented, criteria are usually applied such as:

- storage volume criterion
- effluent concentration criterion
- long-term pollutant removal criterion
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Remedial master plan is site specific and less standardised in scope, since the
problems of flooding and pollution can be solved only by creating a Chinese menu-type mosaic
of different methods, procedures and techniques that best suit local conditions and required
accuracy.

2.3. Basic concepts used in master planning

Comprehensive master planning is the starting point for providing an efficient management
plan. On the other hand, there are schools of thought that promote stormwater drainage
planning based on engineering judgement tempered by experience. The truth is that only the
combination of the contemporary analytical approaches and empirical techniques may lead to
an integrated, environmentally sustainable and economically feasible management plan.

In order to eliminate any eventual impression that these Guidelines underestimate the
importance of thorough planning, (because of not dealing with master planning in details),
basic concepts used in urban flood management planning are given hereafter. It is the
intention of these Guidelines to promote, but not to limit to, five aspects of urban flood
management:

- scientific aspect, because of research and deductive reasoning being used

- artistic aspect, because of creativity needed

- technical aspect, because of approximations needed due to shortage of reliable measured
data

- legal aspect, because of legislature needed to enforce the proposed measures

- political aspect, because of priority issues and necessary trade-off between the calculated
risk and the proposed protection level

2.3.1. Holistic and integrated approaches

The holistic approach recognises drainage system complexity and inter-connectivity of its
elements and is also known as the ecosystem approach. For a holistic approach, three groups
of objectives must be addressed on a river basin scale, such as social, economic and
environmental. The solution needs to be found in a triangle of geoscientists, environmentalists
and urban planners that have to be brought together at early stage of flood mitigation planning.
For example, utilisation of stormwater may greatly affect the reduction of potable water
consumption. If all toilets are flushed with stormwater instead traditionally with potable water, a
30% reduction is achieved.

Integrated approach is another term for the same concept and is traditionally used in
urban conditions. It understands a comprehensive consideration of interactions between
stormwater drainage and flood control on one hand, and a number of disciplines such as water
supply, wastewater collection and treatment, water pollution control, water reuse, soil erosion,
solid waste management and urban development, on the other. Integrated approach to urban
flood management also understands harmonisation of relevant local and state laws dealing
with urban development, environmental protection, use of water and management of
communal infrastructure systems.
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2.3.2. Sustainable development

Sustainable development represents a new approach that stipulates that human needs of the
present should be met without undermining the resource and ecological base which future
generations require to meet their own needs. Meeting economic, social and political goals falls
within the sustainable development as well. Where social issues exist, political issues emerge
inevitably. A successful city in sustainable development terms is the one where many different
goals of its inhabitants and enterprises are met without passing on cost to other people in
space or time.

In stormwater drainage control and flood management, source water discharge and
pollution control is a key concept supporting sustainability, since it is focused on prevention,
rather then on the cure of water quantity and quality problems. Anticipated benefits of the
source control concept are:

- reduced capital expenditures downstream of source control due to reduced need for
upgrading the conveyance system

- reduced flows to water treatment plants

- reduced river flooding risks

- natural replenishment of groundwater

- improved river water quality

- maintaining the existing and creating of new wildlife habitats

Issues of who benefits and who pays often hamper source control efforts. The key
objective of a source control development process is balancing the rights of property owners
and other affected by source measures with the rights of individuals whose health and welfare
depend on the quality of source measures that could be degraded by the exercise of
unrestricted property rights.

Recognised barriers to this new concept are danger of groundwater contamination,
unknown costs, lack of information on long-term performance, as well as the lack of experience
in maintenance, health and safety.

It is certain that traditional stormwater systems designed according to the “efficient
conveyance” principle will be used in central parts of cities for a long time. There will be
situations where some source control measure is implemented, but the major improvement of
the existing systems will mostly be achieved by the end-of-pipe measures. However, full
recognition and implementation of the source control concept is expected to occur in newly
developed areas, where timely and thorough planning is possible.

2.3.3. Dual-drainage concept

Detrimental effects of urban flooding during extreme rainfall events, when conduit design
capacity is exceeded, can be mitigated by configuring urban surfaces so that they direct
excessive surface runoff to areas where the damage will be minimised - parks or less dense
populated parts of the city.

This new principle of stormwater management requires communication of water
engineers with local planners and their active participation in the planning process.

