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Evidence at the
Environment Agency

Evidence underpins the work of the Environment Agency. It provides an up-to-date
understanding of the world about us, helps us to develop tools and technigues to
monitor and manage our environment as efficiently and effectively as possible. It also
helps us to understand how the environment is change and to identify what the future
pressures may be.

The work of the Environment Agency’s Evidence Directorate is a key ingredient in the
partnership between research, policy and operations that enables the Environm
Agency to protect and restore our environment.

The Research & Innovation programme focuses on four main areas of actpw

e Setting the agenda, by informing our evidence-based pohueﬁdwsory and

regulatory roles;
e Maintaining scientific credibility, by ensuring that our%ammes and
projects are fit for purpose and executed according Q@ernational standards;

e Carrying out research, either by contracting it research organisations
and consultancies or by doing it ourselves;

e Delivering information, advice, too &@:hnlques by making
appropriate products available to our and operations staff.
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Foreword

This guide outlines current good practice for the design, assessment, management and
operation of trash and security screens upstream of culverts in England and Wales. It
updates and supersedes the Trash Screens: Design and Operation Manual, published
by the Environment Agency (2002). That publication had itself updated and superseded
National Rivers Authority (NRA) Publication P-126, Interim Guidance Notes for the
Design and Operation of Trash Screens (1993).

This guide promotes the use of a risk-based approach to assessing the requirement for
and design and management of trash and security screens. It is for use throughout the
Environment Agency and we will encourage local authorities and others involved in the
design and management of screens to follow this guidance to:

e encourage asset managers, planners and designers to carefull (lﬁer
the need for a screen, and to fully investigate alternative meal
achieving the desired outcome and to ensure new screens a ly
provided where the benefits are significant and outwei @ ks;

¢ provide a comprehensive guide to the planning and ign of a screen,
following confirmation of the decision that a screen@required;

N\

e provide guidance to owners and operators of ens on how they should
be monitored, operated and maintained to e optimum performance.

The conclusions and recommendations set out in I@@(‘)cument are for guidance only
and are not mandatory. All decisions regardin ns should be taken in the context
of a particular site and after evaluation of the Q@ and options available. There is no
such thing as a standard or universal desi \for a screen and the drawings and
photographs are included to illustrate the ciples only.

screen except where the benefit ignificant and outweigh the risks. This guide
should help to ensure that apps@priate factors are taken into account in all stages of the
decision-making process. O

N

Peter Robinson ’\\C)
Technical Ad\@(FCRM Asset Management)

/\*‘\@Q

In general, the Environment Agencg ishes to discourage the use of any form of
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PART ONE — INTRODUCTION
AND OVERVIEW



1 Introduction

Culverts are conduits that enclose flowing bodies of water, for example to enable a
stream to pass under a road. Screens can be installed on the ends of culverts for two
main reasons:

e Trash screens reduce the amount of trash and debris entering the culvert
(where it could cause a blockage).

e Security screens prevent unauthorised access to the culvert.

It is possible for a screen to serve both of these functions, although normally there will
be one dominant purpose.

A trash or security screen can also affect the hydraulic performance of a wat e
and impact upon flood risk. The Environment Agency Trash Screen Policy,i ed on
a risk-based approach. The expectation is that new screens will be provid nly
where the need is justified and the benefits outweigh the risks.

The aim of asset managers is to ensure that assets: Q(b
e always perform as designed,; .
e are fit for purpose; (\\
e provide value for money; (b$
e minimise both the flood and general @h and safety risks.
This Trash and Security Screen Guide (the gtiide) supports this aim by:

e encouraging asset managers, planners and designers to consider carefully
the need for a screen, an @y investigate alternative means of achieving
the desired outcome;

e providing comprel@sive guidance on the planning and design of a screen
(following contir@' n of the decision that a screen is required);

e providing gv&ﬂce to owners and operators of screens on how they should
be oper\et\@) d maintained to ensure optimum performance.

1.1 _Sgope of the guide
FOK and emphasis the guide is split into three main parts relating to:

introduction and overview;

e assessment of need for a trash or security screen including the assessment
of existing screens and the risk of providing or not providing a new or
replacement screen;

e screen design, monitoring, and operational considerations.

The guide does not cover ‘fine mesh’ weed screens and filters, which are commonly
provided at pumping stations.

The approach described in this guide is derived from studies into the performance of
trash screens across the UK. Much of the guidance is based on empirical research
comparing well-performing screens against those where problems have developed.
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1.2 Use of this guide

This guide has three potential user groups:
e anyone responsible for assessing the need for a new or existing screen;
e designers of screens;
e asset managers responsible for maintenance and operation of screens.

