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  EXECUTIVE SUMMARY 

 
Management Strategies and Mitigation Measures for the Inland Navigation Sector 
in Relation to Ecological Potential for Inland Waterways 
 
This work was commissioned by the Association of Inland Navigation Authorities (AINA) 
to support the implementation of the EC Water Framework Directive (WFD). It provides 
information to support defining Maximum Ecological Potential (MEP) and Good 
Ecological Potential (GEP) and the measures necessary to mitigate the pressures 
(either existing or from new modifications) imposed on inland waterways by the 
navigation sector.   
 
The objective of the project is to provide a guidance document which presents a user 
friendly guide for defining MEP and GEP, and identifies management strategies and 
mitigation measures for potential application to the water bodies impacted by the inland 
navigation sector in the UK and Ireland.  Twenty two potential generic mitigation 
measures have been identified that could be used to protect, enhance and restore 
inland navigable waterways, to achieve GEP and/or to mitigate for hydromorphological 
impacts of new modifications.   
 
Key elements of the Guidance Document 
 
The guidance is designed for application by competent authorities and inland navigation 
authorities in the United Kingdom and Republic of Ireland to assist the definition of MEP 
and GEP and to select the most cost-effective combinations of mitigation measures in a 
practical but stringent manner.  
 
The guidance provides the user with sufficient information to identify a water body 
specific suite of mitigation measures that, if fully implemented, would represent 
achieving GEP for that water body. 
 
The guidance is applicable for Artificial Water Bodies (AWBs), i.e. canals, and Heavily 
Modified Water Bodies (HMWBs), i.e. heavily modified rivers, including tidal rivers where 
they are under the control of the same navigation authority as the non-tidal stretches 
and the management regime is similar. 
 
The guidance only considers the hydromorphological impact to waterways as a result of 
physical alterations of watercourses, including direct impacts resulting from boat 
movements, e.g. hard bank protection, dredging, locks, erosion from boat wash, etc.  It 
does not include impacts to waterway ecology as a result of water quality issues and/or 
the use and release of pollutants (point source pollution or diffuse pollution) resulting 
from the navigation sector or other sectors. 
 
The definition of MEP and GEP, and the selection of suitable combinations of cost 
effective measures is a complex process. A step by step methodology has, therefore, 
been used that breaks the selection process down into nine key steps.  These provide 
a logical, clearly understandable and transparent procedure.  The nine steps of the 
selection process are presented overleaf. 
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1 INTRODUCTION 

1.1 Background to the project 

This document sets out guidance for developing management strategies and mitigation 
measures for the inland navigation sector in relation to defining Good Ecological 
Potential and giving consideration to those measures which might be applied to new 
modifications.  It is based on work commissioned by the Association of Inland 
Navigation Authorities (AINA) to support the implementation of the EC Water Framework 
Directive (WFD) regarding the definition of Maximum Ecological Potential (MEP) and 
Good Ecological Potential (GEP), and the measures necessary to mitigate the pressures 
imposed on water bodies (inland waterways) by the navigation sector.  AINA were 
invited by UKTAG* to carry out the work according to their specification template. 
 
The implementation of the WFD requires the development of new approaches and 
methodologies by the competent authorities in the United Kingdom. One of these 
requirements involves developing procedures to ensure the adequate mitigation of the 
pressures created by the construction and operation of navigation channels in order to 
achieve GEP.  Any activity to mitigate for hydromorphological and ecological pressures 
must reconcile the protection of the local aquatic ecology with the use and socio 
economic benefits of the waterway and must fit within the overall river basin 
management planning process. 
 
 

1.2 The Water Framework Directive 

The WFD is the most substantial piece of EC water legislation to date and came into 
force in 2000. The purpose of the Directive is to establish a framework for the protection 
of inland surface waters, transitional waters, coastal waters and groundwaters. To 
achieve this the Directive sets out environmental objectives for all water body types.  
 
The environmental objectives of the WFD for surface waters are that: 
 

·  Member states shall implement the necessary measures to prevent deterioration 
of the status of all bodies of surface water; 

·  Member states shall protect, enhance and restore all bodies of surface water 
with the aim of achieving Good Ecological Status (GES) and good surface water 
chemical status by 2015; and 

·  Bodies of water which are artificial in construction (i.e. Artificial Water Bodies, 
AWBs) or where the physical structure has been irrevocably and heavily 
modified (i.e. Heavily Modified Water Bodies, HMWBs) will be required to 
achieve a status of Good Ecological Potential (GEP) (this status is equivalent to 
achieving GES given the constraints of the physical structure of the water body) 
and good surface water chemical status by 2015. 

 

                                                   
* The WFD-UKTAG is the United Kingdom Technical Advisory Group (UKTAG) supporting 
the implementation of the European Community (EC) Water Framework Directive (Directive 
2000/60/EC). It is a partnership of the UK environment and conservation agencies. It also 
includes partners from the Republic of Ireland. 
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This guidance deals with mitigation measures which might be applied to define and 
achieve GEP in Heavily Modified and Artificial water bodies.  As detailed previously the 
target is to achieve GEP by 2015, although it should be noted that exemptions to extend 
this deadline, or applying less stringent objectives, can be applied in certain 
circumstances. 
 

1.2.1 Artificial Water Bodies (AWB) and Heavily Modified Water Bodies (HMWBs) 

 
Heavily Modified Water Bodies (HMWB) 
 
The concept of Heavily Modified Water Bodies (HMWB) was introduced into the WFD in 
recognition that many water bodies in Europe have been subject to major physical 
alterations to allow for a range of water uses such as navigation, water storage, flood 
defence and land drainage. 
 
These specified uses tend to require substantial physical changes to water bodies of 
such a scale that restoration to GES might not be achievable in the long-term without 
preventing the continuation of the specified use. HMWBs are therefore bodies of water 
which, as a result of physical alterations by human activity, are substantially changed in 
character and cannot, therefore, meet GES.  In this context: 
 

·  Physical alterations mean changes to the hydromorphological characteristics of 
a water body, and 

·  A water body that is substantially changed in character is one that has been 
subject to major long-term changes in its hydromorphology as a consequence of 
maintaining the specified uses/human activities. In general these 
hydromorphological changes alter morphological and hydrological 
characteristics. 

 
Relevant human activities are defined as navigation (including port facilities, or 
recreation), activities for the purpose of water storage (such as drinking-water supply, 
hydropower or irrigation), water regulation, flood protection, land drainage, and other 
important sustainable human development activities. 
 
 
Artificial Water Bodies (AWB) 
 
An artificial water body, for example a canal, is a surface water body which has been 
created in a location where no water body previously existed and which has not been 
created by the direct physical alteration or movement or realignment of an existing water 
body.  This does not mean that there was only dry land present before.  There may have 
been minor ponds, tributaries or ditches, which were not regarded as a discrete and 
significant element of surface water and therefore not identified as a water body. 
 
 
For those surface waters expected to be identified as HMWB and AWBs it is recognised 
that changes to water body morphology may make GES very difficult or impossible to 
meet.  As such, Article 4(3) of the WFD has the specific objective for HMWB and AWB 
to instead achieve GEP. 
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1.2.2 Good Ecological Potential (GEP) and Maximum Ecological Potential (MEP) 

GEP differs from GES (the objective applied to water bodies that are not heavily 
modified or artificial) in that it makes allowances for the ecological impacts resulting from 
physical alterations that: 
 

·  Are necessary to support a specified use; or  
·  Must be maintained to avoid adverse effects on the wider environment. 
 