A significant role in the dual-drainage concept is awarded to streets and other urban
traffic arteries, in a sense that they are expected, in addition to carrying vehicular traffic, to
carry excess stormwater. Hydraulic capacity of a pavement cross section is defined as a
quantity of stormwater that does not exceed an allowable criterion for depth of water at the
curb. Inlet capacity is not the maximum stormwater flow an inlet may be able to intercept, but is
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the stormwater quantity intercepted for a given set of local conditions. Proper design,
construction and maintenance of street inlets are one of the most important tasks in applying
dual-drainage concept in a city, so that they do not become “bottle-necks” of the system.

A new concept known as single pipe system involves the systematic use of an overland
drainage system and source control measures to limit inflow rates and volumes to the piped
system. Though a single pipe for carrying both waste and surface water is proposed, the need
for combined sewer overflows, as used in the combined systems, is eliminated by restricting
the intake flow rates. When the rates of flow exceed the capacity of the sewers, the excessive
water quantity is retained adjacent to the intakes in a local transient storage or in other source
control facilities. In such a way, a single pipe discharging a controllable peak rate of flow to a
treatment ensures that all water that enters the piped drainage system is treated before
discharge. At best, stormwater can be fully retained on the surface, infiltrated into the soil or
reused, so that the single pipe is used exclusively for waste water.

2.3.4. Modelling flooding in urban conditions

Maijor rural floods are usually associated with very infrequent events occurring every 50 to 100
years. Many measured hydrologic data do not cover periods of 50 years or more, so that
estimation of peak discharges of lesser frequency necessitates extrapolation, the accuracy of
which is considered to be questionable. On the other hand, measured flow data in urban
stormwater drainage systems are scarce (Maksimovic, 1986). Therefore, floods in rural and
urban conditions have to be analysed differently.

Two methods are used for calculating maximum discharges of the stormwater runoff in
rural conditions. The first is based on plotting the probability distribution curve of maximum
discharges based on a series of observations of runoff and extrapolating the curve to the
region of low probabilities. The second method is based on estimating the extreme
unfavourable meteorological effects on a drainage basin and on calculating of corresponding
surface runoffs.

Since urban settlements are undergoing permanent development, eventual data on
flow rates from the past would not form homogeneous statistical series that can be analysed in
terms of probability. Therefore, in urban hydrology, the questionable statistical approach is
replaced by deterministic mathematical modelling, supported by hydrologic field measuring for
calibration purpose.

Rainfall-runoff modelling is man's attempt to simplify and mathematically rationalise
complexity of natural events that govern the urban catchment response to precipitation. Those
models imitate natural phenomena and their quality depends on their reliability, as well as on
the quality of input data obtained through site investigation works.

2.3.5. Water storage

The contemporary practice of stormwater management includes the practice of containing or
detaining stormwater runoff within the areas undergoing urbanisation in order to mitigate the
effects of flooding, pollutant distribution, soil erosion, and sedimentation. Excess runoff is
usually detained on-site and released at controlled rates over an extended time period in order
to provide adequate peak flow reduction. For example, to keep discharge rates within the
capacities of existing downstream stormwater drainage system or at the levels that existed
before urbanisation.

Recharge and detention basins are built in an attempt to recreate the natural infiltration,
storage and attenuation that have been lost through development. On the other hand, retention
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basins are temporary storage basins without any positive outlet. Detention basins combine
retention and controlled release of water. Detention can be off-site and on-site (out of or on the
land where runoff is generated ), as well as on-stream and off-stream (within or outside the
main conduit). Schemes of how flow equalisation basins can be systematised according to
their basic function are presented in fig. 2.2

a) Recharge basin

Percolation

b) Detention basin Overflow

& .U
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Inlet -

c) Retention basin
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Inlet —

Fig. 2.2. Major types of flow equalisation basins ( W. DeGroot, 1982)

2.3.6. Assessment tools for decision making
(i) Benefit-cost analysis

Benefit-cost analysis provides a rational and systematic method for evaluating all the potential
costs and benefits of an flood control action, as it expresses all effects in monetary units.
Where investment of public money is at stake, the decisions taken should reflect the values
and concerns of the public who pay the costs, which represents the axiomatic base of benefit-
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cost analysis. However, this method does not always offer a complete input for socio-political
decision making, particularly when a lot of stakeholders are involved and where there are
significant intangible impacts, such as improvement of environment, increased amenity values,
enhanced quality of life, etc.

The decision-making process involves the creation of alternative choices that appear to
satisfy development criteria that are financially feasible and institutionally acceptable.
Development criteria may be characterised as economic and financial, while their
implementation must be based on social and environmental impact assessment. The most
obvious benefits derived from flood management are those arising from the reduction in flood
damage, which expressed in economic terms, represent cost savings of disruption of services,
replacement, repair, evacuation, relief and rehabilitation.

