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Executive Summary

Background

The traditional view of flood protection taken by the public and many flood defence professionals is of
permanent engineered structures such as flood walls, flood embankments and large gated barriers.
While temporary and demountable flood protection systems have been around for many years in forms
such as sand bags and flood gates, the Environment Agency now recognises the need for a clearer
framework within which to use the increasing variety of these systems that is now available. The
flexibility offered by these systems can enable flood protection to be provided in locations that are not,
or cannot be, protected by permanent flood defences.

As with all flood protection, the consequences of failure can be significant. The Agency recommends
that anyone considering the use of these systems who is not experienced in flood protection should
take appropriate advice. The Agency is also promoting, along with other interest groups in the UK, a
testing and quality control procedure to secure the appropriate performance of these systems in
service.

Objective and scope
This guidance results from a research study into available systems. Its objectives were to:

e categorise and review available temporary and demountable flood protection systems;

e develop a systematic method for choosing appropriate defences for various scenarios and using
them in a safe manner.

Due to the limited performance information for available systems and the urgent need for guidance,
this document is being published as interim guidance. The Agency is working closely with the recently
formed Flood Protection Association (FPA) to develop performance assessment and product
certification protocols. The Agency plans to review this guidance during 2004.

Temporary and demountable flood protection systems

A demountable flood protection system is a moveable flood protection system that is either fully pre-
installed and requires operation during a flood event, or that requires part-installation into pre-installed
guides or sockets within a pre-constructed foundation.

A temporary flood protection system is a removable flood protection system that is wholly installed
during a flood event and removed completely when levels have receded.

In contrast to a permanent system, a temporary or demountable system is only functional when the
barrier is closed before the water rises to the lowest safe permanent protection level. A demountable
flood protection system therefore includes temporary and permanent elements, foundations, seals and
joints within the structure, connections between the structure and its formation and subsoil, the end
connections and fixing details. Temporary and demountable flood protection systems also include the
operational procedures required to close the system such as mobilisation, installation and closure.
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Executive summary (continued)

When to use temporary and demountable flood protection systems

The decision on whether or not to use a temporary or demountable flood protection system is made
following a risk-based assessment. The decision process recognises that the use of a temporary or
demountable protection system, as opposed to a permanent one, introduces an additional risk of
operational failure. To remove this risk, a permanent system should be used if it is technically and
economically feasible, as well as environmentally and locally acceptable, to provide protection to the
required level. Where this is not feasible, a risk management process has been developed that involves
minimising the moveable parts of the protection system and maximising the reliability of all
operational processes (from flood forecasting and warning through to deployment and post-event
clean-up).

How to choose appropriate systems

Available temporary and demountable systems were reviewed and categorised according to their form
and behaviour into six temporary and three demountable generic groups. This guide describes a
systematic process for eliminating those systems that cannot be safely deployed in the available time
with the available resources and those that cannot perform effectively under the required loading in the
required location and local conditions. This process follows a logical progression from principal
systems to generic systems, then onto specific systems. Appendix A provides more detailed
information on specific products and contact details for further enquiries. The fact sheets in
Appendix A3 have been developed from available information on known proprietary systems.

Ensuring the safe use of temporary and demountable flood protection systems
The key to achieving the safe use of temporary and demountable systems is to ensure maximum

reliability of all the processes involved in the selection, planning and installation or closure of the
system, as well as the integrity of the protection system once it is fully in place.
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Glossary

Barrier closing level

The flood level at which the installation or closure of moveable parts of a temporary or demountable
flood protection system commences.

Barrier opening level

The flood level at which the opening or dismantling of the moveable parts of a temporary or
demountable flood protection system commences following a period of closure.

Closure

The process of installing or shutting the moveable parts of a temporary or demountable flood
protection system following mobilisation of the resources required to begin the process.

Demountable flood protection system

A moveable flood protection system that is fully pre-installed and requires operation during a flood
event or a system that requires part-installation into guides or sockets within a pre-constructed
foundation. It is made up of demountable sections and permanent sections that act together to form a
demountable flood protection system when fully installed.

Demountable section

A section of a demountable flood protection system that can be removed or opened when water levels
are not in a flood condition.

Deployment

The process of mobilisation of all required resources and the installation or closure of the moveable
parts of a temporary or demountable flood protection system. This process is triggered when the water
level reaches a pre-determined flood warning trigger (action) level.

Failure

Exceedence of a defined performance threshold or performance indicator.

Flood defence system

A formal flood protection system that is managed or controlled by an Operating Authority with
responsibility for flood defence under the relevant Land Drainage and Water Resources Acts.

Flood protection system
A system for reducing the risks of flooding to people and property. It includes all parts that make up

the system such as barriers, joints, foundations, end connections, interaction with the subsoil, and all
operational activities required to close the systems (where applicable).
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Glossary (continued)

Flood protocol
Agreed procedures outlining all actions to be taken from the receipt of a flood warning through

deployment and post-event clean-up operations. It includes mobilisation and closure operation
protocols.

Flood warning trigger (action) level

The flood level at which the process of mobilisation or closure begins. It is normally measured
upstream of the deployment area.

Local flood protection

Flood protection for an individual property or group of properties that is not part of a formal flood
defence system.

Lowest permanent protection level

The lowest point within the permanent protection offered to a flood cell or area.

Lowest safe permanent protection level

The water level above which safe access to the permanent protection cannot be guaranteed. This level
is lower than the lowest permanent protection level due to wave run-up and local requirements for safe
working.

Mobilisation

The process of communicating the warning trigger (action) level to the deployment team and the
transportation of all resources required to begin erection or closure operations.

Performance

The creation or achievement of something that can be valued against some stated initial aim or
objective.

Performance evaluation

The process of assessing past or future performance of a defence, policy or project against defined
performance indicators.

Permanent flood protection system

A flood protection system that, once constructed, remains fully in place and requires no additional
operational activity to provide protection from flooding up to its design flood level or range of levels.

Temporary flood protection system

A removable flood protection system that is wholly installed during a flood event and removed
completely when water levels have receded.
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1. Introduction

1.1 Background

Over two million residential and commercial properties occupied by about five million people
are estimated to lie within areas at risk from flooding or erosion within the UK (Department of
Environment, Food and Rural Affairs, 2001). During past extreme flood events, sand bags
were largely relied on to prevent or reduce flood damage to assets at risk. Some 2.5 million
sand bags were deployed during the floods of Autumn 2000 (Environment Agency, 2001).

The use of non-permanent forms of barrier for flood protection can provide much needed
flexibility and increased opportunities for effective management of a wide range of flood
events. This realisation has led to an increase in the availability and development of new
temporary and demountable systems — each with its innovative features, particular standard
and quality.

As with any engineering system requiring successful operation and design, there is a need for
guidance to support developers and potential users in their appropriate development and use.
This document reviews and categorises existing systems, and provides guidance on when to
use them, how to choose appropriate systems and how to ensure their safe use.

1.2 Purpose and scope

Flooding can occur naturally following a period of precipitation or high tides, as well as less
predictive circumstances such as bursts, malfunctions or blockages. This guide deals primarily
with reducing the risk of natural flooding by preventing floodwater from reaching protected
property using barriers that require full or part erection, or closure during a flood emergency.
It is one of a suite of guidance documents aimed at reducing flood risks by blocking the
pathway of the floodwater. Guidance on the temporary or permanent sealing of pathways for
floodwater within and around properties is given in documents published by the Construction
Industry Research and Information Association (CIRIA) and the Department of Transport,
Local Government and the Regions (DTLR) (CIRIA, 2001; DTLR, 2002).

The guide is intended to be read by:

e technically competent persons belonging to organisations with responsibilities for the
planning and design of flood defences as well as managing flood emergencies. Such
organisations and people include flood defence operating authorities, the emergency
services, property developers, local communities, planners and designers.

e developers, manufacturers and other organisations involved with the development or
improvement of temporary and demountable flood protection systems.

Section 2 provides basic definitions and descriptions of permanent, temporary and
demountable flood protection systems.

Section 3 presents an analysis of the risk of failure of permanent, temporary and demountable
flood protection systems and provides guidance on deciding when to consider their use.

Section 4 presents the categorisation of available temporary and demountable flood protection
systems and a brief review of each of the categories.

Section 5 provides a systematic approach to the selection of appropriate temporary and
demountable flood protection systems for different scenarios.

Section 6 provides guidance on ensuring the safe planning and use of temporary and
demountable flood protection systems (focusing mainly on operational processes).

Section 7 describes an approach to the performance testing of temporary and demountable
flood protection systems to ensure their fitness for the purpose for which they are intended.
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1.3

As the guide focuses mainly on generic products and their characteristics, brief descriptions of
known proprietary systems within the generic groups and relevant contact details are given in
Appendices A1 and A2. Where further information was available, fact sheets are provided in
Appendix A3.

Legal context of Temporary Flood Protection

The Environment Agency has legal powers to build and maintain flood defences in relation to
any watercourses designated ‘Main river’(usually larger watercourses) and estuaries that are
likely to have significant impact if they flood. It also has powers to enter onto other people’s
land to carry out these powers. Local Authorities and Internal Drainage Boards have similar
powers in relation to other watercourses. These powers are contained principally in the Water
Resources Act 1991, the Land Drainage Act 1991 and the Environment Act 1995.

The rights of others, e.g. private individuals, property owners or community groups, to install
temporary or demountable flood protection to protect land and property from flooding is
governed by common law. The requirements of planning law and human rights law must also
be taken into consideration. Before making any decision in relation to the use of a temporary
or demountable flood protection system, the person or body taking the action should ensure
that they will have the legal right to erect the protection at the chosen location.
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2.1

2.2

2.3

Flood Protection Systems
The flood protection system

Following a period of rainfall, water finds its way through natural or artificially created
pathways to underground aquifers and watercourses, which transport it to the sea. Flood
management techniques are used to reduce the risk of flooding during this process. The main
techniques for reducing the risk of flooding to an area are:

e flood storage — hold back some water and let it out at a controlled rate;

e channel improvements/control structures — increase conveyance to achieve high flows;
e diversion channel — divert water around the area;

e flood walls/banks — build flood defences to prevent water getting into protected area.

This guide deals with the reduction of flood risk by preventing the water from getting into the
protected area.

A flood protection system is made up of the components and operational systems that prevent
the entry of water onto protected areas and includes:

e the barrier superstructure;
e the foundation or bedding structure;
e the seepage cut-off (if applicable);

e the seals, joints and interactions within the structure and with the adjacent structures and
subsoil.

Where operational activities are required to close part of a barrier, this forms part of the flood
protection system.

The details of a flood protection system and the critical factors affecting its performance vary
according to the type of protection system. The different types of flood protection systems are
discussed below.