The guide sets out how each step of the requirement/need for a screen and risk
assessments, design and operational management should be addressed. Design tasks
address the design of a completely new screen and the refurbishment or improvement
of an existing one.

The recommended risk-based approach uses a scoring system based on identi
hazards and assessing the probability of them occurring. A risk score is therQS as a
decision-support tool to determine whether or not to provide a screen.

A flow chart is included at the end of Section 3 to assist asset manage%d
designers. ltillustrates the step-by-step approach to assess the n screen and
the processes to be followed during its subsequent design. @

0\0

1.3  Context $(\

This Trash and Security Screen Guide supersed Qh‘bl'rash Screens: Design and
Operations Manual (Environment Agency 2002 %c itself replaced the National
Rivers Authority (NRA) Publication P-126, Ims\' Guidance Notes for the Design and
Operation of Trash Screens (NRA 1993). N

Other engineering and environmental ign guides have been produced by the
Environment Agency, CIRIA and H ingford (see References section). These
should be consulted at the time ogk gn or assessment to ensure that best practice is

being applied. The guide will f companion guide to the CIRIA Culvert Design and
Operations Guide which is se%g‘uled to be published in 2009.
)

1.4 Rolexaf'the Environment Agency
The Environ@&gency has a number of roles relating to trash screens including:

.\-@e latory authority, issuing land drainage consents for new works;

,QQ site owner;

e operating authority, exercising permissive powers via a maintenance
regime.

Procedures need to be followed within these roles, and we must be able to show that
best practice has been used in the design and assessment of screens.

This is most readily demonstrated by an audit trail showing use of this guide. To ensure
good practice all decisions made regarding the design and assessment of a screen
should be recorded in a decision-support register. Specific decision-support registers
have been identified for both new and existing screens. Further details are found in
Sections 4.9 and 5.3 respectively.
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1.5 Key guidance

Key guidance boxes such as the one below are included throughout the guide to
highlight important points. They should not be regarded as complete summary of a
particular section.

Key guidance 1: Use of screens

We discourage the use of any form of screen except in circumstances where the
benefits are significant and outweigh the risks.

1.6 Definitions Q
Definitions of technical terms are given in the Glossary. Q(]/
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2  Classification of screen types

Understanding the primary purpose of the screen is fundamental to making the correct
decisions on the need, risks and detailed design for the screen. Throughout this guide
screens are referred to as being either a trash screen or a security screen and this
section provides more detail on this distinction.

However, it is quite common for a screen to perform more than one function and, if so,
it is necessary to consider different design criteria and specifications for each type of
screen. If this approach introduces different and conflicting requirements, the final
design needs to result from an evaluation and consideration of the risks associated

with the particular installation. Q

2.1 Trash screens q/
\
Key guidance 2: Objective of a trash screen @‘\
The objective of a trash screen should not be to trap as much debijssas possible. In

fact, the screen should trap as little debris as possible commeﬁqrate with the aim of
preventing material that could cause a blockage from progressihg downstream.

N\

The type of trash screen required will depend upc&' ature of the debris in the
I

watercourse. The type of debris can be loosely c ied into three types:
e coarse debris (such as boulde~§$ee trunks);

e general debris (anything fr% nches/plants to armchairs and oil drums);

e a combination of coa%@ general.
ar

not covered in this guide.

Screens for finer material debr'¢
y

The distinction between
relates mainly to the sp
often placed some di

pes and trash screen types is not clearly defined, and
of the bars on the screen. However, coarse screens are
e upstream of the culvert and are designed to overtop when
obscured by debri reas general debris screens are usually situated at the inlet to
the culvert. This e addresses both types of trash screen, though those relating to
general debri covered in greater detail.

&
2.2\\(\ Coarse debris (including boulders) screens

Coarse debris can be classified as:
¢ bed load which rolls along the bed and should pass through any screen;
o floating debris.

Coarse debris may include large vegetation (such as tree trunks) and boulders.

Depending on the nature of the watercourse, it may be possible to reduce coarse
debris by routine inspections and physical removal. However, it is unlikely that all
potential debris can be removed before it arrives at a trash screen site.

Trash and Security Screen Guide 2009 5



Coarse debris is likely to require stronger screen bars and the weight of the debris is
likely to be greater than general debris. Screen bars are likely to be more widely
spaced.

Debris collecting on a coarse screen will be overtopped by the continuing flow and
such screens need to be designed to ensure that overtopping does not cause flooding.

2.3 General debris screens

In many urban locations, general debris may be present accidentally (such as wind-
blown debris) but more often arises through a deliberate act (for example, disposal of
household waste such as old carpets, furniture, garden cuttings).

Some debris may arise from vandalism (such as shopping trolleys, road signs
type of debris varies in physical size and weight, and is often the most diffic
remove from a screen.