The results of economic analysis do not provide sufficient information on the financial
viability of different flood damage reduction alternatives. Once an alternative is selected based
on economic criteria, financial criteria are applied to determine the needs for financing the
project construction and handling the flow of costs and revenues after the project goes into
operation.

The success of flood management decisions always depends on an effective balance
of local cost and distributed benefits. Social assessments are essential in suggesting
appropriate trade-off of these costs and benefits. Correct analysis that will support decision-
making should not rely solely on tangible benefits and measurable costs, which makes the
cost-benefit analysis a technique of limited significance. However, it is not possible to measure
all social and environmental benefits in monetary units, such as preservation of environmental
quality or social well-being of all the people. There are other ways to enrich the process of
decision making in master planning such as the techniques that follow here below.

(i) Multi-attribute technique

Social criteria can be viewed as an important starting point in the development of a multi-
objective decision-making process that reflects the concept of sustainability and weights all of
the concerns of an undertaking.

The multi-attribute technique (MAT) enables measuring impacts in either qualitative or
quantitative terms. Through the application of scoring and weighting methods, diverse
information is converted to a common measurement scale and aggregated to provide an
overall measure of performance. Alternative options are compared on the basis of their relative
performance, or decisions can be based on whether a threshold has been reached. This
technique includes four steps:

- identification of key concerns and impacts

- provision of system for scoring or rating each concern or impact

- development and application of a weighting system

- aggregation of weighted scores into an overall measure of performance

A risk analysis sample form based on multi-attribute technique is shown in table. 2.1.
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(iii) Attitude surveys

Attitude surveys are conducted among the flood-prone communities in order to identify
acceptable flood damage reduction measures. The survey includes interviews with local
officials as well as with randomly selected residents. An active, personal, participation in the
interviews is preferable, in order to gain insight into issues of how the community perceives
flooding problems and solutions.

It is not unusual to proceed with some management schemes on mainly social
grounds. It is the world-wide experience that flood protection schemes are uneconomical in
formal cost/benefit terms. More often-cost effectiveness approach is preferred.

(iv) Contingent valuation method

In evaluating environment protection, alternative discrepancies between private and social
costs and benefits are inevitable. The main problem is that the environmental damages (such
as water pollution or urban soil erosion), resulting from some economic undertaking, cannot be
valued on the basis of the present market prices. The contingent valuation method is an
economic valuation method for environmental impacts that is based on the individual
willingness to pay for improving environmental quality as compared to the willingness to accept
an environmental deterioration. By asking the respondents to state their willingness to pay for
the improved water quality, an indication can be obtained about the monetary value of some
environment protection undertaking.

(v) Cost effectiveness analysis

Cost effectiveness analysis results in the least cost solution that meets some predetermined
environmental requirements (such as certain concentration of pollutants at specific locations or
certain water depth at specific point in a floodway). By analysing the monetary value of various
alternative undertakings, ranking can be made according to their cost.

Cost are composed of private and social ones. In case of the minimisation of private
costs, a solution may be selected that shows minimum cost, but that will more likely raise
substantially the level of pollution or the extent of damage in the future. It has been proved on
many occasions that environmental impacts cannot be measured in a single environmental
indicator.

(vi) Value engineering

Value engineering is a proven, effective tool for both the continuous improvement and design
enhancement. It optimises the allocation of limited funds without reducing the quality of the
project. A value engineering team with diverse background is assembled at the onset of a
project. The outcome of value engineering studies is often cost reduction, but primary focus is
"value improvement". This may result in improvements in defining proper scope, functional
design, internal and external co-ordination and schedule for development. Other value
improvements may include, but are not limited to, reduced environmental impact, reduced
public inconvenience and reduced overall operation costs.

At the conceptual stage of design, the project scope and cost are under consideration.
At this stage there is the maximum opportunity to consider the various alternatives or solutions.

At the schematic design stage, the project scope and cost have been established and
major decisions have been made. At this stage, the established project scope, cost and
schedule define the limits of the value engineering study.
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At the completion stage of app. 35% most of the important project decisions have been
established and the opportunity to effect the project design is already limited.

2.3.7. Combined sewer overflow (CSO)

Combined sewer systems consist of a single conduit that collects and transports domestic and
industrial wastewater along with the stormwater originating either from rainstorms or snow
melting. Two characteristic conditions determine the operation of the combined systems: dry
weather flow and wet weather flow. During wet weather conditions, combined surface runoff
and sewage largely exceed the capacity of the conduit, thus causing overflows into receiving
waters. In addition to overflows that occur at special hydraulic structures, excessive runoff
occurs at the urbanised surface as well, causing flooding and possible pollution of the land
while flowing towards the receiving water body.