Distinction between flood defences and local flood protection

A flood protection system is termed a flood defence or a local protection system depending on
the body responsible for its management.

This guide applies the term ‘flood defence’ to any flood protection system that is owned
and/or maintained by a statutory Flood Defence Operating Authority. As such, flood defences
form the formal flood protection infrastructure.

Where a flood protection system is not under the direct management of a Flood Defence
Operating Authority, it is termed ‘local flood protection’.

Types of flood protection systems

There are three main types of flood protection systems:

® permanent
e femporary
e demountable.

While temporary and demountable systems are considered separately within this guide in
order to highlight their individual characteristics, the more likely scenario is that of a
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2.3.1

composite flood protection system made up of sections of permanent protection combined
with temporary or demountable sections, or both.

Permanent flood protection systems

A permanent flood protection system is one that requires no operational activity to provide
protection from flooding. It is technically the most reliable protection system, as it is always in
place to offer flood protection up to its design standard. The most common examples of
permanent flood protection systems are:

e flood banks (earth embankments which are the principal form of flood defence used by
Operating Authorities);

e flood walls (generally concrete or steel retaining walls).

A flood wall consists of a barrier above ground level, a foundation supporting the barrier, a
cut-off barrier below ground level extending to an impermeable layer if present, and joints and
end details. A flood bank has a similar structure to the flood wall, but in most cases without a
cut-off barrier. The width of a flood bank at its base is normally enough to prevent significant
seepage and uplift pressure except in very porous soils. A soak dyke, which is often provided
close to the landward toe of an embankment, helps to collect any seepage close to the surface.
Figure 2.1 shows the typical elements of a permanent flood protection system.

Figure 2.1 Typical elements of a permanent flood protection system

/ Flood wall

2.3.2

IO V%\ 7
Seepage cut-off Foundation

Impermeable layer

Soak dyke /

/// - 2

Long seepage path />§

Impermeable layer
Demountable flood protection systems
In addition to or as an alternative to permanent flood protection systems, defences may have to
be used which:
e remain open or have the ability to be left open during normal conditions;

e require part-installation or operation during high water levels to form a barrier.
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Reasons why these types of protection systems are needed include:
e dual use of function such as the need for access through a flood protection system;
e unacceptable environmental impact of a permanent flood protection system;

e management of flood risk above the permanent standard of protection.

A demountable flood protection system is a moveable flood protection system that is fully
pre-installed and requires operation during a flood event, or a system that requires part-
installation into pre-installed guides or sockets within a pre-constructed foundation.

In contrast to a permanent system, a demountable system is only functional when the barrier is
in a closed position before the water rises to the lowest safe permanent protection level. A
demountable flood protection system therefore includes:

e the temporary and permanent elements;

the foundations, seals and joints within the structure;

e the connections between the structure and the surface or bedding layer;

the end connections;

fixing details.

A demountable flood protection system also includes the operational procedures required to
close the system such as mobilisation, installation and closure.

The performance of a fully erected or closed demountable system depends on the performance
of its barrier, interaction with its formation and subsoil, as well as its joint and end details. To
ensure system integrity, these must be carefully considered as part of the design.

Typical elements of a demountable protection system are shown in Figure 2.2

Figure 2.2 Typical elements of a demountable flood protection system
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Temporary flood protection systems

Where permanent or demountable flood protection systems are unable to provide the full
protection required for an area, systems that require full installation prior to the onset of
flooding and complete removal after the event may be required.

Reasons for needing these types of defences include:

e insufficient economic justification for a permanent or demountable system;

e management of flood risk above the permanent standard of protection;

e stopgap during the development and construction of a permanent or demountable system;
e dual use of function such as the need for access through a flood protection system;

e unacceptable environmental impact of permanent protection.

A temporary flood protection system is a removable flood protection system that is
wholly installed during a flood event and removed completely when levels have receded.

As with demountable systems, a temporary system is only functional when the barrier is fully
erected before the water rises to the lowest safe permanent protection level. The temporary
flood protection system therefore includes:

the barrier which includes the temporary elements;

e the seals and joints within the structure;

e the interaction between the structure and the surface or bedding layer;
e the end connections;

e fixing details.

A temporary flood protection system also includes the operational procedures required to
install the system such as mobilisation, installation and closure.

While the foundations for permanent and demountable systems are designed as part of the
installation of the permanent parts, by their nature temporary systems are placed on whatever
surface or existing foundation is available. The bedding surface therefore needs to be along a
prepared and designated alignment. The need to ensure the suitability of the location, terrain
or underlying soil is therefore a requirement for temporary systems. As a result, the ability of
temporary systems to prevent groundwater seepage and uplift pressures normally depends on
the existing subsoil or structure on which they are erected.

The performance of a fully erected temporary system depends on its barrier, its interaction
with its subsoil, and its end joints and details. The type of terrain, formation layer and subsoil
suitable for use with a particular form of temporary barrier and the seepage characteristics of
the subsoil are critical to the ability of temporary barriers to provide flood protection.

Typical elements of a temporary protection system are shown in Figure 2.3.
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Figure 2.3 Typical elements of a temporary flood protection system
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3.1

3.1.1

Considerations for Use of Temporary and Demountable
Flood Protection Systems

Factors affecting failure of protection

The aim of a flood protection system is to provide an area with a pre-defined standard of
protection from flooding. The flood risk to an area depends on the potential damage within the
area (the consequence) and its frequency of flooding (the probability of occurrence).

A flood protection system is deemed to have failed when it is no longer able to meet its pre-
defined performance objective or indicator. The three possible failure modes are described
below.

Failure of permanent flood protection systems
For permanent protection systems, failure can happen in two ways.

The first mode of failure is the inability of the structure to restrict overtopping or seepage
through or under it to a pre-determined performance level under specified conditions. For
example, a flood protection system may be designed to limit overtopping and seepage to a
maximum of 1 litre/second during a flood event with a 1% annual probability of occurrence. A
failure is deemed to have occurred if a flood event with less than a 1% annual probability of
occurrence results in overtopping and/or seepage higher than 1 litre/second. This type of
failure is termed serviceability limit state failure.

The second mode of failure is the structural failure of the system due to breaching, piping,
foundation failure, collapse, overturning, rolling or sliding. The flood protection system fails
when, as a result of any of these occurrences, the system is unable to meet its performance
objective. The failure of a component of a protection system does not necessarily imply the
failure of the system, even though it could progressively lead to a system failure. This type of
failure is termed ultimate limit state failure.

A simplified failure tree for a permanent flood protection system is as shown in Figure 3.1.

Figure 3.1 Failure tree for a permanent flood protection system

Failure of permanent
flood protection
system

?

Overtopping of flood

barrier or excessive Insufficient strength or
seepage through stability
protection system
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3.1.2

Failure of temporary and demountable flood protection systems

In addition to the two types of failure described above, a third type of failure can occur with
temporary and demountable flood protection systems. This is the failure to close or secure
protection before inundation and is termed operational failure.

Figure 3.2 shows a simplified failure tree for a composite flood protection system made up of
permanent and demountable or temporary sections.

For the purposes of this guide, the flood protection is deemed to have failed if any of these
three types of failure occur.

Figure 3.2 Failure tree for a typical temporary or demountable flood protection
system

Failure of temporary
or demountable flood
protection system

A

Overtopping of flood

barrier or excessive Insufficient strength or Failure of closure of
seepage through stability flood barrier
protection system

3.1.3

Relative risk of failure by the three failure modes

An extensive risk analysis of composite flood defences carried out as part of the Kampen
Flood Defences scheme in Netherlands (Directorate-General of Public Works and Water
Management, 1997) showed that the risk of occurrence for each of the three failure modes
described above was as follows:

Risk of failure by overtopping or excessive seepage through a closed defence 89%
Risk of failure due to insufficient strength or stability 1%
Risk of failure due to non-closure of defence 10%

While this breakdown is for a particular scheme and variations are expected for different
scenarios, it indicates the relative risks of failure of defence systems with temporary or
demountable parts.

Factors that significantly affect the relative risk of failure include:

e the sufficiency of lead-in time;

e reliability of flood forecasting and warning systems;
e durability;

e maintenance of the system components;

e training of deployment teams.
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3.2

Flood discharge / water level

Figures 3.1 and 3.2 suggest that a permanent protection system is potentially safer than one
with temporary and demountable parts (there are no additional operational failure concerns).
Therefore, temporary and demountable systems should not automatically be used as
alternatives to conventional permanent systems without adequate consideration of their
expected performance, operational issues and adequacy for the proposed scenario. It should be
noted that a temporary or demountable protection system is only functional once the closure or
installation of the barrier is achieved.

The performance objective for a temporary or demountable flood protection system is to make
it as safe as a corresponding permanent system of the same standard. This guide seeks to
minimise the additional risks posed by the operational activities associated with the
deployment of temporary and demountable systems, while seeking to improve its performance
once closure is achieved.

The three failure modes are considered further below.

Failure due to overtopping or excessive seepage through a closed flood
protection system

Overtopping of a barrier occurs when the adjacent water level rises above the lowest point
along its crest. This is either caused by inaccurate forecasting of water levels or by a flood
event greater than the standard of the defences.

The forecasting of flood levels used for the design of any protection system relies on the
statistical analysis of rainfall, flows and expected catchment response. Inherent within these
are uncertainties in the data, hydrology, hydraulic assessment, climatic effects and future
trends. These uncertainties act together to form an error bandwidth around the design level.

An estimate of these errors is normally allowed for as part of the freeboard for the defence
level. This is illustrated in Figure 3.3.

Figure 3.3 Uncertainties in design flood levels
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Seepage occurs when water percolates through the barrier, joint, seals or subsoil. Factors that
can influence seepage include:
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e the permeability of the barrier;
e the design or condition of the seals, joints and end details;
e the connection between the barrier and its foundation;

e seepage within the subsoil that depends on the subsoil structure and characteristics.

Overtopping or seepage lead to the failure of a flood protection system if the amount of water
that passes through to the protected area exceeds the performance criteria for the protection
system. This is normally based on the consequence of flooding and acceptable values.

The factors affecting excessive seepage and overtopping of temporary and demountable
systems are similar to those for permanent systems. These issues need to be properly
considered as part of the design and choice of the barriers.

Failure due to insufficient strength or stability
Structural failure of a closed protection system can occur in any of the following forms:

e sliding or rolling

e overturning

e bearing capacity failure
e collapse

e internal erosion or piping.

Adequate structural design of demountable systems should ensure that most of these failures
do not occur. Some types of failures, such as rolling or collapse, are not always easy to
analyse; such systems require laboratory or field testing to ensure their integrity. Innovation in
this field has also led to the use of materials whose performance characteristics are less well
established. These systems also require appropriate testing to determine their structural
capabilities. Testing of flood protection systems is discussed in Section 7.