This means that adverse ecological effects of the physical alteration should be 
appropriately mitigated only when possible without undermining the benefits they serve. 
The designation of HMWB or AWB is not an opportunity to avoid achieving demanding 
ecological and chemical objectives, since GEP is an ecological objective which may 
often, in itself, be challenging to achieve. 
 
The environmental objectives for all water bodies are set in relation to reference 
conditions.  For HMWBs and AWBs the reference condition is Maximum Ecological 
Potential (MEP).   
 
Maximum Ecological Potential 
 
Annex V No. 1.2.5 
[Maximum Ecological Potential (MEP) is defined as the state where] "the values of the 
relevant biological quality elements reflect, as far as possible, those associated with the 
closest comparable surface water body type, given the physical conditions which result 
from the artificial or heavily modified characteristics of the water body.” 
 
 
MEP represents the maximum ecological quality that could be achieved for a HMWB or 
AWB once all mitigation measures, that do not have significant adverse effects on its 
specified use or on the wider environment, have been applied.  MEP is intended to 
describe the best approximation to a natural aquatic ecosystem that could be achieved 
given the hydromorphological characteristics of the water body.   
 
The hydromorphological conditions at MEP are those that would exist if all 
hydromorphological mitigation measures were taken to ensure the best approximation to 
the ecological continuum.  The best approximation to ecological continuum requires 
consideration of all hydromorphological mitigation measures that could reduce any 
obstacles to migration and improve the quality, quantity and range of habitats affected 
by the physical alterations.  This could include connectivity to groundwater and to 
riparian, shore and intertidal zones.   
 
In addition, the mitigation measures for defining MEP should: 
 

·  Not have a significant adverse effect on the specified use (including 
maintenance and operation of the specified use).  This consideration includes an 
assessment of possible economic effects incurred by mitigation measures but 
not an assessment of disproportionate cost of the measures themselves or on 
the wider environment. 
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Good Ecological Potential 
 
GEP is defined as the situation in which the biological, hydromorphological and physico-
chemical quality elements deviate slightly from the MEP that is achievable for the water 
body without significant adverse effects on the specified water uses. 
 
GEP is the environmental quality objective for HMWB and AWB.  Risk of failure of the 
ecological objective for AWB and HMWB is assessed against GEP. 
 
 
Annex V No. 1.2.5 for Biological Quality Element 
[GEP is defined as the state where] “There are slight changes in the values of the 
relevant biological quality elements as compared to the values found at maximum 
ecological potential”. 
 
 

1.2.3 Defining MEP/GEP 

Existing guidance for defining MEP/GEP for HMWBs and AWBs is represented in Figure 
1.1 below, taken from the Common Implementation Strategy (CIS) Guidance Document 
No.4: Identification and Designation of Heavily Modified and Artificial Water Bodies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1.  Common Implementation Strategy (CIS) Approach 
 
Given that the nearest comparable water body may still be quite unlike the HMWB / 
AWB in question, the estimation of MEP will often depend on modelling or expert 
judgement.  Any estimates will be heavily reliant on the availability and reliability of 
reference data, and in some cases this data may be very limited (for example, where 
few water bodies share the same MEP hydromorphological characteristics). 
 
Any errors in the modelling or expert judgement when determining MEP will be further 
compounded when defining GEP.  Any compounding of errors could conceivably lead to 
a GEP being defined that is simply unachievable, without having a significant adverse 
impact upon the user / uses of the water body. 
 

1. Identify all mitigation measures 

which do not have a significant adverse 

effect on use. 

2. Define MEP by estimating the 

biological values expected if all 

mitigation measures had been taken. 

3. Define GEP by allowing slight 

changes in the biological values 

estimated for MEP. 

4. Identify mitigation measures needed 

to support achieving GEP. 
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As such, an alternative approach to defining MEP and GEP has been made available to 
Member States for HMWBs and AWBs. The alternative approach is defined and 
described in the technical report ‘Good practice in managing the ecological impacts of 
hydropower schemes; flood protection works; and works to facilitate navigation under 
the Water Framework Directive’ (WFD CIS, 2006).  
 
Defining MEP and GEP using the Alternative Approach 
 
The steps involved in defining MEP and GEP using the alternative approach are shown 
in Figure 1.2 below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.2. The Alternative Approach  
 
The alternative approach provides an estimation of the MEP biological values using the 
same method as the original approach.  However, it does not require the determination 
of these values to define GEP. 
 
GEP is now defined as the ecological conditions expected when all the mitigation 
measures are taken, with the exception of those that in combination would only deliver 
slight ecological improvements to the HMWB or AWB. 
 
The focus of this approach is to identify the ecologically-effective mitigation measures 
that are compatible with the existing water use and that do not have a significant 
adverse effect on the wider environment. 
 
This guidance document uses the alternative approach to identify mitigation measures 
to support achieving GEP.  
 

1.2.4 Mitigation Measures for New Modifications (Article 4.7) 

Article 4.1 of the Water Framework Directive sets out the objective to ensure “No 
Deterioration of the ecological status of the water body”.  For new modifications where 
there is likely to be a deterioration in status, all practicable steps must be taken to avoid 
adverse impact on the status of the body of water.  Guidance has not yet been issued 
on what may constitute deterioration in status.  This guidance document therefore 
identifies which measures could be used to mitigate any deterioration.  The activities 
which could cause deterioration are set out in section 1.3 (Proposed Interventions). 

1. Identify all mitigation measures 

which do not have a significant adverse 

effect on use. 

2. Define MEP by estimating the 

biological values expected if all 

mitigation measures had been taken. 

4. GEP = the biological values 

achieved by taking the identified 

mitigation measures. 

3. Less those mitigation measures that, 

in combination, are only predicted to 

deliver slight ecological improvements. 
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1.3 Purpose of the Guidance 

The purpose of this guidance is two fold: 
 

·  First, to provide a practical manual for defining (assigning) MEP and GEP for 
navigable AWBs and HMWBs using the alternative approach (a practical 
approach based on mitigation measures); and 

·  Second, to enable the selection of cost-effective combinations of mitigation 
measures to achieve the objectives of WFD, either to achieve GEP or to 
support new modifications. 

 
This guidance is designed for application by competent authorities and inland navigation 
authorities in the United Kingdom and Republic of Ireland and will help towards 
implementing the WFD in a way that takes the needs of inland navigation authorities into 
account. The definition of MEP and GEP is the responsibility of the competent authority 
(see below) but the guidance is designed to enable all users to contribute to the 
definition of MEP and GEP, and subsequently select the most cost-effective 
combinations of mitigation measures in a practical but methodologically stringent 
manner. 
 
 
 

Competent Authorities 
The Competent Authorities in the respective countries have the responsibility to see that 
the requirements of the WFD for the achievement of the environmental objectives are 
fully implemented. MEP as defined by mitigation measures in the ‘alternative approach’ 
must therefore be agreed upon between the relevant Competent Authority and the 
navigation authority in question.  
 