Urban land exposure to the destructive action of water, associated with pollution
caused by high content of the impurities both in the surface water and in the mixed, channeled,
underground water, represent two typical hydrologic events in many cities when heavy rainfall
occurs. Because of their large volumes, combined sewer overflows (CSO) represent also a
major source of pollution of the receiving water bodies. The problem of urban flooding is
complex because it may address the external causes, such as high stages in the river due to
area-wide weather changes, as well as the internal causes, such as local rainstorms. In both
those urban flooding scenarios, pollution is an inevitable companion.

Usually environmental impacts cannot be measured in a single environmental indicator.
Some solution will result in little water pollution, but will be very material and energy intensive,
because of large quantities of water involved. Others may result in pollution of heavy metals,
instead of organic pollution. For these problems, the methodology of multi-criteria analysis may
help decision makers rank the various alternative schemes on the basis of weights attached to
the various criteria.

2.3.8. Risk and hazard assessment and mapping

People know the price for living in urban areas and are willing to accept a certain risk by not
providing full stormwater drainage and flood protection in order to be able to save and spend
their money not only on utility bills, but on other things as well. It is a duty of the flood
management professionals to propose the levels of acceptable risk based on specific site
conditions, to make people aware what risk is present in their lives, and to assist them in
making formal acceptance, based on which adequate flood protection measures will be
proposed. Drainage professionals make and clarify proposals but politicians and voters make
decisions.

Flood hazard means the threat to life or the threat of damage to property as a
consequence of flooding. Planners attempt, for regulatory purpose, to assess flood hazard for
a standard, baseline conditions. Each community needs to agree upon its level of acceptable
risk of flooding, which is described by the chance (probability of occurrence) that a flood will
occur in any given year. However, determination of the chance, usually designated as
recurrence interval or return period, does do not specify the time interval between floods, which
makes it possible, although unlikely, for a flood of a given magnitude to occur in successive
years.

For reasons of simplicity many authorities adopt an uniform flood risk, such as 1-in-20
year flood or 1-in-20 year design rainfall. In other cases, flood authorities may adopt the
highest recorded flood as the appropriate standard. Because of economic reasons many
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developing countries and their cities may prefer to opt for a lower flood standards in the short
term, and increase the standard in the future as additional financial resources become
available.

The first step in assessing flood hazard is estimating the probable future runoff rates
and associated characteristics (depths of water, velocities, etc.) on the basis of rainfall
characteristics, topography, hydrologic soil characteristics, land use pattern and morphology of
the natural and artificial water courses. The most important prerequisite for any successful
flood assessment is the systematic, comprehensive and error-free acquisition of pre- and post-
urbanisation data.

The result of that exercise is the flood extent (boundary) maps such as the iso-depth
map, which denotes inundation for selected baseline probability of occurrence. Such a map is
not necessarily the flood hazard maps, since simple presence of water does not automatically
mean that hazard is present. For example, very shallow water pounding is not dangerous for
safety but may trigger the movement of an eventual major landslide, with catastrophic
consequences. It cannot be assumed that lands outside the standard flood limits will be free of
flood damage.

Hazard maps have to be presented in a form that is fully understandable, with all
affected populated areas, facilities and structures indicated and marked. Hazard zoning maps
present hazard levels together with the probable intensity of magnitude in each hazard zone.
An example of a flood hazard boundary map is given in fig. 2.3.



21

L] |__

SARE LI 6™
ol -

oy Banbrwy i,
Pari Teapags =

Pl T

Fi

BONE €

Em AR

BuizTw
E"WREET

[
ANEA RUT b Bl B

= Fewmr | iagmr

&

;"\-J-"I'.i.i'

\ ZONE I 2 d
- i
: 1
1 " = "
AN R - =
e L ™
TONE 8~ " = 0§
PONE (-
e - i
[Ty |
\ AL RN —_—
\ s |
DEFAATMENT OF FOUSRG ASD BN DEVELDPRERNT | g ik
- (TR — I [ ]
HNAME OF COMMUNITY FLECID HUAZA D BOLIRDARY MAP Rk ——

Fig. 2.3. Example of a flood hazard boundary map

Risk is a quantification of hazard. Risk mapping is the activity where elements at risk
are plotted on hazard maps. Risk maps may include certain guidance, advice and indication of
escape routes, safe access ways etc. Risk assessment that provides the planner with an
estimate of the expected material losses includes:

- identification of areas at risk upon its exposure to hazard

- classification of structures according to function

- estimation of risk for each structure type

- estimate sum of all risks for each function and then for each area
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There are also economically non-quantifiable aspects, such as potential loss of life and
indirect secondary losses. For their evaluation and assessment standard indicators for housing
areas, infrastructure and various economic activities are eventually made available by state
authorities that regulate insurance policies.