Excessive seepage through a defence or its subsoil can cause internal erosion and lead to a
scenario where the seepage pressure of the water percolating through becomes greater than the
effective weight of the toe on the dry side of the barrier. The result is the generation of a flow
condition within the soil, movement and a risk of foundation failure. This phenomenon is
known as ‘piping’.

Piping and bearing capacity failure can be avoided by adequate design for demountable
systems and the appropriate choice of subsoil, terrain, foundation and bedding surface
conditions for temporary systems. Standard stability analysis methods can be used to consider
resistance to sliding or overturning for a range of loading and foundation conditions.

In the case of temporary systems, it is not always possible to investigate or designate their
location before use. This makes it difficult for individual structural analysis to be performed
because soil or bedding information is not available. In these cases, testing may be necessary
to confirm the system’s suitability for a number of standard soil types.

The risk of structural failure can be minimised by adequate design and testing. The risk of
structural failure for temporary and demountable systems is comparable with that for similar
permanent structures. It should be undertaken to the same standards to ensure they are no less
safe.
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34.1

Lowest (safe) permanent

Closed barrier level

Failure of one or more components of a protection system can occur. If this makes the whole
system unable to fulfil its performance objective, then the system is deemed to have failed.

Failure due to non-closure of a flood protection system

General principles

Failure due to non-closure of a barrier occurs only with temporary or demountable systems. It
is caused by the failure of one or more of the operational activities required to close or erect
the barrier. The successful closure of the barrier before the floodwater level reaches the lowest
point at which a significant path for floodwater can occur is therefore critical in ensuring that
these systems are as safe as permanent ones in reducing flood risk.

The operational stages necessary to ensure the successful deployment of a temporary or
demountable barrier during the life of a flood hydrograph are shown in Figure 3.4.

Figure 3.4 Operational processes during a flood event
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In Figure 3.4, the operational stages from flood warning through to demobilisation and clean-
up have been outlined separately to draw attention to the processes within each stage. The
actual process required for the operation of a system depends on the type of system and the
organisation or people responsible for its deployment. The times indicated in Figure 3.4 are
explained below.

A temporary system or demountable section of a flood protection system should be fully in
place to form a closed barrier before time T,. T, is the time when the lowest safe level of the
riverbank or permanent part of the protection is reached. This is the floodwater level that can
be permitted within the river or floodplain without the risk of floodwater passing the line of
the barrier. Due to the effect of wave run-up and safety considerations, this level is lower than
the lowest permanent level.

T, is the time at which the actual closure of the barrier commences. It is determined by
working back from T, by allowing adequate time for closure. At T}, all resources required to
commence closure of the barrier are on-site ready to begin closure. The closure period
depends on the type of operation required to close the barrier and the extent of the temporary
or demountable parts. It can vary from a few minutes for automatic operation of a barrier or
gate to over 24 hours for the erection of long lengths of barriers requiring the use of heavy
plant and materials.
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Ty is the trigger level at which the call-out procedure is instigated and mobilisation of all
resources begins. The maximum value of T, is determined by working back from T, by
allowing adequate time for mobilisation. The actual trigger (action) level is then decided. This
is based on the need to provide adequate time for mobilisation and to minimise the risk of
carrying out abortive emergency operations. An unacceptable level of abortive warnings and
operations is counter-productive. The mobilisation period depends on the call-out procedure of
the organisation or people responsible for the operation of the defences and the transportation
and access requirements to get all necessary resources to the site. The mobilisation period can
range from zero for automated sites to over 12 hours for isolated sites where the demountable
sections or temporary barrier units are not stored near the proposed deployment area.

The length of time T, — Ty is the period required between the water reaching a pre-determined
trigger or action level and achieving full closure. This is the most important factor in
determining whether an area at risk from flooding can be protected with a temporary or
demountable protection system, and which types of systems are suitable. A temporary or
demountable system that requires significant mobilisation and closure time may be suitable for
areas at the downstream end of a large river catchment. However, a demountable system that
is operated automatically by water level sensors may be the only viable non-permanent option
for the protection of an area at the upstream end of a catchment where river levels rise quickly
following a storm.

After reaching its peak, the flood level starts to fall with time until it reaches a level at time T;
corresponding to the barrier opening level. This level is usually the same as the lowest (safe)
permanent protection level (the level at time T,). Unless a second peak in level is forecast,
barrier opening or dismantling normally begins at Ts.

Failure of closure of a flood protection system will occur when the river level is higher than
the lowest permanent part of the river bank or system and the temporary barrier or
demountable section of the defence is not fully in position. Using the principles laid out in
Figure 3.4, Figure 3.5 shows a simplified failure tree for non-closure of a flood protection
system. The three types of failure shown in Figure 3.5 are considered in Sections 3.4.2-3.4.4.

Figure 3.5 Failure tree for non-closure of a flood protection system
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3.4.2

343

Failure of the flood warning system

Once the design flood hydrograph (see Figure 3.4) or another reliable indication of threshold
flood level has been determined, a flood warning system is required to trigger the mobilisation
phase of the closure operation. Flood warning can be based on rainfall forecasts, flow
measurements or water level measurements. These systems can be read manually, recorded
electronically or monitored and simulated in real-time. The actual warning process can be
automated, a manual call-out or a combination of both. For a local community, this might be
activated by a more general warning from the Agency, for example through Floodline.

Failure of a flood warning system occurs either due to the failure of a technical part of the
system such as instrument malfunction, or human failure to interpret and act to initiate
mobilisation following a flood warning.

To ensure reliability, the size and skills of the operating body must be sufficient to manage the
flood warning system. The mechanics of forecasting and monitoring also need to be reliable,
with a ready back-up system. A forecasting and monitoring system that relies solely on
weather forecasts or rainfall/run-off read-outs will have a low reliability, while one that is
based on real-time monitoring of the upstream catchment will have a high reliability.

A reliable flood warning system is a pre-requisite for the successful use of a temporary or
demountable flood protection system.

Failure of mobilisation

The aim of mobilisation is to ensure that all personnel, material and plant required to
commence erection or closure of a temporary or demountable protection system are on-site
before the closure protocol begins.

There is no mobilisation phase for fully automated demountable systems. For all other non-
permanent systems requiring some form of human operational intervention, this is a necessary
phase for successful closure.

The time available for mobilisation depends on the steepness of the flood hydrograph (the rate
at which local river levels rise after a storm).

Mobilisation will fail if the call-out system fails or if the required resources such as people,
equipment and material do not reach the barrier before the time set to begin closure or
installation.

The mobilisation period can be reduced by the following actions:

e automation of part of the call-out and mobilisation processes;

e on-site or local storage of temporary barriers or demountable sections and any other
materials required for the composite protection system;

e regular training and emergency exercises;
e improved access to the locations where the barrier sections are stored and deployed;

e improved communication systems.
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3.4.4 Failure of closure operation

Once the flood warning and mobilisation phases have been successfully carried out (before the
closing level is exceeded), the actual closure or erection of the temporary barrier or
demountable section of the system can begin. The resourcing of this phase depends on the
time available for closure. This is normally constrained by the steepness of the relevant flood
hydrograph. The period for carrying out the closure processes can be reduced by the following
actions:

e increased resources such as people and plant;

e an increase in the level and extent of the permanent parts of the composite protection
system;

e regular training and emergency exercises;

e regular maintenance and testing of the defence elements.
The closure operation can fail due to either human error or technical malfunction.

Failure due to human error can include performing an operation wrongly, carrying out a series
of processes in the wrong order and the lack of necessary tools or keys. These errors can be
easily prevented or rectified with proper supervision and a good written and practised closure
plan.

Failure due to technical malfunction may occur both through external circumstances or
malfunction of one of the elements within the temporary or demountable protection system.
Within automated or semi-automated demountable systems, failure often occurs within the
mechanical system (for example, failure of a drive or the electrical supply to part of the
system). For manually operated or erected systems, failure is more likely to be due to an
omission or a material or plant-related problem.

Some typical sources of failure during mobilisation and closure are given in Table 3.1.

Table 3.1 Typical sources of failure during mobilisation and closure

Temporary or demountable systems Demountable systems with fully-automatic
requiring part erection or manual closure | or semi-automatic operation

Transport or crane malfunction Jamming of moving parts
Material damage or lost Barrier temporarily away for
maintenance or repair
Materials mixed-up Failure of locomotion
Damage to permanent elements Power supply failure

Blocked access or jamming of covers or | Lack of maintenance
locks to permanent elements

Insufficient time allowed for operations | Accident due to automatic closure of gap
during its use for other purposes

Insufficient access or space for required | Debris or obstruction jammed within
plant defence

Resources not available
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3.5

3.6

Summary of risk analyses

Risk analysis has shown that, when dealing with temporary and demountable systems, it
requires extra effort to establish the same level of safety as with permanent protection
systems. As a result, permanent protection systems set the benchmark for safety.

The main difference for temporary and demountable systems is the added series of operational
activities that need to be carried out successfully to ensure safe closure of the system. More
extensive failure analysis of temporary and demountable flood protection systems is given in
two reports from the Dutch Technical Advisory Committee on Water Retaining Structures
(TAW) (Technical Advisory Committee on Water Retaining Structures 1997 and 2000).

Aspects such as warning systems, operational procedures, training and regular emergency
exercises play a vital role. Provided thorough consideration is given to these matters,
temporary and demountable flood protection systems can be safe alternatives in situations
where permanent systems cannot be used.

When to use temporary and demountable flood protection systems

If it is not feasible to construct permanent protection to the required level, the initial issues
governing the possible use of a temporary or demountable system are:

e the availability of adequate forecasting and warning systems;

e the ability to complete all operational activities in time.

The high-level decision-making process necessary to determine the suitability of temporary
and demountable systems for a given scenario is outlined below. A simple flow chart to

illustrate the process of deciding whether to use a temporary and demountable system is
shown in Figure 3.6.
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Figure 3.6 Decision-making flow chart
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The decision whether to use a permanent, temporary or demountable system should follow a
review of factors such as:

e feasibility

e Jocal acceptability

e safety

e operational and legal constraints

e available resources.

The decision process is a risk management process that starts with the identification of the
additional risks due to operational requirements for temporary and demountable systems.

The first step in the process is to seek to eliminate the risk. If a permanent flood protection
system can be constructed that is technically, economically and environmentally feasible, then

this is the preferred option.

There are a number of situations where a permanent system cannot be built to the required
standard. This may be due to issues such as the need for dual purpose (for example, flood
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protection and access), economics or aesthetic reasons. Where this is the case, options for
temporary and demountable systems can be considered.