Under WFD enabling legislation (e.g. The Water Environment (Water Framework 
Directive) (England and Wales) Regulations 2003) it is the Competent Authority who is 
primarily responsible for carrying out the process of classifying water bodies and 
identifying measures (i.e. for carrying out the process in this document), however, 
navigation authorities must be consulted and must respond to reasonable requests for 
information. 
 
Competent Authorities: 
 

·  Scotland - Scottish Environmental Protection Agency 
·  England - Environment Agency 
·  Northern Ireland  - Environment & Heritage Services 
·  Wales - Environment Agency 
·  Ireland -  Department of Environment, Heritage and Local Government 

 
This guidance does not provide instructions which must be followed to the letter, rather a 
methodology which interprets the requirements of the Directive and is informed by 
experiences in the preparation of programmes of mitigation measures to meet these 
requirements. 
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Existing interventions  
Management strategies and mitigation measures have been included in the guidance 
that address pressures which affect the hydromorphological quality elements (Section 
1.1) of existing channels.  The guidance therefore considers measures for: 
 

·  Maintenance and operation of existing water channels (including dredging, bank 
protection, water control, aquatic plant control, use by boats etc); and 

·  Maintenance of existing water structures and customer facilities (including 
bridges, locks, weirs, wharves, moorings and marinas). 

 
Many navigation authorities are already doing much to mitigate the impacts associated 
with these activities, and this guidance document will facilitate identifying the relevant 
subset of measures that can be applied to individual waterways to help achieve the 
desired objectives as set out in the WFD. 
 
Proposed interventions (new modifications) 
The management strategies and mitigation measures contained in the guidance provide 
options for mitigating adverse effects of new modifications through design and operation 
of : 
 

·  new waterway structures and customer facilities; 
·  new lengths of waterway; and  
·  restoration of abandoned waterways to navigable condition.  

 
The term ‘restoration’ in this sense must not be construed as indicating a return of the 
waterway to its natural state. Rather it implies a new state in which navigational 
components that have not operated in the channel before (or for some time) now have 
the potential to impact on the ecology and geomorphology of the channel. Furthermore, 
if the channel has remained out of use for sometime, it is likely to have undergone a 
certain level of naturalisation. ‘Restoration’ of the navigational components could 
therefore lead to a degradation of the waterway ecosystem. A ‘restoration’ programme 
therefore has to consider all the potential impacts of re-activating a navigation channel, 
which otherwise may be exhibiting a natural or semi-natural hydromorphological state 
and be providing a valuable habitat for a range of terrestrial and aquatic species.  
 
This guidance will facilitate identifying the best design options and operational practices 
to help reduce the impact on the waterway and retain as much ecological value as 
possible. 
 

1.4 Focus of Guidance 

The guidance is to be used with AWBs (i.e. canals) and HMWBs (i.e. heavily modified 
rivers), including tidal rivers where they are under the control of the same navigation 
authority as the non-tidal stretches and the management regime is similar.  
 
It considers the hydromorphological impact to waterways as a result of physical 
alterations of watercourses, including direct impacts resulting from boat movements, e.g. 
hard bank protection, dredging, locks, erosion from boat wash, etc.  It does not include 
impacts to waterway ecology as a result of water quality issues and/or the use and 
release of pollutants (point source pollution or diffuse pollution) resulting from the 
navigation sector or other sectors. 
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Mitigation measures are those measures taken to deal with historic or legacy alterations 
to the physical structure, and with their ongoing maintenance and operation.  New 
modifications will be required to ensure that there is no deterioration in the status of a 
water body from one class to another.  This includes undertaking work to replace 
structures (which may still be required for the use), where there is the opportunity to 
consider using a new solution which may have a reduced or positive impact on the water 
body.  These measures are separated from those measures which deal with the legacy 
and ongoing maintenance and operation, and determine what is required to meet GEP. 
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2 HOW TO USE THE GUIDANCE DOCUMENT 

2.1 Introduction 

The guidance document can be used to: 
 

·  Define (assign) MEP and GEP for a water body. 
·  Identify of cost-effective combinations of mitigation measures that seek to 

mitigate hydromorphological impacts resulting from existing and new navigation 
interventions. 

 
This document is also supported by information contained within Appendices A and B. 
 
The main part of the guidance consists of an easy to follow step-by-step approach to 
defining (and assigning) MEP and GEP, and selecting cost-effective combinations of 
mitigation measures.  As the reader progresses through the steps, information may be 
recorded within Mitigation Table 1 (for defining MEP and GEP) a copy of which is 
included within Section 4 (Tables). 
 
A number of tools can be used to assist the reader during the process, including detailed 
information sheets on pressures and impacts and mitigation measures (Appendices A 
and B), and a series of tables at the back of the guidance which contains useful 
summary information.  These will be referred to throughout.  Figure 2.1 represents a 
schematic overview of the guidance document and associated appendices. 
 

Pressure / impact
sheets

~~~~~~~~~~~~
~~~~~~~~~~~~

Pressure / impact
sheets

~~~~~~~~~~~~
~~~~~~~~~~~~

Water Framework
Directive

Water Framework
Directive

Summary information on
mitigation measures

Information on costs
of mitigation measures

Introduction
Sections 1 & 2

Step-by-step approach
Section 3

How to use the 
guidance

Defining MEP/GEP

Steps 1 - 4

Selecting cost effective
combinations of mitigation

measures

Steps 5 - 9

Tables
Section 4

Guidance document
Appendix document

Appendices A & B

Mitigation sheets

~~~~~~~~~~~~
~~~~~~~~~~~~

Mitigation sheets

~~~~~~~~~~~~
~~~~~~~~~~~~

 
Figure 2.1 Schematic illustration of the main components of the guidance 

 

The step-by-step approach is designed to be used in conjunction with a number of tables which are 
contained within the guidance document, and technical information sheets contained in Appendices A 
and B.  This information is to be used as a source of reference during the step-by-step process. 
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The technical information sheets (Appendices A and B) are divided into two types; 
Pressure and Impact sheets and Mitigation sheets.  The Pressure and Impact sheets 
provide information on each pressure (e.g. hard bank protection) and impact (e.g. loss of 
marginal habitat). They provide a clear definition of the pressure and provide detailed 
information on key hydromorphological and ecological impacts associated with the 
pressure. The Mitigation sheets provide detail on each of the mitigation measures 
including information on hydromorphological and ecological effectiveness of the 
measure.  Photographs and diagrams are used to illustrate points where appropriate, 
and a list of useful references is provided with each sheet where more information can 
be found. 
 
These sheets should be used for background information and to assist in the selection 
of appropriate mitigation measures, and will be a useful reference source at most steps 
during the process. 
 
Mitigation Table 2 (Section 4) provides a summary of effectiveness 
(hydromorphological and ecological) for each of the 22 generic measures (more detail 
on the effectiveness can be found in Appendix B); and a costings spreadsheet 
(Section 4) containing some generic financial information which can be used in the 
process for selecting cost-effective measures and combinations of measures. 
 
A number of other tools can be used to help assist the reader through each step, 
including a hypothetical worked example (Section 5), which provides a useful guide 
for the type and level of information required at the various steps and the decisions 
made, and a glossary of terms (Section 6). 
 
The step-by-step approach is explained in detail in Section 2.2. 
 
All the information in both the guidance document and appendices is important to 
assist in the selection of mitigation measures required for each site.  
Consequently, it is advised that users first familiarise themselves with the step-
by-step approach and the Pressure and Impact sheets in Appendix A and 
Mitigation sheets in Appendix B, and also refer to the hypothetical worked 
example in Section 5. 
 