Screen bar spacings have to be sufficiently small to enable the trappiPSAE materials
without being too small so as to be prone to unnecessary blockag

2.4 Combination of debris scree@\o

There will be sites where a combination of debris is li . In this situation, a
combination of screen types may be appropriate, low-level coarse screen sited
upstream of the main general debris screen. \Q

0\\

2.5  Security screensc,

4
Key guidance 3: Objective of a@ﬁrity screen
The purpose of a security s@is to prevent unauthorised access to the pipe or

culvert. \\

Unauthorised aocQ\?\o a pipe or culvert or other enclosed space presents the greatest
risk at sites Wh@ ildren may be playing or where a rapid rise in water levels is
possible.

If a culv’e%te cannot be fenced to prevent unauthorised access, there may be

to install a security screen particularly if the risk of unauthorised entry is
gre n the risk of blockage of a screen at the site. Security screens prevent
unauthorlsed access to the pipe or culvert but a screen at the downstream end of the
pipe will also prevent escape and this should be always taken into account.

For a security screen to be effective it must by definition be similar to a general debris
screen in its general characteristics but screen bar spacing becomes the main design
criterion.

This guide covers the justification and risk assessment processes in relation to types of
screen in Section 4.
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PART TWO — ASSESSING THE
NEED FOR A SCREEN
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3 Assessing need

3.1 Identify the options

It should not be assumed that a screen is the right answer to a particular problem.

There is no doubt that a properly designed screen can reduce or even eliminate the
probability of debris blockage or of unauthorised access. It is also true that screens
themselves can cause severe problems, most notably local flooding due to blockage of
the screen. It is therefore essential that all practical alternatives are investigated and
eliminated before reaching the decision to provide a screen.

The need to explore other options is reinforced by the fact that, in all cases, (1/
necessary under the Water Resources Act 1991 and the Land Drainage Aﬁ&l to
seek approval and where necessary a formal consent from the Environment’/Agency
before installing a screen in a watercourse. This requirement ap proposals
both from within the Environment Agency and from external part@

Key guidance 4: Policy

The guidance contained in this document is generally in aq ance with the
Environment Agency’s draft policy regarding screens. g in this guidance
supersedes or overrides the stated policy of the Eniiyw, ent Agency.

AN

o
Approval is unlikely to be given unless the ter of the screen can demonstrate that
all other options have been explored and.&jected as impracticable. Any application for

approval will therefore need to be supp%te by evidence that a credible investigation of
alternatives has been carried out. (0,

Options fall into three broad cate S namely:

e do nothing; . O
e reduce the déx'rs or access problem at source;

>
e desi n\Qg‘gll and maintain a screen.

The identificati options applies equally to trash screens and security screens
because, altl?g the primary function of the latter is to prevent unauthorised access,
any scree@v accumulate debris over time.

Ke)@&a‘ance 5: Options
It should not be assumed that a screen is the right answer to a particular problem.

In any given situation, a screen is only one of the options available to remove or
reduce the perceived risk. A decision to provide a screen at any location must be
based on a full appreciation of the risks and benefits. It is essential that all practical
alternatives are investigated and eliminated before reaching the decision to provide a
screen.
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3.2 Do nothing

In all cases, the ‘do nothing’ option (no active intervention) means just that — no action
is taken to lower or remove the perceived risk. This option is only acceptable if the
perceived risk is shown to be small or non-existent, or if the risks associated with taking
any form of action outweigh those of taking no action. Nevertheless, the ‘do nothing’
option provides a baseline against which other options are compared.

Figure 3.1 Highway culveéﬁ}th no requirements for a screen.

Figure 3.1 shows a relati short and straight large cross-section culvert under a rural
highway; the probabilj debris causing a blockage is small, the flood risk is small
and there is no just on for a trash screen.

The culvert ca full or close to full as it is in the picture. It is relatively short so the
risk of any p becoming trapped within the culvert is small and the site is fenced.
There is r@'u ification for a security screen.

~N
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Q)
r

Figure 3.2 Culvert in aresidential area with no ements for a screen.

Figure 3.2 shows a culvert with similar chara to the highway culvert shown in
Figure 3.1. The risk assessment at this site~'\ ified no requirements for a screen

both for trash and security. $

©
3.3 Reduce probl@?at source

The next group of options,f Qs on removing or reducing the risk by actions that
address the problem at s@ rather than its consequences, for example by looking at
ways to reduce the de oad in a stream or keeping children away from the entrance

*

to a culvert. N

These options @clude such measures as discouraging illegal dumping in or near a
watercourse encing off an unsafe inlet rather than installing a security screen.
Although %v@)nly be applicable in certain circumstances, removing the culvert (day
lightin ’\ reinstating the open watercourse should always be considered.