Once it has been decided that a temporary or demountable protection system is a potential
option, the next step is to carry out a high-level feasibility study and the likely acceptability of
such a system in the locality. This phase includes considering the access to the site during an
emergency. The concept of using a temporary or demountable system must be acceptable to
the local population. A feeling of safety is an important factor in obtaining public acceptance.
Public acceptance can be increased by early involvement in the scheme.

If temporary and demountable systems are in principle acceptable locally, the next step is to
review the reliability of existing flood forecasting and warning systems, and their use to
trigger closure. These can be considered using reliability indicators. The use of reliability
indicators involves assessing and rating possible actions. For flood level monitoring, these
could be periodically read gauge boards with forecasting based on rainfall forecasts at the
lower end of the scale and electronically recorded river levels with real-time forecasting at the
higher end of the scale. The required reliability level will depend on the acceptable flood risk.

If the existing forecasting and warning system is deemed sufficiently reliable, the next step is
to allocate responsibility for all phases of the system life cycle. Responsibility for the design,
construction, future operation and maintenance phases must be clearly stated.

The capability of the organisation to provide and manage resources in an emergency should
also be considered at a high level.

Whichever organisation is deemed responsible, it is important to consider their legal position.
For example, the legal issues faced by a Flood Defence Operating Authority under their
operational powers may differ from those for a developer or landowner. The main issue is the
possibility of worsening the risk of flooding to other properties.

Before deciding on the use of a temporary and demountable protection system, the
organisation or person responsible for its management must ensure that they are legally
allowed to erect or use such a system. Third party concerns such as ownership issues, rights of
access, effect of barriers on third party flood risk, conflict with other parties or local bye-laws
should be considered and any requirement for planning or other consent checked with the
local planning authority. This is particularly necessary for demountable systems as they
include permanent parts.

The use of a temporary or demountable protection system should be considered further if:

e itis not possible to construct permanent protection to the required level;

e areliable flood forecasting and warning system exists;

e Jocal and legal issues are favourable;

e there is a reliable organisation with sufficient resources to manage the system.

Sections 4 and 5 describe the categorisation of available temporary and demountable systems,
and the process of choosing appropriate systems for various conditions and requirements.
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4.1

4.2

4.2.1

Generic Categorisation and Description of Existing Systems
Approach to categorisation

This section deals with the classification of existing temporary and demountable flood
protection systems into generic categories. The categorisation system was developed on the
basis of existing products and those currently in development. It was, however, designed to
accommodate likely new systems. Every endeavour was made during the generic
categorisation to ensure consistency across both types of systems.

The most important factor in the development of the generic categories was the behaviour of
the systems during operation and under hydraulic loading. If any aspect of a group of systems
made their behaviour or form significantly different from others, they were separated into a
generic group. While it could be argued that more or less categories would have been
appropriate, a balance was made between having enough generic groups to minimise large
behavioural ranges within each category and having a manageable number of groups.

Every temporary or demountable flood protection system has unique functional, operational
and structural characteristics which limit how, where and when it can be effectively deployed.
The characteristics important for the satisfactory performance of temporary and demountable
flood protection systems are discussed in Section 4.2. As these characteristics are similar for
systems within the same generic grouping, a review of each group was undertaken to highlight
some of their key characteristics. The results of this review are given in Sections 4.3 and 4.4
for temporary and demountable systems, respectively.

Characteristics of temporary and demountable systems

The characteristics of a temporary or demountable flood protection system determine its
ability to be used within a particular scenario. Functional, operational, structural and seepage
characteristics are discussed in Sections 4.2.1-4.2.3.

Functional characteristics

These are the physical characteristics of a protection system such as dimension, shape and
form. In particular, the following attributes need to be considered:

Height of the protection system

The deployed height of the system above its bedding surface determines the maximum head of
floodwater that can be retained before overtopping occurs. This height also limits the location
where the system can be deployed — especially where physical height restrictions exist. The
height of the system is sometimes higher than the design head of water to be retained or the
protection capability. The protection capability is deduced from structural analyses and
performance testing.

The ability to increase the height of a flood defence system during service conditions is also
important. A protection system with the capability to be increased in height after installation is
useful when the flood event is higher than predicted. This is important for sites where there is
a lack of confidence in the ability to forecast flood levels. Where the system height can be
increased during service, it is important to confirm the structural adequacy of the barrier and
the bearing capacity of the underlying soil for the total stacked loading.
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4.2.2

Width of the protection system

The deployed width of the protection system is important in deciding whether it can be used
within the site’s space constraints. This can be a key characteristic when protection is required
on top of an embankment or a wall with a set crest width, or in areas where there is limited
width for closing or erecting the barrier.

Adaptability to terrain and bedding conditions

The barrier acts with its bedding surface and foundation to form the protection system. The
ability of the barrier to adapt to various terrain and bedding conditions therefore needs to be
considered. The rigidity of barriers affects their ability to adapt to types of terrain such as
undulating or sloping, and soft or hard surfaces. This adaptability affects the system’s seepage
and stability characteristics.

Adaptability to change in alignment

The ability of a barrier to adapt to the required vertical or horizontal change in alignment at its
location of use can be critical to its suitability — especially where sharp bends or steps are
involved. Adaptability is normally achieved either through the flexibility of the system due to
its form, or the provision of fixings or procedures that allow some form of alignment change.

Joints and end fixings

The form of a barrier and its accessories/fittings affect both its ability to achieve an effective
connection with its end conditions and the integrity of the joints between separate connected
units. Good connections are essential to ensure effective performance of the whole of the
temporary or demountable system. Connections and joints are unique to a particular system
and are not generally assessable at a generic level.

Operational characteristics

These are the operational requirements that are necessary to store, transport, deploy and
remove a flood protection system. These operational issues are critical to ensuring the system
is available for use and is erected before the relevant flood levels are reached. Relevant
operational characteristics include the following.

Time required for deployment

The time required for the deployment of a flood protection barrier is one of the most important
attributes that governs its suitability for a particular scenario. The total time required for
deployment is the time from when mobilisation begins to the time when the protection system
is fully in place.

The mobilisation process depends on:

the procedures followed by the organisation or people responsible for the deployment;

the location of the system;

the remoteness of the site;

e transportation requirements;

the amount of site preparation required.

The second stage of the deployment process is the erection or closure of the temporary or
demountable barrier. The time required for closure depends on the type of product, the
resources available, the length of the required protection and the complexity of the operation.
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Resources required for installation

The number of people and the amount of plant required for the installation of a system and the
requirement for other materials affect the ability of an organisation to install a temporary or
demountable system effectively. The minimum resource requirement is governed by the
weight, size and installation requirement of the system. The type of plant that can be used in
an area may be limited by site constraints, which in turn affect the type of protection systems
suitable for the area.

Storage and transportation requirements

The ideal situation is for all sections required for the installation of a temporary or
demountable flood protection system to be stored near their proposed deployment. Where this
is not practical due to space or other constraints, off-site storage should be provided.

The amount and type of storage required depend on the size of the components in their packed
state, their form, and the design of individual components. The type of storage depends on the
need for protection from external factors such as rain, ultraviolet radiation and vandalism. The
review of available systems in Sections 4.3 and 4.4 considers storage and transport
requirements for different types of system.

The organisation or people responsible must have access to the vehicles and/or lifting
equipment required for loading or transporting barrier components. The deployment site must
be accessible by these vehicles during an emergency.

Site preparation and clean-up requirements

The site preparation required for a temporary or demountable system can be significant. It
depends on the particular system and is usually carried out to remove any blockage from the
line of protection and to prepare the bedding surface. Actual requirements normally depend
on:

e the form and design of the barrier;

e the bedding surface;

e other functions for which the line of protection is used.

Clean-up requirements after demobilisation or opening of the system can also be significant
and again depend on the system. They usually involve:

e the physical removal of dirt and debris from the barrier components and the deployment
area;

e removal and disposal of materials such as aggregates and water used as part of the
protection;

e return of the bedding surface to its usual state.

Ease of deployment

Temporary and demountable flood protection systems are almost always deployed in cold, wet
and windy conditions. Deployment can be made easier by:

e using modular systems whose sections can only be connected the correct way;

e providing training and operational manuals;

e minimising operational activities.
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Although the ease of installation or closure of barriers is influenced by the design of
individual barriers, some appreciation of the ease of deployment on a generic scale was made
during the review.

4.2.3 Structural and seepage characteristics

These characteristics affect the structural stability or seepage through or around temporary and
demountable flood protection systems. They also affect the system’s ability to resist the loads
to which it might be subjected in service. Some relevant characteristics include the following.

Likely structural failure methods

The resistance of a temporary or demountable system to typical failure methods such as
sliding, rolling, excessive seepage, piping, bearing capacity failure, overturning and collapse
provides an indication of its likely mode of failure under extreme loading. The form and
design of structures can also provide some clues. A review of the likely methods of failure can
improve the design and management of systems. Stability calculations and testing are required
to obtain data on the expected performance of individual systems.

In addition to structural stability under design loading conditions, other considerations are:

e wind resistance — usually critical before the floodwater arrives;
e the bearing pressure of the barrier on the bedding surface (this affects foundation or
bedding requirements).

Excessive seepage and piping

Seepage through a system can occur:

e through the barrier;

e at the joints between the barrier and the bedding or adjoining structures;
e through the subsoil.

Seepage characteristics are important as they can exceed acceptable limits or lead to structural
failure of the system due to the development of internal erosion, piping and foundation failure.

Seepage through the barriers can be assessed by considering the design and form of the
material. The seepage at the barrier’s interface with its bedding surface, adjoining structures or
through the subsoil depends on site-related issues such as terrain and subsoil characteristics.

For demountable systems, such issues must be dealt with as part of their foundation design by
one or more of the following methods:

e stopping or reducing seepage using joint and edge sealing methods;

e increasing the seepage path horizontally (wide barriers or use of aprons/skirts);

e increasing the seepage path vertically by providing a seepage cut-off.

For temporary systems, the appropriate choice of location and use of systems with adequate

designs for sealing and horizontal seepage path extension should reduce the likelihood of
excessive seepage and piping.
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4.2.4

4.3

Resistance to damage
The review considered:

e the resistance of the temporary or demountable barrier to damage of its components by
impact, vandalism and tear/puncture;

e how easy it was to repairdamage during service conditions;

e the likelihood of component damage leading to a progressive failure of the system.

These attributes are important in mapping the strength of the barriers to the expected loading

or potential form of damage for a particular scenario. In general, rigid structures such as steel

and aluminium are more resistant to damage and failure progression, but are less easy to repair
under service conditions compared with more flexible systems.

Other relevant characteristics

In addition to the functional, operational and structural and seepage characteristics described
above, the review covered other characteristics that affect the whole life cost and
environmental acceptability of the system. These include:

e initial purchase cost

e maintenance requirements

e aesthetic qualities

e durability

e re-usability

e versatility of use for other functions required by the organisation or people managing its

deployment.