2.2 Explaining the step by step methodology 

The guidance is intended to assist both: 
 

·  regulators and navigation operators in defining (and assigning) MEP and GEP 
for navigable waterways†; and 

 
·  navigation operators in identifying cost-effective combinations of mitigation 

measures that will (may‡) be required to deliver the objectives of the WFD (i.e. to 
achieve GEP). 

                                                   
† Navigable waterways include inlands waters that are used, or have been used for 
navigation. 
 
‡ If all mitigation measures that define GEP are already in place (as defined using the 
alternative approach), then the water body is considered to be achieving GEP 
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The first four steps in the process are for defining (and assigning) MEP and GEP for 
navigable water bodies.  The remaining five steps are for selecting cost-effective 
combinations of mitigation measures, with the last step providing a brief discussion on 
possible actions resulting from the step-by-step process and how the process can assist 
in the planning of objectives to achieve GEP and the implementation of a programme of 
measures within the River Basin Management planning process.  
 
The definition of MEP and GEP, and the selection of suitable combinations of cost 
effective measures is a complex process. The step by step methodology therefore aims 
to break it down into nine key steps which provide a logical, clearly understandable and 
transparent procedure (a detailed description of each step is provided in Section 3).  The 
nine steps of the selection process are presented in the flow chart below in Figure 2.2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2.  Nine step process for identifying the most cost effective combination of 
mitigation measures 
 
MEP is defined after Step 3 and GEP after Step 4. Reference material is required at each step; this is 

shown on the left hand side. To record the decisions (and hence provide an audit trail) a number of 
tables have been produced that require to be filled in before progressing to the next step; these are 
shown on the right hand side. If GEP has already been defined, the reader can proceed to step 5. 
 
The steps are designed to be used in conjunction with a series of tables. These tables 
are either used as a source of reference material (e.g. Mitigation Table 2, and the 
costings spreadsheet as described above), or are for the reader to systematically record 
the information collated and decisions and assumptions made, thus providing an audit 
trail (Mitigation Table 1) (a list of the tables used at each step is provided in Figure 2.2). 
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At each step in the process a small flow chart diagram is shown on the right hand side of 
the page (e.g.              ) for a quick reference to show you which step you are at in the 
process. 
 
 
 
In many of the steps there is likely to be the need for expert judgement, and information 
may be assembled from diverse sources and be of varying quality. The grounds for 
decisions thus need to be clearly stated and recorded using the audit tables; providing a 
clear decision trail for when assessments are revisited. Each audit trail table thus should 
be completed as the analysis progresses.  
 
Mitigation Table 1 (found in Section 4 in this document) forms the main audit table for 
the first 5 steps, i.e. defining MEP and GEP.  This table provides a complete list of 
mitigation measures from which a sub-set is taken forward at each step, ruling out 
measures that are inappropriate as the assessment progresses.  At each step a new 
column of the table is filled in, taking forward only those mitigation measures that are 
appropriate, as defined at each particular step (See Section 3 for a detailed description 
of each step). At the end of step 3, the list of mitigation measures defines MEP, and at 
the end of step 4, the list of measures defines GEP and at the end of step 5 (identifying 
those measures already in place) the user is left with a list of measures that remain to 
be implemented in order to achieve GEP. 
 
The audit process for selecting cost-effective combinations of measures, Steps 6 to 9, 
involves filling in a number of tables; examples of which are embedded within the text in 
at each step (a list of these tables is shown in Figure 2.2 under steps 6 to 9).  Each table 
should be filled in before moving to the next step in the process. 
 
As described above, a series of information sheets (pressures and impacts sheets and 
mitigation sheets) describing in detail the pressures, impacts and mitigation measures 
can be found in Appendices A and B. These information sheets provide a useful source 
of information for the reader at various steps in the process (Figure 2.2).  
 
To define MEP and GEP for navigable water bodies use steps 1 to 4. 
 
If GEP has already been defined in terms of mitigation measures required, the 
reader can proceed directly to Step 5. 
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Key Points 
 

·  The definition of MEP and GEP, and the selection of cost-effective combinations 
of mitigation measures is based on a good understanding of the driving force (in 
this case navigation), pressures (e.g. hard bank protection) and impacts (e.g. 
loss of marginal habitat). The focus of the step-by-step process is therefore on 
defining and understanding the pressures and impacts on the water body in 
question.  

 
·  The guidance is designed to be applied generically in all water bodies but it is 

vital to ensure that local knowledge and experience of navigation managers and 
operators is sought out and taken into account.  Following the step by step 
procedure will therefore ensure that the definition of MEP and GEP, and the 
selection of cost-effective combinations of mitigation measures, is based on site 
specific characteristics of individual sites. 

 
 

2.3 Linking with WFD 61 Canal Classification Tool  

WFD 61 ‘Canal Classification Tool’ is a tool for classifying the ecological potential of 
canals in the UK and Ireland. The tool is based on macroinvertebrates, macrophytes, 
and physico-chemical conditions, and is similar in approach to RIVPACS in that it is a 
technique for predicting the expected value of biological metrics in previously unknown 
sites, which can then be compared with observed values, obtaining an index of 
ecological quality.  The expected values are based on a ‘reference condition’ (i.e. best 
biology for a given level of boat use ~ Maximum Ecological Potential), hence the index 
of ecological quality provides a measure of distance from MEP. This approach enables 
the identification of the best biology for a given level of traffic, and hence may be 
suitable for assessing the effectiveness of mitigation measures, or the potential 
ecological gains that can be delivered. This approach focuses on the CIS approach as 
described in Section 1.2.4. 
 
WFD 61 is currently in development, with the first draft report of the first phase 
completed as of the date of publication of this guidance.  The development of the 
classification tool however is not without problems; it has been identified that 
classifications of the canals based on macroinvertebrates and macrophytes (and hence 
the ability to classify the ecological potential of canals) may not be achieved with 
confidence because of insufficient data to resolve uncertainty with sampling variability. 
Nevertheless, with further development and data the classification tool will represent a 
useful tool that could be used in conjunction with this guidance to inform management of 
ecological gains achieved by implementing mitigation measures, and help progress 
towards achieving GEP (Figure 2.3). Note, WFD 61 Canal Classification Tool is only 
relevant for canals (i.e. AWBs) and is not applicable for HMWBs. 
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Ecological value

Mitigation measures

Mitigation guidance 
document

Canal Classification
Tool – WFD 61

 
 
Figure 2.3.  Schematic diagram showing the potential relationship between the 
mitigation guidance document (this document) and WFD 61 Canal Classification Tool 
 
Note, the relationship is only relevant for canals as WFD 61 will not be appropriate for heavily modified 
rivers. 
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3 STEP BY STEP PROCESS 

3.1 Steps 1 to 4 (defining MEP and GEP)  

3.1.1 Introduction 

Using the ‘alternative approach’ Steps 1 to 4 are designed to define MEP and GEP for 
navigable water bodies. The approach is based on identifying a complete set of 
mitigation measures and at each step eliminating a sub set of measures based on 
certain criteria (Figure 3.1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1.  Summary of process for defining MEP and GEP 
  
Step 1 is used to gather information required to define mitigation measures. On the basis of information 
gathered in step 1, all possible mitigation measures are defined in step 2 (A-G). In step 3 measures are 
eliminated (crossed out) based on whether or not they affect use, leaving a sub-set of measures that 

define MEP. In step 4 all those measures which are predicted to have only slight ecological benefit are 
eliminated leaving a list of measures that defined GEP.  
 