A flood risk map has several direct economic effects, since it causes revision of all
planning maps for the area. On the negative side, it may lower property value in the flood-
prone areas and may stop development. On the positive side, the map initiates the
construction of flood loss prevention structures, alerts prospective land and property owners,
as well as provides new developing ideas to the local planning authorities.

2.4. Unified urban flood management

The conventional approach to flood management was based on river-basin oriented programs
and plans that were needed during floods to minimise their impact on the individuals and the
community. Those traditional programs dealt mostly with measures of a structural nature,
which included also some flood recovery activities, but did not fully address the specifics of an
urban environment that might have remained confined within the boundaries of a structural
flood protection scheme. Conventional approach focused mostly on measures that modified
flooding or provided protection against flooding, such as dams, storage reservoirs, dikes,
floodwalls, flood diversion, channels and land treatment practice.

The contemporary concept addresses the problem of flooding by considering the best
mix of flood management options available, selected among both the structural works and non-
structural measures. It is based on an integrated and environmentally sustainable approach,
addressing fully all aspects of flood occurrence in an urban setting, where other kinds of urban
waters and the land itself are exposed to the action of excessive stormwater. Experience has
shown that flood related pollution issues, such as hazard to health, due to water borne
diseases, and large cleanup costs, deserve the same attention as traditionally favoured flood
related physical destruction themes.

Conventional structural measures also need to be replaced by an alternative,
contemporary set of structural measures. Introduction of contemporary urban structural
measures require the revision of their scope by adding an important objective of reducing water
pollution through non-point source pollution control, combined sewer overflow control, recovery
of wetlands and erosion control. In addition, traditional flood modifying and against-flood
protecting measures need to be amended with two new measures characteristic only for urban
settings: small near-to-source detention structures and low cost protection techniques.

Low-cost structural measures for reducing flooding and pollution include, but are not
limited to:

- distributing flood water in thin layers over land, where a portion of it infiltrates into the sub-soil

- deliberate flooding of certain areas in order to protect another more valuable area

- limitation in use of manure, fertilisers and pesticides

- restoration of local urbanised waterways (uncovering urban creeks)

- construction of protective grass and bush covered land strips along streams and rivers

- local measures initiated in co-operation with residents (disconnecting roofs from street
drainage conduits, providing gravel beds below lawns, replacing concrete with permeable
asphalt, regular removal of sediment deposited in the low lands, etc.)

- stormwater quality improvements ( changing roof materials, painting galvanised objects,
introducing dry street cleaning techniques instead of washing material and grit into storm
drain inlets, decreasing traffic pollution )

- displaying flood stage forecasts on the posts at public places
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- raising community centres at elevations not liable to floods

- compartmentalisation of the flood plain and encouraging the land use commensurate with the
protection system

- land treatment (contour plowing, grading)

- tree management

- flood proofing

- construction site stabilisation measures that reduces erosion and sedimentation (temporary
seeding, mulching, geo-textile, silt fences, hay bales, sediment traps, storm drain inlet
protection, etc.)

Structural measures tend to create a false sense of security in the population protected
by the works. They are usually known as engineering technical measures and should be
addressed in their own Guidelines. For information purpose only, the concept of flood
management structural measures is graphically presented in fig 2.4.

The remaining part of these Guidelines is dedicated, in accordance with the original
mission set for this document, to non-structural measures, which represent a complementary
component of an unified urban flood management plan.
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Fig. 2.4. Structural measures for flood management
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3. Flood mitigation

3.1. Mitigation concept

Mitigation is a long-term and ongoing process, prior to the occurrence of a disaster that is
directed at reducing future flood damages of the community and the nation. Technically
speaking, there is no flood risk that cannot be mitigated through engineering measures, but
cost is the determining factor. This process teaches people how to live rationally with floods.
Mitigation measures, active and passive, rely on the experience and capacity of people where
disaster occurs. Active measures encompass those activities, which require direct contact with
people.

Mitigation measures are traditionally referred to as non-structural measures. Unified
concept of urban flood management introduces flood recovery measures as a separate entity
in order to emphasize the specifics of spreading the cost of compensation over time and
among a large number of people exposed to similar risks.

Non-structural measures, shown in fig. 2.1, such as preparedness, response,
legislature, financing, environmental impact assessment, reconstruction and rehabilitation
planning, and their component techniques, contribute directly towards reducing losses of life
and damage to property.