Some of these factors are crucial to the economics of buying a system and can have a major
influence on the business decision of selecting the system that provides the best value for
money.

Temporary flood protection systems
Six categories of temporary flood protection systems have been identified. These are:

e filled containers — permeable;

e filled containers — impermeable;

e air and water filled tubes;

e flood barriers — free-standing;

e flood barriers — with frame;

e panel barriers.

A brief description of each type of barrier is given below, together with a summary of their

advantages and disadvantages. To ensure adequate system performance, all types of barrier
need to be deployed on suitable (preferably planned) bedding surfaces and subsoils.
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4.3.1 Filled containers — permeable

These are cellular barriers filled with aggregates to form a barrier against floodwater. The
barrier materials are typically geotextile or geosynthetic fabrics, which can usually be
collapsed for storage. Some systems are strengthened and held in place by wire meshes, pins
and steel frames. Figure 4.1 shows a typical filled container — permeable.

As the geotextile liners are not impermeable, water tightness is achieved by the mass of
material with which they are filled. Some systems are stackable, providing the flexibility to
increase the barrier height during service.

This type of barrier functions as gravity dams. They rely on their weight to provide structural
stability and their overall permeability to prevent seepage through the structure. They are
generally flexible and adapt well to uneven terrain. Sand bags ideally fall within this group.

Advantages:

e Height of some systems can be increased during service by stacking.
e (Can usually be installed by unskilled labour.

e Small storage space required.

e Adapt to uneven formation/terrain.

e Ideal replacements for sand bags.

e (Can use readily available fill material.
Disadvantages:

e Clogging of material/effluents within the fabric can make cleaning difficult or impossible.
e Stacked defences require significant width, which may not always be available.

e Some steel supports and pins may buckle or deform beyond reuse under stacking and
service loading.

e Need to dispose of large volumes of probably contaminated material after flood event.

e Seepage can be a problem, but this can be minimised by using a suitable choice of
geotextiles and fill.

e High bearing pressure on bedding surface when stacked.
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Figure 4.1 Filled container — permeable
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4.3.2 Filled container — impermeable

These are barriers made of impermeable materials such as polyester, polyethylene and plastic.
The containers themselves are impermeable and are filled with water or aggregates only to
provide additional weight. These systems are gravity structures achieving stability through
their weight and shape.

The more flexible materials are susceptible to tearing by sharp objects and some ground
preparation is therefore necessary before installation. Minor leaks can usually be repaired in
service. These systems are generally more rigid than permeable filled containers and do not
adapt as well to uneven terrain.

Figure 4.2 shows a typical filled container — impermeable.

Advantages:

e Height of some systems can be increased during service by stacking.
e Does not rely on fill material for water tightness.

e Can be filled with any available material (including water).

e Easily washed and reusable.

e Minor repairs to tears or punctures can be done in service.
Disadvantages:

e Most systems are currently untested in flood conditions.

e Significant seepage may occur under the barriers due to their rigidity.
e Large structure to store and transport.

e Significant mobilisation and demobilisation operations.

e High bearing pressure on bedding surface when stacked.
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Figure 4.2 Filled container — impermeable

Typically plastic PVC or other
waterproof material with metal
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Filled with water or aggregate
(optional for some systems)

Bottom seal formed
by flexibility and weight of
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4.3.3 Air and water filled tubes

These flood protection products are typically pre-fabricated geomembrane tubes filled with air
or water to form a dam. They utilise air or water — always in abundance during flood events.
The water-filled tubes are gravity dams, which use the weight of water to provide stability.

The tubes are normally portable and require pumps for inflation. Some are stackable. This
should be performed with caution, as the tubes do not necessarily adhere to each other as well
as they do to the bedding surface.

The tubes have a significant width-to-height ratio when fully deployed (a 2 m high tube can
occupy a width of about 7 m). They can be quickly deployed and require only manual
installation and one or two mobile pumps. Larger tubes may, however, require four or more
people for deployment..

To prevent rolling, most systems have some form of anchoring. Internal anchoring methods
include using internal baffles, internal tubes and multiple tubes secured to form a stable shape.
External anchoring methods include anchor pins and the use of long skirts on which the
vertical pressure of the water acts. Air-filled tubes tend to have external anchoring due to their
light weight.

Air and water filled tubes are generally suitable for long lengths of protection close to a water
source. They are not ideal for filling small gaps. They are susceptible to tears and punctures,

which can usually be repaired during service (if on the external tube).

Figure 4.3 shows a typical air and water filled tube.
Advantages:

e Low bearing pressure on the bedding surface.
e Very versatile — can be used for many other emergency or operational scenarios.
e Quick and easy to install.

e Small storage space required.
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e Installation only requires people and mobile pumps.
e Tears can usually be repaired in service.
e Flexible enough to accommodate minor uneven terrain.

e FEasily cleaned and reusable.
Disadvantages:

e High width-to-height ratio is restrictive for larger tubes.

e Major tear affecting internal tubes or air-filled tubes can lead to failure of the whole
system.

e Require relatively flat surfaces.

e Risk of water freezing in tubes at low temperatures leading to failure.

Figure 4.3 Air and water filled tube

External tube, typically waterproof geosynthetic material

m SR —

Overturning is prevented by internal or
external anchoring

4.3.4 Flood barrier — free-standing
These barriers are made of free-standing heavy duty sections, which are self-supporting. The
barrier material is flexible and impermeable. The stability of these barriers depends on the
weight of water acting on a long skirt on the upstream side of the defence resisting the

imposed loading on the barrier. The length of the skirt is designed to ensure adequate stability.

Seepage may occur at low water levels. To minimise this, weighting with sand bags or similar
material is advised at the upstream end of the skirts.

The materials used for the barriers are susceptible to tear or puncture, but can be repaired
during service conditions. They are easily cleaned and reusable. Deployment does not require
any equipment, and is quick and easy.

Figure 4.4 shows a typical flood barrier — free-standing.
Advantages:

e Quick and easy to install.
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e No equipment or machinery required for installation.

e Small storage space required.

e FEasily transportable in cars and small pick-up trucks.

e Low bearing pressure on bedding surface.

e Low mobilisation, demobilisation and clean-up requirements.

e FEasily cleaned and reusable.
Disadvantages:

e Susceptible to leakage at low water levels.
e Skirt may twist or flap under heavy winds and current.

e Susceptible to vandalism and accidental tear or puncture.

Figure 4.4 Flood barrier — free-standing

solid membranes

Z N | ] 20

Long sleeve to provide
stability and reduce
seepage

4.3.5 Flood barrier — with frame

These consist of metal frames with non-rigid impermeable membranes spanning between
them. Some products have other semi-rigid materials that also span between the metal frames
and which are covered by an impermeable membrane. The impermeable membrane normally
extends upstream to form a long skirt for increased stability and sealing.

The frames have a tendency to exert high bearing pressures on the bedding surface and thus
may not be suitable for areas with direct application onto soft soils.

Figure 4.5 shows a typical flood barrier — with frame.

Advantages:

e Adapt well to various terrain conditions (except hard surfaces).

e Some systems can be increased in height during service.
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e FEasily cleaned and reusable.

e  Minor repairs to membrane can be made under service conditions.
Disadvantages:

e Membrane is susceptible to heavy winds (especially before flood peak).
e High bearing pressure on soil.

e Susceptible to leakage at low water levels.

e Heavy transportation and storage requirement.

e Susceptible to vandalism, accidental tear and puncture damage.

Figure 4.5 Flood barrier — with frame
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4.3.6 Panel barrier

These are pre-fabricated concrete, steel or other rigid panel elements connected together to
form a continuous barrier. They are gravity structures, depending on their weight for stability.

They are very resistant to impact and vandalism, but require heavy lifting equipment,
transportation and a large storage area. They transmit high bearing pressures onto the bedding
surface and may not be suitable for direct erection on soft soils. Seepage under the barriers is
often significant due to their rigidity. They are generally not suitable for alignments that need
to contain corners.

Figure 4.6 shows a typical panel barrier.

Advantages:

e Some systems can be increased in height during service by stacking.
e High resistance to impact and vandalism.

e Durable and reusable.
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4.4

44.1

Disadvantages:

e Requirement for heavy lorries and lifting equipment.
e Likelihood of high seepage under barrier.

e Failure cannot be easily rectified during a flood event.
e Systems cannot easily accommodate corners.

e High bearing pressures on bedding surface.

Figure 4.6 Panel barrier

Typically steel or precast
reinforced concrete

e > &

Stability and sealing relies

on the weight and bedding
surface

Demountable flood protection systems
Three categories of demountable flood protection systems have been identified. These are:

e flood barriers — flexible
e flood barriers — rigid

e panel barriers.

A brief description of each type of barrier is given below, together with a summary of their
advantages and disadvantages. All these barriers rely on the design of their permanent
foundation to ensure adequate bearing capacity and to prevent excessive seepage or piping
through the subsoil.

Flood barriers - flexible

These barriers are made of heavy duty flexible impermeable materials. The barrier is normally
removable, with the sockets or grooves being the only permanent parts. They are similar to the
‘temporary flood barrier — free-standing’ type described in Section 4.3.4, except for their
shorter skirts (their stability relies on connection to their foundation).
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The materials used for the barriers are susceptible to tear or puncture, but can be repaired
during service conditions. They are easily cleaned and reusable. Deployment is quick and
easy. Currently available systems come in set heights, which cannot be increased in service
conditions.

Figures 4.7a and 4.7b show a typical flood barrier — flexible under normal and flood
conditions.

Advantages:

e Quick and easy to install (no equipment or machinery required).
e Small storage space required.

e FEasily transportable in cars and small pick-up trucks.

e Low mobilisation and demobilisation requirements.

e FEasily cleaned and reusable.
Disadvantages:

e Susceptible to vandalism and accidental tear or puncture.

e Currently available systems come in fixed heights.

Figure 4.7a Flood barrier — flexible under normal conditions
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Figure 4.7b Flood barrier — flexible under flood conditions
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4.4.2 Flood barriers — rigid

These barriers are made of rigid materials such as steel or fibreglass. The barriers are normally
fully pre-installed and only require operation during an emergency. Operation can be either
manual or automatic. They are normally hidden away in an underground compartment or
attached to an adjacent structure or permanent protection. Most flood gates fit this class of
protection system.

Manual operation normally involves opening the protective cover and pulling the barrier up
into place, or just closing the barrier. This process can be semi-automated. Automatic
operation can be controlled by sensors and actuators, or by direct hydraulic link to the
watercourse.

This group of barriers is subject to significant ongoing development as their acceptance will
depend on confidence in their reliability to operate without a significant risk of failure. Most
existing proprietary systems of this type are manual or semi-automated.