 

Steps in the process 

A
B
C
D
E
F
G

Step 2 Step 4Step 3Step 1

MEP GEP = A, D, G

Gathering
information to 

define measures
in step 2

A
B
C
D
E
F
G

A
B
C
D
E
F
G

X

X

X
X

X
X

Step 2: Define a set of mitigation measures 

Step 3: Identify suite of measures that do not have an ‘adverse impact on use’ (MEP defined) 

Step 1: Define the characteristics of the navigation channel 

Step 4: Exclude measures that would only deliver slight ecological benefit (GEP defined) 
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3.1.2 Step 1 – Define the characteristics of the navigation channel  

The starting point for this stage is the initial characterisation of the navigable waterway, 
providing the foundations of an inventory for subsequent steps.  
 
The main objective of this step is therefore to define the water body type (i.e. canal or 
heavily modified river), water body reference number / site, size of water body, location / 
name, personnel undertaking the assessment, date of assessment, and to collate basic 
information on the characteristics of the navigation channel, as defined by the main 
pressures (e.g. hard bank protection).  All this information should be recorded in 
Mitigation Table 1 (Section 4). 
 
Water body Type (AWB or HMWB) 
It is important to determine whether your water body is an AWB (i.e. a canal) or a 
HMWB.  The application of certain mitigation measures depends on what type of water 
body it is.  For example, restoring historic aquatic habitats may not be appropriate for 
canals.  The selection of water body type therefore provides a simple test of applicability 
at Step 2 (i.e. immediately knocks out a suite of mitigation measures that are 
inappropriate).  The application of each mitigation measure with respect to the water 
body types is summarised in Mitigation Table 1 (with further information found in the 
Information sheets in Appendices A and B).  
 
Water body reference number / site 
It is important to record the water body reference number.  With specific reference to the 
WFD each water body should be assigned a reference number by the relevant 
regulatory agency and is used to define the water body, i.e. name, length of site, MEP & 
GEP (if already recorded).  Note, at the date of publication, most navigation water 
bodies (with the exception of Scottish canals) have not yet been assigned a water body 
reference number / site by the relevant agency. 
 
Size of water body 
It is important to determine the size of the water body i.e. length of navigable channel. 
This is necessary to help determine the relative proportions of elements, such as degree 
of hard bank protection. 
 
Location / name 
Give the location and name of the water body.  This will often be associated with the 
water body reference number assigned by the relevant agency.  
 
Personnel undertaking assessment 
The personnel undertaking the assessment should be recorded for future reference.  
This should include all personnel involved with discussions during the assessment 
process. 
 
Date 
Record the date when the assessment was undertaken. 
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Characteristics of the navigation channel (i.e. pressures) 
The identification of all possible mitigation measures that are applicable to the water 
body (undertaken in Step 2) is based on defining the pressures on the water body 
imposed by the navigation sector (i.e. GEP can only be achieved if the mitigation 
measures are coordinated with the pressures).  Pressures may include, inter alia: 
 

·  Hard bank protection; 
·  Locks and weirs; 
·  Sediment management activities; 
·  Vegetation control activities; 
·  Boat wash; and 
·  De-watering of the channel. 

 
A full list of the pressures to be considered is shown in Mitigation Table 1 (Section 4).  
Information, including a definition, description and photographs of each pressure, can be 
found in the Information Sheets (titled by pressure) in Appendix A.  Each pressure / sub-
pressure has a description of the hydromorphological impacts that are associated with 
that pressure.  Where a pressure has been identified, the associated impact must be 
considered.  As an aid to identifying whether an impact is present, the Pressure and 
Impact sheets contained in Appendix A should be consulted.  These sheets contain 
descriptions, illustrations and photographs and may be useful in helping to determine if a 
pressure is still on the water body. 
 
If the associated impact can be shown to be absent or not relevant to that particular 
water body, then there is no requirement to take those measures forward.  Whenever 
measures are ruled out the user must provide information to support that decision to 
ensure that the process remains transparent.  To ensure the process is completed to its 
fullest, several people may need to be consulted, including qualified ecologists, 
navigation managers and operators, and if necessary geomorphologists to help identify 
hydromorphological impacts. 
 
The presence of a pressure and associated impact should be recorded in Mitigation 
Table 1 with a tick in the relevant box in the column labelled ‘Step 1’.  This should be a 
relatively quick process as the presence of all structures and management activities 
undertaken along the length of channel, as defined by water body reference number, 
should be known. 
 
The identification of an initial set of mitigation measures at step 2 is therefore based on 
the presence of pressures and impacts on the system.  These pressures however may 
not necessarily be resulting in an impact, this is covered in a later step (Step 5), 
and ensures that the definition of MEP & GEP is in keeping with that set out in the 
WFD. 
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Key Points Step 1 
 

·  Determine the type of water body (i.e. AWB or HMWB). 
 
·  Determine the pressures on the water body (i.e. simply the presence of 

structures such as hard bank protection, locks etc, or management actions such 
as dredging or weed cutting etc). 

 
·  If the associated impacts can be clearly shown to be absent or not applicable to 

that water body those measures need not be taken forward. 
 

·  Use Mitigation Table 1 (Section 4) to record the presence of pressures and 
associated impacts. 
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3.1.3 Step 2 – Define a complete set of mitigation measures for the water body  

Based on the pressures identified in Step 1, the second step in the process is to define 
and take forward all mitigation measures that are applicable.  A simple screening is 
done at this stage to remove measures if they are not relevant to either a HMWB or 
AWB (either on known impact on use or a particular environmental characteristic). 
 
In general, the majority of measures can be applied to both water body types, however, 
there are a selection of measures, for example ‘Preserve and where possible restore 
historic aquatic habitats’ which are not considered applicable to canals.  As a guide, the 
potential applicability of each measure with respect to water body type is shown in 
Mitigation Table 1, although more information can be found in Appendix B.  As 
necessary, those measures which are deemed not appropriate for the water body type 
in question should be removed from the process and not brought forward for further 
consideration (this does not include issues related to use of the channel, this is covered 
in step 3). 
 
To record which mitigation measures are taken forward, the reference number for each 
measure should be recorded in the relevant column (i.e. ‘Step 2’) in Mitigation Table 1 
(e.g. Table 3.1). This column then forms the list of measures taken forward to Steps 3 
and 4, where MEP and GEP are defined.  
 
Table 3.1.  Example showing part of Mitigation Table 1 completed after Steps 1 and 2.  

Sub – 

pressure 

Impact Step 1 

Presence of structure 

or management 

action and 

associated impact 

(Tick) 

Mitigation Measures No. Relevance 

to Canal or 

Heavily 

Modified 

Water body  

Step 2 

 

Removal of hard bank 

reinforcement / revetment, 

or replacement with soft 

engineering solution 

1 Both (AWB 

new 

modification 

only) 

�  

Preserve and where 

possible enhance 

ecological value of 

marginal habitat, banks, 

and riparian zone 

2 Both �  

Hard Bank 

protection 

E.g. Steel 

piling, vertical 

walls. 