The order in which the mitigation measures is applied is of primary importance. An ideal
sequence would be to first develop public awareness that leads to creating political will,
followed by drafting and passing the laws and regulations, and secondly, to propose risk-
reducing measures, and finally, to offer education and carry out training. Ultimately, market-
oriented conditions for flood insurance industry should be created in order to spread potentially
high flood damage cost over a long period of time and among large number of people.

Other mitigating actions include reducing physical vulnerability, reducing vulnerability of
the economy, and strengthening the social structure of the community. These actions can be
undertaken at individual, community, and state levels. Non-governmental organisations,
voluntary, and socio-cultural organisations may also play an important role in this respect.

Although not having a formal definition, flood mitigation can be accepted as a variety of
measures that alter the exposure of life and property to flooding. It reflects the holistic nature of
those flood management measures that do not have structural nature. Its non-structural nature
led some countries to denote mitigation as institutional measures, while other countries
preferred to use the name of best management practice (BMP). The latter is in use in urban
conditions for many years and is separately addressed in section 3.4. In Europe, the term SUD
(sustainable urban drainage) is obtaining increased popularity.

Mitigating means planning, programming, setting policies, co-ordinating, facilitating,
raising awareness, assisting and strengthening. It also understands educating, training,
regulating, reporting, forecasting, warning and informing. However, it does not exclude
insuring, assessing, financing, relieving and rehabilitating. If structural measures are the bones
of a flood management program, then mitigation is its flesh.



26

3.2 Non-structural measures
3.2.1. Flood preparedness measures

Community flood preparedness is an analysis of possible disaster scenarios for determining
how authority and responsibility for action should be delegated, what local human and material
resources exist, and how these can be deployed.

Flood preparedness plan is a series of sub-plans, including emergency response
planning and training, raising public awareness, flood forecasting and warning, setting
development policy, land use regulation, flood proofing, setting alternative plans, and local
social structure strengthening (fig 3.1).

Individual preparedness planning is based on raising public awareness. Realistic
treatment of flooding related problems is a prerequisite for building confidence, as compared to
pictures that may be portrayed by media and government officials. Confusion during
evacuation, disruption of daily routine, strain on families removed from their homes, distress,
altered social relationships, loss of feeling of security, personal vulnerability and many others
are real psychological issues that need to be addressed in this planning stage and treated as
inevitable events and a quite normal behaviour.

3.2.2. Emergency response measures

Emergency response can be considered as a series of sub-plans that address communication
and public information management, search and rescue co-ordination, shelter management,
stockpiling and distributing of food and supplies, contacting and requesting additional support,
debris management, financial management, volunteers co-ordination and donations
management.

The foundations of a flood emergency action are a mobilisation plan, comprehensive
disaster plan and well co-ordinated and trained flood fighting corps.

A flood fighting corps may be mobilised to a state of alert with various stages:
mobilisation, preparation and stand-by and dismissal. It is useful to have powers to call up the
inhabitants when high water threatens, with preference given to volunteers.

Organisation and training of search and rescue teams are done locally, regionally or
nationally but in real flood conditions, participation of volunteers, citizens and relatives is
significant, thus requiring the co-ordination to develop as the action proceeds.
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Fig. 3.1. Flood preparedness measures
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3.2.3. Environmental issues

In every national water pollution control program, regulating discharges of wastewater is the
primary concern. Formal procedure of permitting and licensing is introduced in urban practice,
thus limiting the pollution from point sources such as municipal sewerage outfalls, industrial
wastewater discharges and treatment plant effluents. Combined sewer systems are also
considered as point (discrete) polluters due to frequent spills of wastewater during wet weather
conditions.

Municipal stormwater discharges can contain many pollutants, such as metals and
organic compounds traditionally found in wastewater from discrete facilities. Unlike other
wastewater discharges, the sources of stormwater pollutants are diffuse and highly variable.
Pollutants come from roads, parking lots, residential, commercial, and industrial activities within
each municipality.

Control of municipal stormwater does not fit with the traditional wastewater discharge
permit requirements. Therefore, a comprehensive pollution control plan is needed that should
be watershed-based and should control all wet-weather-related discharges.

Stormwater drainage and flooding-related environmental issues are separately
addressed in chapter 11 of these Guidelines.
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3.2.4. Government and legislature

Governments have a wide range of structural and non-structural instruments at their disposal
to mitigate the risk of flood. They should provide leadership and assistance in developing a
comprehensive multi-level hierarchical flood management plan where responsibility and
authority of each participant in flood fighting is clarified.