A

34 Install a screen

The remaining options involve the construction of works, including screens, to reduce
or remove the risk. The consideration of options should not focus only on the particular
structure in question, but should examine the ‘hydraulic system’ and the process of
debris movement. This is particularly important when there are significant flood risks.
Assessment of options must be consistent with System Asset Management Plans
(SAMPs).

All options should be given due consideration, although it will often be possible to
dismiss some without detailed investigation because they are unacceptable. This
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process should be documented to trace the decision-making process. As far as is
reasonably practicable, all interested parties should be involved in this process or at
least kept informed.

Decision-making may be aided by benefit-cost analysis though, in the case of a
security screen, it is often difficult to put monetary values on the risks avoided.
However, this approach does ensure that operation and maintenance costs are
properly considered.

Key guidance 6: Justification

The decision to install a screen must be fully justified.

Justification may take the form of a benefit-cost assessment in which all the cost@d
benefits are evaluated over the whole life of the screen. In the case of a security
screen, the emphasis may shift away from a simple economic analysis bu so,
the justification must be clear and the economics must be investigated so both the
initial investment and the long-term costs are understood and accepte

An alternative is the multi-criteria approach in which interested p% re able to agree
the criteria and then score them. The main advantages of this ch are that it is
transparent and all interested parties have an opportunity to ibute. However, it can
often be difficult to agree the weighting given to individual ‘tﬁél

The flow chart in Figure 3.3 is intended to assist asset@lagers and designers. It
illustrates: the step-by-step approach required to a the need for a screen; the
stages at which various levels of justification are ired; and the processes to be

completed in the subsequent design. \Q
$’\\,

Q
\O

0’0

A

\®)

O

9

&
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START
Do not provide screen
Investigate other options

What is the Performance
Specification for this Asset
System?

1. N : "
. . ions includin:
Initial Risk Assessment options ?Ud 9
Ny reducing
Is there siill a need for
problem at
a screen?
source

Investigate other

2

What is the purpose of the screen?

[ [

]

General* Coarse®

Combination®

Security*

[ [

J

3

or constraints at the site?

What is the potential debris load?
Calculate area of screen required
What are the environmental opportunities

4.

4a.
Can screen area be . .
! N h Review location
fitted into available
of screen

space?

Review need for
screen

Q

completion of final design configuration, review and check the
Mollowing:

N
Investigate other @& .
options . c) .

6. .
- Who is screen owner and is concept accepted 5. eview need for
by them? W Select optimum bar screen
- Wh_o is responﬂblg for_ operation and spacing by confirming Investigate cther
maintenance and is this accepted? purpose of the screen options
- What specific H & S requirements are there? . Q
7. Q 9.
What is the hydraulic impact on upstream water A Continue design
levels of: of flood damage of screen
a) Free flowing channel? ocked screen been including
b) Partially blocked screen? mitigated? —p| detailed
c) Fully blocked screen? é specifications
A
8a. 10.
8 Investigate mitigation What
Yes Cc. . measures including flood environmental
Is screen reconfiguration
possible? byp§\5§ channel and/or bank enhancements
raising and/or flood flow have been
routing included?
N
\‘
12. 11

What is hydraulic impact?

Have those responsible for operation and maintenance
accepted the design?

Has an agreed Operational Plan been produced?

What environmental opportunities and constraints are there at
the site and what enhancements have been included?

What are the specific Health & Safety implications and how
have these been addressed?

v

Complete Design of Trash
Screen

Complete design of
screen including
operations and
maintenance
specifications

What are the construction
impacts?

* General — Preventing debris (e.g. food packaging & containers, small branches, leaves, twigs) from passing into a culvert where it could accumulate and obstruct the flow

2 Coarse — Preventing large items of debris (e.g. oil drums, pallets, sofas) from passing downstream where they could become lodged in a culvert and thereby cause a blockage
2 Combination — A mixture of two or more of the other screen purposes

4 Security — Preventing people (principally children) from entering a culvert

Figure 3.3 Flow chart to consider requirement for a new trash or security

screen.
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4 RiIsk assessment and
management

Key guidance 7: Risk assessment

Assessment of all the risks taking into account probability and consequence is an
essential part of the appraisal process. This process must include the risks
associated with installing a screen, as well as assessment of the perceived risks that
led to the investigation into the need for a screen.

4.1  Introduction to risk Q"l/

To understand the term ‘risk’ better, it is necessary to define the term ‘haza
hazard is some event, phenomenon or human activity with the potenti cause harm.
Risk is best understood when considered in terms of its two comp rts:

¢ probability that the hazard will occur; Q

e consequence of it occurring. N
For example, the consequence of being