Includes hard 

bank 

protection in a 

state of 

disrepair.   

Loss of 

riparian zone 

/ marginal 

habitat 

 
�  

Preserve and where 

possible restore historic 

aquatic habitats 

3 HMWB only X 

The columns coloured blue are used to record decisions made. Mitigation measure 3 has been 

removed in this example as the site is a canal and restoration of historic aquatic habitats is not 
applicable. 
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Key Points Step 2 
 

·  Only consider the applicability of the measure with regard to water body type, 
i.e. AWB or HMWB. 

 
·  Do not consider the effectiveness of the measures, costs of the measures or 

socio-economic aspects, including effects on heritage and other uses at this 
step.  These aspects are addressed in later steps.  This is important to ensure 
the list of mitigation measures that define MEP and GEP are consistent with 
their definition under the WFD. 
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3.1.4 Step 3 – Identification of measures that do not have an ‘adverse impact on use’ (MEP)  

The aim of this step is to arrive at a set of mitigation measures that can be used to 
define MEP for a water body (i.e. MEP will be achieved if all mitigation measures are 
implemented).  The definition of MEP dictates that the list of measures is limited to those 
that would not have significant adverse effect on: 
 

·  the wider environment; or 
·  the use or uses of the channel that are dependant on the modified 

characteristics, i.e. design aspects of the channel and operational activities 
associated with navigation (in addition these aspects may serve a dual function 
related to flood risk management or drainage for example, which must also be 
considered). 

 
The third step in the process is therefore to assess the mitigation measures carried 
forward from step 2 (as recorded in Mitigation Table 1) based on these criteria, removing 
those that are deemed to have significant adverse effect on the wider environment or 
use(s) of the channel. The mitigation measures carried forward at this stage should then 
be recorded in Mitigation Table 1 under ‘Step 3’ (see Table 3.2 for an example).  MEP is 
then defined as the biological values expected if all remaining mitigation measures, i.e. 
those recorded in column ‘Step 3’ are implemented. 
 
A comments / justification column is available (within Mitigation Table 1) for the user to 
record decisions where measures have been excluded.  It may prove more practical to 
append supporting information where a brief explanation is not sufficient. 
 
 
Table 3.2.  Example showing part of Mitigation Table 1 and the auditing system 
(columns coloured blue are used to record decisions made).  

Impact Step 1 

Presence of 

structure or 

management action 

and associated 

impact (tick) 

Mitigation Measures No. Relevance 

to canal or 

Heavily 

Modified 

Water body  

Step 2 

 

Step 3 

Only consider 

effects on use 

& wider env. 

Removal of hard bank 

reinforcement / revetment, or 

replacement with soft 

engineering solution 

1 Both (AWB 

new 

modification 

only) 

�  X 

Preserve and where possible 

enhance ecological value of 

marginal habitat, banks, and 

riparian zone 

2 Both �  �  

Loss of 

riparian zone 

/ marginal 

habitat 

 

 

 

 

�  

Preserve and where possible 

restore historic aquatic habitats 

3 HMWB only �  �  

Mitigation measure 1 has not been taken forward at step 3 in this example, as the presence of hard 
bank protection defines property boundaries with limited space for any alternative; as such, removal is 
felt to directly impact upon use. 
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To assist in the assessment the following sections provide a detailed discussion of 
‘wider environment’ and ‘use(s)’ of the channel, giving examples where appropriate. 
 
What is meant by wider environment? 
For the purpose of this guidance document, three aspects are included in the term 
‘wider environment’:  
 

·  Heritage sites; 
·  Health & Safety; and 
·  Natural habitats (including protected species). 

 
These aspects are described in the text box below. (Note: guidance is being sought from 
UKTAG working group on the interpretation of ‘wider environment’). 
 

 
 

Heritage Sites 
Many waterways contain a diverse range of historic buildings and examples of civil 
engineering. For example, the British Waterways estate contains 130 Scheduled Ancient 
Monuments (SAMs) and 2,800 listed buildings and structures. These are important 
components of the waterway and wider environment, and the potential for adverse 
impacts to such features arising from the implementation of mitigation measures should 
be fully assessed. In the case of SAMs and listed buildings and structures, consultation 
with the relevant regulatory authority will need to be undertaken, and consents required. 
 
Most heritage sites represent important tourist/recreation features on waterways, which 
if impacted upon would reduce the recreational value of the waterway. Some of these 
sites are still in use today as part of the functioning navigation system. 
 
With regard to a heritage site and the potential impact resulting from a mitigation 
measure, three options are available: 
 

·  The impact of the mitigation measure on the heritage site is deemed significant 
(e.g. loss of SAM or a listed building or structure), and hence it should be 
removed from further consideration; 

·  No / minimal impact to heritage site, and the mitigation measure is retained; and  
·  The mitigation measure is retained, however conditions are put in place to 

ensure there the impact to the heritage site is minimal. 
 
Note, the reader should consider the direct impact to the structure as well as the impact 
to the character of the site. 
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Health and Safety 

Health and safety around navigable water bodies is a big issue. Over the last few years 
a number of incidents have occurred that highlight the dangers of working, and under 
taking leisure activities, in and around navigable water bodies. The application of 
mitigations in a particular area should therefore include an assessment of associated 
health and safety issues surrounding construction and operation / maintenance 
(including aspects such as pollution, dust, odour, noise, as well as physical safety). 
Under the majority of circumstances most mitigation measures can be implemented (i.e. 
constructed and operated) with appropriate health and safety measures in place. If 
however it is deemed that, after all appropriate health and safety options have been 
considered, the mitigation measure still possess a health and safety risk then it should 
be removed from further consideration. 

 
Existing Natural Habitats and Protected Species 

Biodiversity in waterways can be high and many waterway systems now have significant 
wildlife value, which includes aquatic as well as terrestrial. Indeed, the continued loss 
and degradation of many freshwater habitats has resulted in waterway systems now 
being an important refuge for a number of rare plants, animals and habitats, some of 
which are protected by national or international legislation.  
 
At a national level, Sites of Special Scientific Interest (SSSI) represent the best 
remaining sites for wildlife or geology.  A number of navigations are designated SSSIs, 
for their in-channel aquatic features; e.g. all or parts of the Ashby Canal, Basingstoke 
Canal, Chesterfield Canal, Coombe Hill Canal, Cromford Canal, Exe Estuary, Grantham 
Canal, Hollinwood Branch Canal, Huddersfield Narrow Canal, Grand Union Canal 
Leicester Line from Kilby to Foxton, Kinoulton Marsh and Canal, Leeds-Liverpool Canal, 
Leven Canal, Newport Canal, Pocklington Canal, and Prees Branch Canal. 
 
There are also a number of international-level designations which may affect waterways, 
such as Special Areas of Conservation (SACs), Special Protection Areas (SPAs) and 
RAMSAR sites. The Cannock Extension Canal, Montgomery Canal part and the 
Rochdale Canal part for example are all SACs for their populations of floating water-
plantain.  Floating water-plantain, and indeed white-clawed crayfish and other protected 
species such as otters, salmon and water vole, are present in a number of navigations. 
 