The central government initiates elaboration of the flood preparedness program. This
program is based on flood hazard studies and mapping, flood forecasting and warning, public
education, and response planning. The local government is then responsible for
implementation and maintenance of the site-specific programs.

All preparedness measures need to be supported by appropriate legislation in a form of
the national flood control laws, regulations, and local ordinances. Legislation for flood reduction
measures should be incorporated within the technical legislation covering urban development,
regional development, environmental management, resource management, communication,
housing etc.

Very often there are instances where flooding problems between neighboring countries
need to be resolved. Those situations require appropriate transboundary aspects to be
addresses and legal documents to be prepared.

Legal and institutional issues are additionally addressed in chapter 8 of these
Guidelines.

3.2.5. Financing

The stormwater drainage and flood control financing concept should represent a stable,
adequate and publicly acceptable funding mechanism for drainage capital investment,
operations, and routine and remedial maintenance.

Stormwater is a difficult resource to manage primarily because urban drainage systems
are in a constant state of flux. Even a natural drainage system in its undeveloped condition is
not static: streams meander, banks erode, and ponds are filled with sediment.

Present stormwater management financing sources are revenues for annual operating
expenses and maintenance (property taxes, local sales, income taxes, street fund created
through gas sale taxation, user charges and commercial loans), funding for major capital
improvements (general obligation bonds repaid by property taxes, revenue bonds repaid by
utility service charges, utility tax revenues, community development grant funds) and fees and
charges.

Basically there are many other methods available for local financing: various means of
borrowing, current revenues, special revenues, grants of funds from the federal, state and
county governments, contribution of land owners, and finally, special user charges.

More on innovative methods of financing stormwater drainage and urban flood control
can be found in chapter 10 of these Guidelines.

3.3. Flood recovery measures
3.3.1. Flood insurance
Flood insurance enables the property owners, subject to potential flooding. to spread an

uncertain but large loss over a long period of time. It also provides mechanisms of spreading
flood loss over a large area and a large number of individuals.
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Flood insurance is a complementary tool of hazard reduction. The purpose of flood
insurance is to provide compensation for losses caused by flood when damages are not
avoidable at acceptable cost. In most countries coverage is fragmented and property owners
have to purchase different policies in order to insure against all major disasters.

Flood insurance can only be seriously considered by property owners after necessary
structural and non-structural mitigation measures have been satisfactorily undertaken. The
insurance sector in developing countries is still weak and not in position to calculate a realistic
premium to build up a flood insurance portfolio.

It is expected that the central government should provide financial and political support.
Policymakers are expected to change the social behavior by modifying the incentives of the
marketplace and to strengthen market conditions in order to attract more participation.
Currently, particularly in developing countries, the insurance industry seldom includes flood
risks or vulnerability data, based on zoning information, in their premium structure.

Federally subsidized flood insurance programs may be available for property located in
flood-prone areas. Property located in designated flood hazard areas should not be able to
qualify for federally insured financing or federal grants unless flood insurance is obtained. Such
a program is the most effective tool in preventing the unwise urban development. The program
is based on field and office work that should produce the flood hazard boundary maps and the
insurance premium rate maps.

Analysis of risks should be undertaken before new development is approved in flood-
prone areas, and micro-zoning risk maps for hazards should be included in land use maps and
land use policies.

The experience gained world-wide proves that there is no practical and sustainable
alternative to a nationally led flood insurance scheme.

3.3.2. Rehabilitation measures

Post-flood management problems can be pre-planned. In order to achieve this, objective
surveys need to be carried out during the flood for preparing the situation report covering
human casualties and material damage. These surveys are needed for making decisions on
the actions during the immediate emergency and in the period that follows. Later on, a
thorough study needs to be made in order to perform a formal assessment of the damage.

Rehabilitation is providing services and facilities that will restore the former living
standard and encourage adjustments to changes caused by the flood (fig 3.3). Restoring
morale is one of the most important factors in rehabilitation. Rehabilitation should be carried
out separately for the flood victims and the disturbed public services.
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Fig. 3.3. Rehabilitation measures

3.4 Best management practice ( BMP)

Best management practice (BMP) is a common name for a variety of non-structural and low-
cost structural measures in mitigating the flooding and pollution effects in urban settings. In
rural conditions, terms such as institutional or non-structural measures are more frequently
used. BMP tends to reverse the impacts caused by urbanisation and include a number of
proven and promising measures for controlling destruction and pollution caused by urban
runoff and combined sewer overflows. The measures should be :