Figures 4.8a and 4.8b show a typical flood barrier — rigid under normal and flood conditions.

Advantages:

e No installation or construction required during event.
e FEasy and quick operation.
e No off-site storage or transportation is required.

e Stable and high resistance to impact.
Disadvantages:

e Defence height cannot be increased during service.
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e Possibility of failure of mechanical part or electricity supply.
e Cover or structure can get jammed with debris.

e Risk of conflict of dual use with automatic operation.

Figure 4.8a Flood barrier - rigid under normal conditions
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Figure 4.8b Flood barrier — rigid under flood conditions
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4.4.3 Panel barriers

These are rigid panels placed horizontally between stanchions supported by permanent
foundations. The panels and stanchion guides are usually lined with seals to ensure water
tightness.
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This is the only feasible system for temporarily increasing the flood protection of a narrow
wall. However, the foundation of such a wall needs to be able to withstand the new imposed
loading.

Sealing between the panels and onto the stanchions is normally of high quality, with on-
sealing pressures maximised within most product designs.

Depending on the time available for installation, these systems can normally be erected with
only a few people. For barrier heights over 1.2 m, lifting equipment is required for safe
installation.

Figures 4.9a and 4.9b show a typical demountable panel barrier under normal and flood
conditions.

Advantages:

e Generally robust and well engineered.

e Good resistance to loading and impact.

e Very durable.

e Can be increased in height by adding panels up to the height of the frame.

e Very low seepage through and under the structure.
Disadvantages:

e [Large storage area required.

e Heavy transportation and lifting requirements.

e Long installation and mobilisation period.

e Permanent parts susceptible to damage and vandalism.

Figure 4.9a Demountable panel barrier under normal conditions
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Figure 4.9b Demountable panel barrier under flood conditions

Demountable barrier

T
|
S

T o=
1
S | S S | B (S

fixed sections \
of structure

Foundation

R&D Publication 130 35



5. Selecting an Appropriate System
5.1 Approach

This section provides guidance on how to select the most appropriate system(s) for a particular
flood protection scenario. This selection process (Figure 5.1), which is a follow-up to the
initial decision process outlined in Figure 3.1, assumes that the use of temporary and
demountable defences is the chosen option.

A risk-based approach to the selection of an appropriate system is used, which systematically
removes systems that cannot be safely deployed within the available time by the available
resources. Once closure is achieved, the ability to protect the area at risk effectively is then
considered by ensuring the appropriate protection levels and integrity of the protection system.
Other relevant economic, environmental and/or whole life management issues are then
brought to bear in making the final decision.

Due to an increasing number of available systems and a large range of potential situations
where protection systems are required, the selection process involves the elimination of
unsuitable systems. This elimination process is simplified by a gradual progression from
principal types of defences to generic types, and then onto specific systems.

Through each stage, there is a constant review of the ability of the available systems or groups
of systems to provide the required protection effectively at the required location, with the
required resources and within the time available. All these requirements need to be satisfied
for a system(s) to be suitable.

The selection process illustrated in Figure 5.1 has four distinct stages. The first stage is as

described in Section 3.6 and is added for completeness only. The remaining three stages are
described in Sections 5.2 to 5.4, respectively.
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Figure 5.1 Selection process chart
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5.2

Selection of principal options

Stage 2 of the selection process involves a review of the hydraulic characteristics of the
catchment such as the shape, magnitude and timing of level hydrographs. This information
can be obtained from:

e hydrological studies;

e calibrated hydraulic model runs;

e historical catchment knowledge and records.

The reliability of this information is important because the results of subsequent processes
depend on its accuracy. After reviewing the catchment hydraulics for a range of flooding
probabilities, the next step involves determining the lead-in time between the flood warning

trigger or action level and the lowest safe permanent level. These levels are as described in
Section 3.4 and Figure 3.4.

The lead-in time is made up of mobilisation and closure — two separate processes that lead
onto each other. The mobilisation period includes the call-out and transportation of all
required personnel, plant and materials to the site. Its duration depends on the call-out system
and the remoteness of site from resources (including storage of the temporary barrier or
demountable section and any required materials). Transportation and access can also affect the
mobilisation period.

Closure is the process of sealing the gap in the flood protection or erecting the temporary
system. This can involve:

e site preparation;

e erection of a temporary barrier or demountable section;

e manual closure of a pre-installed barrier;

e automatic closure based on the receipt of electronic signals;

e direct closure though hydraulic connection of a moveable barrier to the watercourse.

The closure period depends on the type of protection system, the length of the moveable
sections or barrier, and the resources available for its closure.

The time available for mobilisation and closure can be determined from the hydrograph (see
for example, Figure 3.4). This is governed by:
e the steepness of the hydrograph;

e the character of the trigger mechanism or action procedure in relation to the location of the
defence;

e the difference in level between the flood warning trigger or action level and the lowest
safe permanent level.

A decision on the principal type of temporary or demountable flood protection can be made
from the available lead-in time using the chart given in Figure 5.2.
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Figure 5.2 Principal decision chart for temporary and demountable flood protection
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Where automatic operation is chosen, it is necessary to manage potential conflicts from dual
use in order to avoid failures or accidents.

The lower the option in the chart (Figure 5.2), the more organisational resources and
management are required. The ability of the organisation or community concerned to manage
the required emergency operational activities should therefore be considered at a high level.
The organisational capability will depend on available personnel and plant in an emergency.
Another key to capability are the organisational systems, including:

e available emergency systems;

e call-out and standby systems;

e extent of training and emergency drills;

e availability of good supervision.

If the organisational capabilities are considered inadequate, either a higher option can be
selected from the chart (Figure 5.2) or non-permanent parts of the protection system reduced.
This can be done either horizontally by increasing the length of the permanent part or

vertically by increasing the lowest permanent level. This process should be continued until an
option that can be effectively managed by the organisation is selected.

This stage should eliminate systems that cannot be safely and effectively closed within the
available lead-in time.
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5.3

Selection of appropriate generic groups

The generic categorisation is described in Section 4, which includes a discussion of some of
the issues outlined above in Section 4.2. Stage 3 of the selection process aims to eliminate all
inappropriate generic types by the mapping functional attributes, structural attributes and
operational requirements of the generic groups of systems to the protection requirements and
organisational resources.

Functional considerations generally relate to dimensions, location and water tightness. They
include:

e required protection height versus available height range;

e ability to increase the height of protection during service conditions;

e available width versus required width for protection system (including space for
installation or closure operations);

e available ground and terrain conditions versus suitable terrain conditions for temporary
barrier;

e suitability of the protection system for the required horizontal and vertical alignment;
e subsoil (in particular seepage characteristics).
Structural considerations involve estimating the design loading on the system and assessing

the system’s ability to resist this loading and to maintain structural stability. The
characteristics to be considered include:

e resistance to failure by sliding, overturning, foundation bearing capacity failure, excessive
seepage and piping;
e the ability to repair damage during service;

e the likelihood of progression of damage to whole defence failure.

Operational considerations involve mapping the time and organisational resources available to
that required for the erection or closure of the moveable part of the protection system. This
ensures that an organisation does not choose a system that it may not be able to install
completely within the lead-in time available. Operational considerations include:

e available period for mobilisation and closure versus period required for operation of the
protection system with the resources available;

e required resources (labour, plant, materials) for different system types;

e required storage, transportation and lifting facilities;

e requirement for site preparation and clean-up;

e case of installation.

Once these issues have been considered, a reduced list of appropriate generic groups should be
available from which specific systems can be selected.

To assist readers with the selection process, tables showing the characteristics of the generic
groups of temporary and demountable protection systems are provided (Tables 5.1 to 5.6).
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This stage should eliminate all generic groups of systems that are not suitable for the expected
loading, available resources and site conditions.

Selection of appropriate system(s)

Stage 4 involves considering specific individual characteristics of products found in the
generic system(s) selected by stage 3.

Even within the generic groups, there is a wide range of characteristics. Therefore, the
information in Tables 5.1 to 5.6 show ranges of applicability in some cases instead of specific
characteristics.

Actual dimensions and other information should be reviewed at this stage by considering the
individual characteristics of available products in the chosen generic groups. Information on
currently available proprietary systems within each category and contact details for their
suppliers are given in Appendix A. This is not an exhaustive list as new products and changes
to existing ones are continuously being made. Updated information on these systems is
available on the Agency’s Floodline website (http://www.environment-agency.gov.uk/flood).

Other characteristics that are individual to products but critical to their suitability for particular
sites (for example, their adaptability to the end conditions available at the site, alignment and
terrain characteristics) should also be considered.

This stage of the review will further reduce the systems to those which:

e are technically, economically, environmentally and legally suitable;

e can be erected or closed within the available time by the available resources;
e once closed perform the required function effectively without failure.

The final decision follows consideration of other issues that affect the whole life cost and
potential impact of use. These include:

e cost (including initial capital, maintenance, storage and deployment costs);

e durability, reusability and life expectancy;

e environmental characteristics such as appearance and potential for pollution;
e versatility of use — especially for multi-operational organisations;

e performance information from test results and use in flood conditions;

e case of use of system;

e availability of installation guide, training and after sales support service.
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6.1

6.1.1

6.1.2

Guidance on Use

To ensure safe use of temporary and demountable flood protection systems, effective
management of the three main potential modes of failure (overtopping, structural and
operational) is required. These modes of failure are discussed in Section 3.1. This section
concentrates on organisational and operational aspects, which require continuous management
once the system has been bought and any permanent parts installed. The information given in
this section aims to provide basic guidance to maximise reliability. However, it can be
extended as necessary to suit specific needs.

Organisation

Responsibility for the design, installation, operation and maintenance of the system should be
clear. The organisation or community responsible for the operation and maintenance of the
system must be able to implement adequate procedures and provide sufficient resources to
ensure the safe mobilisation and operation of the protection system. Some key organisational
requirements are outlined below.

Availability of appropriate resources

The knowledge and experience of the available personnel are crucial to the reliability of the
protection system. The level of skill required depends on the type of system and its operational
requirements.

In addition to the people carrying out operational processes, appropriately skilled personnel
should be available to provide adequate supervision. Highly skilled supervisors are better able
to develop safe creative solutions when things do not happen as planned. Someone should be
available (preferably the supervisor) who can make emergency financial decisions without
having to refer to others.

The right type of equipment and material for every stage of the mobilisation and operational

phases must be available. The use of the wrong type of tool or equipment should be avoided as
this can lead to unsafe installations or injury to personnel.

Training

Appropriate Skills need to be refreshed as necessary with adequate training. Two forms of
training are required:

e training in the basic skills required for the operations;

e regular emergency exercises (drills).
These forms of training will help to:

e increase familiarisation and thus improve the reliability of those concerned;

e verify the adequacy and condition of the flood barriers and emergency procedures.