In some circumstances the implementation of a mitigation measure (i.e. construction 
and operation) may involve the disturbance of a protected species or habitat(s). 
Disturbance to protected aquatic species such as floating water-plantain, salmon, white-
clawed crayfish, etc. would be in direct contravention of the WFD (as all are WFD 
biological elements). There are however, a number of protected terrestrial or semi-
aquatic species and habitats, such as otters, water vole, riparian woodlands etc, that 
may be directly impacted by intervention measures, but which are not WFD biological 
elements. If this is suspected consideration of removing the mitigation measure at this 
stage should be undertaken.  
 
The mitigation measure should be; 
 

·  moved forward to step 4 for further consideration – if it is deemed that the level 
of disturbance can be removed, or reduced to an acceptable level; or 
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·  removed at this stage of the process – if the level of disturbance is 

unacceptable. 
 
As a general rule, when considering potential impacts to the wider natural environment 
resulting from intervention methods, to ensure compliance with WFD, the most stringent 
set of objectives should apply. For natural habitats and protected species this should 
include national and local biodiversity action plans, as well as national and international 
designated sites and protected species.  Clarification on specific site objectives should 
sought from the relevant competent authority. 
 
What is meant by use of channel? 
Under the WFD, bodies of water are designated as artificial or heavily modified when 
changes to the hydromorphological characteristics of that body necessary for achieving 
GES would have significant adverse effects on use (see Section 1).  
 
For the purposes of this guidance ‘use’ refers to all design aspects of the channel and 
operational activities associated with navigation, including port facilities, or recreation. 
This not only includes all aspects related to boat movements, for example width of 
channel, location of mooring sites next to locks, bank protection, towpath use, etc, but 
also includes structures and operational requirements related to flood defence and water 
regulation.  Many navigation channels for example provide assistance in the passage of 
water for flood alleviation and drainage.  Structures, such as hard bank protection, weirs 
etc, may therefore have dual navigation and flood defence purposes. 
 
Mitigation measures that may compromise the navigational, flood defence or water 
regulatory requirements of the channel, for example measures that may act to reduce 
the capacity of the channel to convey flood water, or reduce the level of flood defence, 
should be excluded at this stage of the process (Table 3.3 provides some examples). 
 
To properly assess the potential affect of mitigation measures on the use of the channel, 
information and knowledge is required about: 
 

·  The navigation channel and associated structures (including maintenance, 
operations and dimensions); 

·  Structures and characteristics of the channel required for flood defence and 
water regulation; and 

·  Information regarding the requirements of the mitigation measures (including 
construction and operation) and the potential effects on the hydromorphology 
(e.g. flow, shape and dimensions) of the channel. 

 
Much of this information is likely to be specific to the water body in question, and 
therefore it is essential to consult specialists who are familiar with the particular 
navigation system (including flood defence and water regulatory requirements as 
necessary) as well as those with knowledge and or experience in the implementation of 
the mitigation measures.  
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Identifying those measures that may affect ‘use’ must therefore involve open 
discussions, which may be undertaken in a variety of ways including expert opinion or 
‘round table’ workshops.  Such workshops should be combined with other steps in the 
process, such as step 4 (defining GEP), to ensure the necessary knowledge is retained 
and reduce the need for ‘back tracking’ at each step in the process.  To assist 
discussions information on the potential effects of the mitigation measures on navigation 
systems is also provided in the Mitigation Sheets in Appendix B. 
 
Where a number of sites share similar characteristics (i.e. share similar pressures) it 
may be possible to group them when undertaking the step-by-step process (i.e. reducing 
the time required to assess large numbers of sites).  However, such an approach must 
be justified and recorded. 
 
Table 3.3.  Example: The following ‘traffic light system’ provides a guide for the decision 
process for mitigation measures associated with Hard Bank Protection. 
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Red:  
·  Limited space for bank re-profiling (urban context, adjacent 

landowners, towpath width and strength needed for recreational 
use, etc); 

·  To prevent leakage in an artificial channel; 
·  Boat wash and / or water flow velocity, too high to control erosion 

rates by natural solution; 
·  Hard structure essential, e.g. for mooring, slipways, rowing steps, 

industry, etc.; 
·  Bank protection also serves another function, e.g. flood defence, 

water regulation, heritage feature. 
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Amber: 
·  Bank protection employed solely to mitigate bank erosion (i.e. does 

not serve a further structural role); 
·  Bank protection only serves a navigable function for one bank, e.g. 

moorings along one bank. 
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Green: 
·  Historic hard defence no longer serves navigable function, e.g. 

disappearance of associated industry, adjacent land use, waterway 
structure, etc (would still need to consider the heritage value and 
setting however). 

 
 

Maximum Ecological Potential (MEP) 
 

The list of measures identified in ‘Step 3’ of Mitigation Table 1 represent ecologically-
effective mitigation measures that are compatible with the existing water use of the 
channel, and hence do not have significant adverse affect on use.  MEP is defined as 
the biological values expected if all of these mitigation measures were employed. 
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Key Points Step 3 
 

·  This step must involve open discussions with navigation staff and the relevant 
Competent Authority.  

 
·  Of the mitigation measures identified at Step 2 only those that affect use and or 

the wider environment are removed at Step 3 (i.e. do not consider costs / socio-
economic costs / effectiveness at this stage).  This is to ensure that MEP is in 
keeping with the definition outlined in the ‘Alternative Approach’ and the WFD. 

 
·  All decisions (and reasons given) for removing mitigation measures at this stage 

should be clearly recorded. 
 
 



 
 
 
 
 
 
 

Measures for the Inland Navigation Sector  9S3923/R/303075/PBor 

Final Report - 27 - 8 October 2007 

 

3.1.5 Step 4 – Exclusion of measures which would only deliver a slight ecological benefit 
(GEP) 

GEP is defined as the ecological conditions expected when all mitigation measures at 
Step 3 are applied, with the exception of those that in combination would only deliver 
slight ecological improvements to the waterway.  GEP therefore represents a state in 
which the ecological potential of the channel is falling only slightly short of the 
maximum it could achieve without significant adverse effects on the wider environment. 
 
All mitigation measures brought forward in Step 3 (MEP) should be considered at this 
stage of the process. 
 
The measures proposed within Mitigation Table 1, have been reported to be effective 
(please refer to Appendix B).  However, environmental conditions will vary between 
sites, and the level of effectiveness may prove to be higher or lower than that reported 
based on applicability.  Therefore, it is the role of the user to demonstrate where 
measures identified at Step 3 (MEP) individually, or in combination, actually deliver only 
slight ecological benefit for the site or sites in question and may therefore be removed 
(i.e. it is the role of the user to demonstrate if measures are considered to be 
ineffective).  Appendix B contains supporting information for the hydromorphological and 
biological WFD elements, and Mitigation Table 2 provides a summary of the WFD 
hydromorphological and biological indicators that would be expected to benefit as a 
result of their implementation. 
 
A comments / justification column is available (within Mitigation Table 1) for the user to 
record decisions where measures have been excluded.  It may prove more practical to 
append supporting information where a brief explanation is not sufficient. 
 
Measures should therefore be assumed to be effective, unless: 
 

·  The measure is targeted towards an ecological element not present in the 
system, or not likely to be an issue; 

·  The physical/spatial extent of the pressure does not warrant mitigation§ (but any 
new work should consider enhancement; 

·  The pressure itself is considered to result in a positive ecological impact; and 
·  There is evidence to suggest that the measure may have feedback mechanisms 

which could result in a decrease in ecological quality. 
 