- based on the entire watershed control

- performance (target ) oriented

- designed to account for locals characteristics
- supported by local and state government

- technically feasible

- environmentally sustainable

- economically justifiable

- politically acceptable

Best available technology (BAT) is a process that determines the criteria upon which
BMPs will be proposed, based on practical experience gained from the implementation and
monitoring of the measures already in force, in conjunction with theoretical assessment and
common sense. BAT criteria will change as our knowledge about the effects that BMPs have
improves, which in other words means "learning by doing". BMPs are based on several
principal concepts, such as:
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- retaining the natural drainage system

- imitating the natural drainage system

- protecting land during urbanisation and farming
- cleaning urbanised surfaces

- protecting aquatic life

BMP is a set of urban measures and represents one of two major components of a
stormwater management and flood control program that is designated as the Wet Weather
Control Measures Program. The other component of such a Program is a group of structural
(end-of-pipe) measures that include, but are not limited to, a series of measures shown in fig.
3.4. BMP measures are shown in fig. 3.5 and 3.6 and in many aspects are similar to the
measures shown in figures 2.1 through 3.2.
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Fig. 3.4. Structural (end-of-pipe) urban measures
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Fig. 3.5. BMP non-structural measures
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Fig. 3.6. BMP low cost structural measures
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4. Development and land use policies

4.1. Regulation of floodplain
Floodplain is an area near the water course that is susceptible to inundation. Technically, it is

composed, as shown in fig 4.1, of a central channel known as floodway and the floodway
fringes, placed on both sides of the floodway.

Water surface ol selected lood
with encreachment in fringe areas
i Flood plain -
I o, W

Floodway / Designated Floodway!

Hoodway

Elevatkon with minimum freeboard T —
above selected Mood considered i
advisable for Noodprofing, Fil,
or budlding grada

Matural watar surface of seleciod ;li

Fig 4.1. Natural floodplain definitions

Chanmel

Natural floodplains have living and biological resource values because they support a
wide variety of flora and provide habitat for fish and wildlife. Floodplains are important for the
water resources because they provide natural flood and erosion control, help maintain high
water quality, and contribute to sustaining ground water supplies. Special portions of natural
floodplains are wetlands, the significance of which in flooding and pollution management is
growing steadily.

Artificial floodplains, created from natural floodplains through urbanisation, located
along the urban creeks which are usually fully contained, are not easy to recognise in an urban
setting. Urban runoff does not always flow perpendicularly to the contour lines of the natural
terrain because of many objects and infrastructure facilities that constitute an urban
environment. Urbanisation of a natural floodplain increases the susceptibility of the
neighbouring land to floods. Unfortunately, city boulevards, secondary traffic arteries, side
streets and parks, usually in combination with front yards, house basements and other low land
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spots, take over the duty of evacuating the excessive quantities of stormwater ( fig. 4.2).
Therefore, once the street layout and vertical alignment are set by urban and traffic planners,
the options open to drainage planners are greatly reduced.

Fig. 4.2. Urban floodplain

Traditional urban stormwater drainage practice includes only consideration of the sub-
system "minor", having limited capacity, based on a level of the commonly accepted risk
(usually quantified as a return period ranging from 2 to 30 years). On the other hand,
contemporary design practice takes into analysis the entire urban floodplain (system "major"),
having practically unlimited hydraulic capabilities in situations when the capacity of the sub-
system "minor" is exceeded.

4.2. Land use and zoning plans

Land use management employs two principal options: zoning control and development/building
control. Zoning control includes designating, by the responsible authority, the type of activity
that can be undertaken within the flood-prone area.

Most of the physical, social and economic problems associated with flooding, soil
erosion and water pollution stormwater are attributable to inappropriate urbanisation of the
floodplain, unwise land use within the city, insufficient attention to drainage in urban planning,
ineffective updating of existing stormwater control facilities and lack of enforcement of zoning
ordinances.

On the basis of an objective assessment of hazard, economic, social, and
environmental factors, the responsible authority should impose appropriate conditions to
ensure that the future development is compatible with the prevailing flood situation. There are
three basic types of floodplain development:

- preventing development from constricting floodway and allowing the flood fringes to be
preserved for agricultural or recreational purpose

- preventing development from constricting floodway and allowing the flood fringes to obtain
housing, commercial or industrial purpose as long as the encroachment results in only
insignificant increase in the water surface elevation

- restricting the use of the flood plain and leaving it in its original unoccupied state
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Those types of floodplain development actions are institutionally accompanied by:

- legal measures that enforce zoning, density and pace of development

- taxation measures that may guide development away from hazard areas

- government action that may alter existing land use or require compulsory 