Emergency drills should ideally be carried out at least once a year before the flood season.
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6.1.3

6.2

6.2.1

Flood protocol

The reliability of a flood barrier increases when the mobilisation and closure operation
procedures are laid down in a flood protocol. This ensures everyone is aware of what
individual actions need to be carried out, by whom and when. More importantly, it ensures
that the anticipated time for mobilisation and closure activities can be achieved.

The procedures for all operational processes from the receipt of the flood warning to post-
event clean-up should be outlined clearly in the flood protocol. This should state:

e the trigger levels or codes;

e their interpretation and communication;

e the actions required by all team members during the mobilisation installation/closure,

period of closed protection, demobilisation and clean-up phases.

The protocol should be reviewed regularly following significant changes to key personnel,
catchment or flood protection structure, or any operation that may affect the emergency
procedures.

For greater reliability, the protocol should provide for back-up and troubleshooting at all
stages of the operation. Every process should also have a confirmation loop to ensure early
detection of errors or mistakes. It should also be recognised that a defence is only as good as
its weakest point.

Typical elements in a flood protocol are:

e contact list of all personnel, back-up personnel and relevant third parties;
e call-out procedure;

e trigger water levels and required action;

e plant and material location (including back-ups);

e mobilisation protocol;

e closure operation protocol;

e clean-up procedure.

Mobilisation and closure operation protocols are discussed in more detail in Sections 6.3.4 and
6.4.5, respectively.

Storage and maintenance

Storage

For those systems that require installation as part of the emergency operations, the temporary
or demountable parts require adequate storage when not in use. The following guidance relates
to the storage of moveable components.

e If possible, the storage area should be next to the required deployment area. In all cases, it

needs to be as near as practicable to the area or group of locations for which it is intended.
The storage area should be accessible at all times.
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6.2.2

6.3

6.3.1

e The type of storage provided should offer adequate protection from the environment for
the type of system concerned.

e Sections should be laid and stacked in accordance with the manufacturer’s instructions and
should not be allowed to retain standing water. They should be laid in such a way as to
facilitate adequate access for inspection and maintenance, and easy removal in an
emergency.

e Storage facilities should be well lit to allow for fast and safe deployment.

e If possible, dedicated storage should be provided for the temporary or demountable parts
of the system to avoid both damage through other activities and loss of components.

Maintenance

Adequate maintenance of all moveable and permanent parts is essential to ensure the
reliability of the flood protection system in service. These parts should be cleaned thoroughly
and inspected after each use. All tears or damages should be repaired or parts replaced before
the parts are stored for future use. All moving parts should be greased as necessary. Regular
inspection and maintenance should also be carried out at intervals defined by the
manufacturer. A quick visual inspection should be carried out before use, with adequate
provision made for spares.

Regular testing should be carried out as recommended by the manufacturer. Initial
performance assessment and testing are discussed in Section 7.

If possible, a logbook containing the maintenance and inspection records should be kept with
the defences. This will provide information on the state of the defences. Attention should be
drawn to elements that have been removed for repairs or that are awaiting repairs to ensure
they are not used in an emergency.

Mobilisation

The mobilisation phase begins with the receipt of the flood warning and continues until all
personnel, material and plant required for to commence installation or closure of the defence
are on site.

Call-out

Call-out procedures should be well documented and practised. A reliable call-out system
depends on dedicated, 24-hour availability of all personnel. To ensure this, a stand-by rota is
required. All personnel on standby should be contactable and available at all times. Back-up
lists should be available for unavoidable absences.

The call-out system should be managed from a central point to:

e ensure a single point of information management;
e identify and resolve mobilisation problems.
This management point can be passed to a dedicated site person or supervisor for the latter

stages of the mobilisation. The key to a successful call-out exercise is good communication
and feedback.
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6.3.2 Access

6.3.3

6.3.4

Successful mobilisation requires accurate information about access. Reliable access during a
flood scenario for all personnel and plant should be planned, available in the protocol and
known by all members of the emergency team. Back-up information for key points of access
should also be available in case of emergency blockages.

Reliability of access is critical where considerable transportation of defence elements and
materials is required. The capacity of the access points should be checked beforehand for all
vehicles (loaded weights) required to install the flood protection system.

Shared use of space can occur where the alignment of the temporary or demountable
protection system is also used for other purposes such as parking, access, mooring or as part of
a domestic or industrial building. Regular inspection of these sites is required to ensure their
availability during flood events. In addition, 24-hour contact information should be available
for all other interested parties.

Responsibilities for obtaining access to all closed areas requiring keys or opening mechanisms
should be clear. Such keys should always be held by more than one person to ensure back-up.
There should be a check system for keys; lack of keys is a common delaying factor during
mobilisation.

Equipment and materials

All equipment and materials required for the erection or closure of the system should be
identified and recorded in the flood protocol. It is essential that the right tools and equipment
are available along with trained people to use them in an emergency.

The location of materials should be recorded and checked regularly to ensure their continued
availability. Contact details for obtaining material or equipment should be set out in the flood
protocol.

Back-up equipment and materials should always be available, as they are not normally
dedicated for the sole use of the flood protection system.

Mobilisation protocol

The mobilisation protocol is that part of the flood protocol that deals specifically with
mobilisation issues and verification of the state of readiness of the organisation. The protocol
should outline:

e all the processes involved in the mobilisation;
e the responsibilities of all personnel;

e check procedures.

It is vital that continuous water level monitoring takes place during mobilisation to ensure that
real-time information is available and to assist with decision-making. The mobilisation
protocol should be clear on the link between mobilisation and closure operation. Based on the
ongoing monitoring and the progress of mobilisation, decisions will need to be made before
the closure period begins. The ability to make the decision to abort or commence closure will
depend on the quality of the real-time forecasting information available. There should be clear
responsibility for making such decisions and for their communication as appropriate. There
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6.4

6.4.1

6.4.2

6.4.3

should also be clear responsibility for checking the list of required resources to ensure their
availability on site.

Closure operation

The closure operation phase commences once the mobilisation phase is complete and a
decision has been made to begin the erection or closure of the flood protection system.

Site preparation

In all situations, it is important to ensure that the area where the flood barrier is to be erected is
clear. This is particularly important where the sealing of the barrier depends on its interface
with the soil. Large holes or protrusions can reduce water tightness.

Drainage pipes or systems that cut across the subsoil into the protected area should be blocked
temporarily, as this is a common seepage route. Sharp objects should be removed from the
bedding surface of flexible barriers to reduce the risk of a tear or puncture.

Where sites share spatial uses, the need to tow or lift large objects away from the deployment
area may arise. Access to suitable moving equipment should therefore be available.

All fittings, covers to underground housings, sockets and defence sections should be checked
and made ready for use. A check should be made along the length of the protection to ensure
there are no blockages, debris or access issues.

Site preparation sometimes occurs or begins during the mobilisation phase once some
personnel are on site (especially for small sites). What is important is that it is carried out
before the system is erected or the barrier is closed.

Supervision and quality control

A system of quality control is required within the closure operation protocol to ensure that
adequate checks and supervision are carried out at all stages of the operational phase. Every
part of the protection system should be checked by a competent person for correct fixing and
adequate time allowed for dealing with errors or omissions.

Supervision should involve a review of the remaining time before the lowest safe permanent
level (as defined in Section 3.4.1) is reached to ensure that the removable barrier or sections
are installed, or the system is fully closed and checked in time. Any overrun in the preceding
stages should be managed by using more resources (if practical) to achieve timely closure. A
temporary or demountable protection system is not functional unless it is closed before the
water level reaches the lowest safe permanent level.

Health and safety

The safe method of carrying out all operational processes should be recorded clearly and all
personnel given appropriate training.

Flood emergencies often occur in the middle of the night in dark, wet, cold and slippery
conditions. The use of personnel who are already tired after a normal day’s work for long
lengths of emergency operations increases the risk of accidents. To avoid this, the emergency
procedures should provide for proper staff management and shift work for the installation of
systems requiring over six hours of erection.
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6.4.4

6.4.5

6.5

6.5.1

Adequate safety work gear should also be available to reduce the risk of accidents.
Defence surveillance

Once erected, the protection system must be kept under continuous surveillance until flood
levels have receded below the opening level (Figure 3.4). This is particularly important for
flexible protection systems, which are more susceptible to damage by vandalism or accidental
impact. Responsibility for this surveillance and the actions to be taken if damage occurs
should be made clear and written into the flood protocol.

Damage to flexible systems can normally be repaired by covering the damaged area with
repair material. Rigid materials usually require other sections or containers to be placed
behind the damaged section to reinforce the structure.

Whatever material the protection system is made of, the recommended damage repair method
should always be recorded in the flood protocol, and adequate repair materials and equipment
made available on site.

Operations protocol

All aspects of the operational processes should be laid down within the closure operation

protocol. This is part of the flood protocol and should include all requirements for:

e site preparation

e erection

e closure

e surveillance

e damage repair

e supervision.

Each process should be detailed clearly and responsibilities stated. The protocol should make

clear:

e how the closure operation phase is begun or triggered,;

e the checking procedure following closure or erection;

e surveillance and monitoring activities;

e the actions that lead towards beginning the removal of the temporary barrier or
demountable sections at the end of the flood event.

Demobilisation and performance evaluation

Demobilisation

The demobilisation phase begins once the water level has receded below the opening level and
the flood event is confirmed as over. The procedure for demobilisation, clean-up and storage
of demountable or temporary sections of the protection system should be outlined in the flood
protocol.
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6.5.2

To avoid damage, the system should be dismantled, lifted and transported according to laid
down procedures and manufacturers’ guidelines.

Once all removable parts have been dismantled or the barrier opened, they should be properly
cleaned, checked for damage and counted. Any recommended post-event oiling or coating
should also be carried out.

All permanent and moveable parts should be inspected and all damage recorded. Damaged
parts should then be separated and repaired or replaced as soon as possible after the event.
Lifting, transportation and storage should be carried out in accordance with laid down
procedures.

Some systems use materials such as aggregates or water as part of the protection system.
These should be removed from the systems completely before cleaning. Disposal of
aggregates should be carried out in accordance with current guidelines and legal requirements.
Aggregates that have been in contact with floodwater may be contaminated. They should be
examined and disposed by a method appropriate to their post-event condition.

Once all temporary or demountable parts have been removed from the line of protection, the
area should be cleaned up and returned to its pre-event state. This may involve:

e removal of debris;

e levelling of the ground surface;

e opening of access points;

e securing all permanent parts of the system to discourage public access or tampering.
Performance evaluation

As soon as practical after demobilisation, all relevant information about the loading on the
barrier and its response should be collated. Such information may include:

e the predicted and actual flood level hydrograph;

e timing of the flood warning trigger or action level;

e seepage and damage records;

e the performance of the protection system under loading;

e the effectiveness of the call-out system;

e the time taken for all phases of mobilisation and operation;

e the ease of erection, closure or damage repair;

e resource deployment;

e the adequacy of storage, access and communications;

e demobilisation issues.

These and other relevant issues should be reviewed with the emergency team in a debriefing
session. The aim of this session is to compare the predicted performance of the protection
system and all operational procedures with the actual performance, and to identify

improvements or, at the minimum, validate the performance of the existing protection system
and flood protocol.

R&D Publication 130 54



As temporary or demountable systems are seldom erected or closed, it is important to carry
out emergency drills. During such exercises, the information highlighted above should be
reviewed and the flood protocol amended as necessary.
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7. Performance Assessment and Testing

Like all engineering systems, temporary and demountable flood protection systems should be
designed properly and constructed in accordance with a well-defined specification.

During development, techniques such as desk-based assessments, laboratory tests and field
testing can be used to assess how the system will perform and to identify ranges of application
(for site-specific or more general applications).

In a separate move, the industry is seeking to develop a standard specification for accreditation
testing of temporary protection systems to help users recognise products that have achieved a
minimum standard. It is not intended that testing will address all design issues (such as
establishing safety factors for that product), but will serve to benchmark individual products.

The flow chart shown in Figure 7.1 represents how temporary and demountable flood
protection systems may be developed. The rationale and processes for product development

and product accreditation are described in Sections 7.1 and 7.2, respectively.

Figure 7.1 Product development chart*

Product
concept

'

Product
development 47’ Laboratory test

«— Desk studies

PR Field tests

Accreditation
(minimum

standard) Check installation
P guide

Y Laboratory test

* It may be possible for a system designer to achieve accreditation without undertaking
design development using desk studies, laboratory testing and field testing. However, for
temporary and demountable protection products, it is unlikely that system designers will
be able to demonstrate the product’s performance without undertaking this work.

R&D Publication 130 56



7.1

7.1.1

Product development
Objectives for design development

The primary objective of performance assessment and testing for a temporary or demountable
flood protection system is to determine whether the system can perform its stated function in
its stated deployment environment for a specified length of time.

Testing helps to confirm or define the characteristics and limitations of a system, making it
possible to map protection types to different flood risk scenarios.

To establish confidence in the test results, testing needs to be performed or supervised by
competent independent specialists.

The two main issues that need to be addressed during performance tests are:

e protection system stability and seepage characteristics;

e construction issues.

Performance testing of stability and functionality characteristics is carried out to determine the
water retention characteristics of the system and its safety factor against structural stability
failure under service conditions. Testing requirements may include some or all of the
following:

e rate of seepage (through and under the barrier, including joints);

e safety factors against overturning, sliding, rolling and bearing capacity failure under
design loading of hydrostatic water pressure (plus appropriate allowance for waves,
currents and floating objects);

e resistance to damage by impact, tear or puncture, and vandalism;

e progressive deterioration of the system or damage to it;

e ability to repair or strengthen the system during service conditions;

e Dbehaviour of the system under loading in excess of its design (particularly on overtopping)

and identification of the likely failure mode.

Performance testing of construction characteristics is carried out to confirm the operational
and local site conditions required for deployment. Testing requirements may include some or
all of the following:

e assessment of manpower, plant, materials and time required for the installation and
removal of a set length and height of system (for example, 100 m long and 1 m high);
e assessment of the additional requirements for higher systems up to the maximum height;

e assessment of the suitability for various bedding and terrain conditions such as flat,
sloping and undulating terrain, rock, soil, hard, smooth and rugged surfaces;

e the ease and versatility of construction along straight lines, bends, corners, joints and end
connections;

e simplicity of construction;

e required storage and transportation;
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e required site preparation and operational space.

7.1.2 Approach to performance evaluation

7.1.3

Temporary and demountable flood defences are available in various forms, and are designed
for a wide range of loading, location, terrain and foundation conditions. The approach used for
their performance evaluation needs to be sufficiently flexible to recognise their proposed
loading and exposure conditions.

The testing methodology should be based on a phased process, with the contents of each phase
determined by:

e available information on the design;
e previous testing and use;
e the form of the defence;

e the stated conditions of use.

The performance testing process generally consists of three phases. The desk study review
(phase 1) is vital for the developer to understand how the system actually works and to ensure
it has adequate safety factors. Laboratory and field testing (phases 2 and 3) are necessary to
prove that the system works in practice. The number of phases and the extent of testing depend
on the type of defence and available information.

Testing requirements for defences within the same generic class are expected to be similar.

Performance testing phases

Phase 1: Desk study review (to understand and justify how the product works)

This phase involves an examination of the stability calculations for critical design loading and
exposure conditions. The method of construction and data from previous tests, the product’s
development and use are also reviewed.

The system is categorised using the generic categorisation described in Section 4.

The output from this phase is a review of the system and the specification for the next phase(s)
of testing. This review indicates the types of tests to be carried out as well as appropriate
ranges and combinations of hydrostatic, wave, current and wind loading.

Phase 2: Laboratory testing (to test and understand the product performance in a
controlled environment)

Laboratory tests are carried out as identified in phase 1 to test the ability of the system to
withstand the critical loading scenarios and foundation conditions for which its use is
recommended. Where the terrain, soil or foundation conditions can not be modelled easily in
the laboratory, then additional field testing may be required if these conditions are considered
critical and if the laboratory experiments cannot be modified to establish behaviour under the
required operating conditions.

Laboratory testing is expected to be more appropriate for predicting the response of defences
to a range of combinations of hydrostatic, wave and current and wind conditions. This is
because these can be simulated accurately in a controlled manner for a specified range of
loading conditions.
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7.2

While it may be appropriate to measure seepage through and under the barrier in still water
conditions, the behaviour of the defences in terms of stability will require application of the
critical loading.

If the conditions permit, information about construction issues such as the ease of
construction, demobilisation, time and resources required can be tested in the laboratory.
However, the practicalities of the construction process may limit this to field testing.

Phase 3: Field testing (to check the complete system, including installation issues, in
real situations)

This type of testing is carried out at a site suitable for the demonstration and measurement of
aspects of the performance of defence systems that cannot be measured reliably in phase 2.
This phase is particularly relevant for testing the behaviour of defences in different terrain and
foundation conditions, as well as construction issues.

The ability to carry out this phase depends on locating suitable sites.

Product accreditation

HR Wallingford is currently (May 2002) drawing up a performance assessment protocol for
stability and functionality testing of temporary protection systems in a project led by the
Department of Trade and Industry (DTI). Satisfactory assessment of performance is expected
to secure certification of the protection system for use in designated conditions. This will help
users select their preferred system and, in the longer term, will help to develop incentive and
other financial support schemes.

The recently formed Flood Protection Association (FPA) — a trade association for
manufacturers of flood protection systems within and away from protected properties — is
represented on the DTI-led project. The FPA’s prime objective is to promote best practice
within the industry.

The testing regime is still being assessed, but will include as many of the attributes identified
in Section 7.1 as possible within the limits of practicality and cost-effectiveness. These limits
may mean that the accreditation process will cover laboratory testing only. However, the
testing process will record on the test certificate whether:

e the developer (or designer) has undertaken design calculations;

e an installation guide has been produced that contains information on standard subject areas
(similar to the way in which COSHH statements for products address specified subject
areas).

It is envisaged that a system will either pass or fail the tests. If a product fails, then it may be
necessary to review the designated conditions and/or undertake further development work as
described in Section 7.1.

To reduce cost, product accreditation may be undertaken by the developer at the end of the
design development process.
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Appendix Al:

Summary table for proprietary temporary
flood protection systems

Filled container -

impermeable

Name of product

Manufacturer/supplier

Contact information

Description

Dura-Bull Creative Building Products |www.soacorp.com/cbp | Tough hollow plastic containers up to
Barricade* 6409 Highview Drive (+1) 260 459 0456 1.35 m high and 0.8 m wide. Filled
Fort Wayne, IN 46818 (+1) 260 459 0920 fax with water or aggregates. Can be
USA stacked to form higher defences,
which will occupy a wider area. Non-
slip bottom surface, fabricated from
recycled UV-protected polyethylene.
MRP Systems MRP Systems Ltd Jsims @ukmrp.com Hollow polyethylene boxes 1.0 m x
Modular PO Box 71 www.ukmrp.com 0.75 m x 0.5 m (minimum
Shielding* Marple 0161 427 8910 dimensions). Filled with water or
Cheshire SK6 5XB aggregate depending on requirements.
Can be stacked to form higher
defences, which require lateral
stabilisation by constructing T-shaped
walls.
Quick Damm Quick Damm GmbH info@quick-damm.de Steel tube frame enclosed within a

Flood Safety
System*

PO Box 100351
D35333 Giessen

www.quick-damm.de
(+49) 641 96870

PVC-covered polyester textile and
filled with water or aggregate. It has

Germany (+49) 641 9687137 fax | been used in numerous flood
prevention situations. Variable heights
from 0.5 m to 2.0 m. Easily
transportable roll-down container
available.

Filled container - permeable
Continuous MBW (UK) Ltd. mbwuk @btinternet.com | Geosynthetic fabric encapsulated
Berm* Unit 6 Bradley Fold www.mbw.com continuous berm of sand rock or soil

Trading Estate 01204 387784 produced by the continuous berm

Radcliffe Moor Road machine. Can be installed to a height

Bolton BL2 6RT of 0.3 m. Extensively used in the
USA for construction site run-off
water quality control.

Hesco Hesco Bastion Ltd www.Hesco-group.com | Aggregate-filled geotextile

Concertainer Unit 37 Knowsthorpe Gate |Hescob@AOL.com concertinaed panels connected by

Bastion* Cross Green Industrial 0113 2486633 joining pins. Fully collapsible.

(manufacturer) |Estate Leeds LS9 ONP Bezinal-coated wire mesh panels
joined by coil hinges lined with
geotextile. Height of units from 0.6 m
to 2.0 m. Stackable.

Hesco Profile Technologies Ltd Info@Profiletechnologies. | As above

Concertainer Offices 6 and 7 co.uk

Bastion* Former Magistrates Court | www.profiletechnologies.

(supplier — only |Market Hall Street co.uk

in Hereford and | Kington 01544 230023

Worcestershire) |Herefordshire HRS 3DP

Quick Damm Quick Damm GmbH www.quick-damm.de Steel tube frame enclosed within a

Flood Safety PO Box 100351 info@quick-damm.de geotextile fleece and filled with

System* D35333 Giessen (+49) 641 96870 aggregate. It has been used in

Germany (+49) 641 9687137 fax  |numerous flood prevention situations.
Variable heights from 0.5 m to 2.0 m.
Easily transportable roll-down
container available.
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