A discussion of these criteria is provided in the text box overleaf. 
 

                                                   
§ WFD49 (Rivers): A New Impact Assessment Tool to Support River Engineering Regulatory 
Decisions (SNIFFER, 2006) provides some guidance on assessing the extent of river 
engineering works/pressures relative to ecological impact. 
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While specific information on each WFD biological element (macrophytes, 
phytoplankton, benthic invertebrates and fish) is not necessarily required, ‘on-site’ 
ecological knowledge, such as the presence of migratory species, important habitats 
and species, general ecological condition etc, is required.  As much of this information is 
likely to be specific to the water body in question, it is essential to consult local 
specialists who are familiar with the navigation system, as well as those with knowledge 
and/or experience in the implementation of the mitigation measures and their potential 
effect on the biology of the system.  All discussions should therefore involve the relevant 
Competent Authority (See ‘Competent Authority’ text box in Section 1.3) and navigation 
operators and ecologists.  As discussed in Step 3, discussions may be undertaken in a 
variety of ways and should be combined with other steps in the process, i.e. step 3. 
 
Mitigation measures considered to only deliver slight ecological benefit based on the 
criteria above should not be taken forward, and should be marked with a cross in 
Mitigation Table 1 in column ‘Step 4’. 
 

 
Mitigation measure is targeted towards an ecological element 

not present in the system 
If a mitigation measure is targeted towards an ecological element not present in the 
system, or not regarded as an issue, then the measure is considered to only deliver 
slight, or no, ecological benefit and should be removed from further consideration, for 
example: 
 

·  If migratory fish are not present in the system, there may only be limited 
ecological benefit in the installation of a fish pass, or changes to the operational 
regime of the lock systems to enable fish passage.  The degree of ecological 
benefit may therefore depend on the presence of coarse fish species and the 
benefit gained in increasing access to other areas of the channel (e.g. habitat 
and spawning areas) in order to improve ecological continuity. 

 
·  If alien species are not present in the system, and are not known to occur in 

neighbouring catchments, with little concern about their introduction, then 
mitigation measures to mitigate their transfer, such as informative boards, 
educational leaflets, workshops etc, maybe regarded to deliver only slight 
ecological benefit. 

 
Pressure results in a positive ecological impact to the system 

If the pressure is regarded to result in a positive ecological impact to the system, then 
mitigating it should not be undertaken and the mitigation measures associated with the 
pressure should not be taken forward.  Examples may include: 
 

·  Old failing bank protection, which can provide a great variety of marginal and 
riparian habitats for aquatic and terrestrial flora and fauna. Note; if replacement 
is required, all mitigation measures associated with hard bank protection at step 
3 should still be carried forward at this stage. 
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·  Hard surfaces, such as wooden or stone surfaces, can provide a unique habitat 
for a variety of aquatic fauna, such as freshwater sponges. The value of such 
surfaces to the ecology of the system should be weighted up in terms of the 
impact (positive or negative) on whole water body. If it is regarded that they 
impart an overall positive impact to the system, then the mitigation measures 
associated with the hard surfaces should not be taken forward for further 
consideration. 

 
 
Table 3.4.  Example showing part of Mitigation Table 1 (columns coloured blue are used 
to record decisions made) 

Impact Mitigation Measures No. Relevance 

to canal or 

Heavily 

Modified 

Water body  

Step 2 

 

Step 3 

 

Only consider 

effects on use 

& wider env. 

Step 4 

GEP 

 

Removal of hard bank 

reinforcement / revetment, or 

replacement with soft engineering 

solution 

1 Both (AWB 

new 

modification 

only) 

�  X X 

Preserve and where possible 

enhance ecological value of 

marginal habitat, banks, and 

riparian zone 

2 Both �  �  �  

Loss of riparian 

zone / marginal 

habitat 

Preserve and where possible 

restore historic aquatic habitats 

3 HMWB only �  �  X 

At Step 4 mitigation measure 3 has been removed.  Within this site there are no historic aquatic 
habitats to restore, and as such there is no ecological benefit in attempting to do so.  The mitigation 
measures listed under ‘Step 4’ now represent the mitigation measures required to achieve GEP.  It 

may be that all these measures are already in place, in which case the water body has already 
achieved GEP. 
 
The measures carried forward at this step should all be recorded in Mitigation Table 1 
under ‘Step 4’.  This list of measures represents a target for waterway managers, i.e. if 
all the measures identified were fully implemented the water body is considered to be 
achieving GEP.  It may be the case, however, that all these measures are already in 
place, in which case the water body has achieved GEP (an assessment of mitigation 
measures already in place is undertaken in Step 5).  
 

 
Good Ecological Potential (GEP) 

 
The list of measures identified within column 4 of Mitigation Table 1 now represent, 
those mitigation measures that are compatible with the existing water use of the channel 
and wider environment.  GEP is defined as the ecological conditions expected when all 
these mitigation measures are employed. 
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Key Points Step 4 
 

·  All mitigation measures must be moved forward except those that are 
considered to only deliver slight ecological benefit (i.e. do not consider costs / 
socio-economic costs at this stage). This is to ensure that GEP is in keeping with 
the definition of the ‘Alternative Approach’ and the WFD. 

·  Consider the benefit to the whole water body, not just local benefit. 
·  Effectiveness of measures will depend on the specifics of the site. Determination 

of effectiveness must involve discussion between people with knowledge of the 
navigation system and ecology of the water body, and Competent Authority staff. 

·  Mitigation Table 2 provides a summary qualitative score for hydromorphology 
and biology. These scores should be used as a guide and point of initial 
discussion. Information on the effectiveness of each mitigation measure can be 
found in the Mitigation Sheets (Appendix B). 

·  All decisions made at this step should be clearly recorded. 
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3.2 Steps 5 to 9 (selecting cost-effective combinations of mitigation measures) 

3.2.1 Introduction 

Steps 5 to 9 are designed to identify whether GEP has been already met, and if not to 
identify cost-effective combinations of measures in order to achieve GEP. 
 
Steps in the process 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
If all mitigation measures defined in Step 4 are already in place, then GEP is already 
being achieved (refer to Figure 3.1a overleaf).  This analysis is undertaken in Step 5, 
and the reader does not have to progress any further through the guidance document if 
this is the case. 
 
If, however, more than one mitigation measure is required to be implemented in order to 
achieve GEP (Figure 3.1b) then the reader must progress through Steps 6 to 9. These 
steps are designed to establish the most cost-effective combinations of measures, to 
allow navigation managers to prioritise and establish implementation strategies to 
achieve GEP by 2015, or later.  Note, if 2015 is an unattainable target (i.e. if it is 
disproportionally expensive to implement all measures to achieve GEP by 2015) steps 6 
to 9 will provide navigation managers with an appropriate audit trail to establish a case 
for setting back the target of GEP to a later date, i.e. 2021 or 2027. 
 
Note, if only one measure requires to be implemented to achieve GEP (Figure 3.1c) 
then steps 6 to 9 are not necessary.  However, it is highly recommended that the reader 
still progress through the steps to gain an understanding of the effectiveness of the 
measure and costs, and establish actions required to take forward implementation and 
also to establish a case, if necessary, for an extended deadline or less stringent 
objective. 

Step 6: Effectiveness of mitigation measures 

Step 7: Estimate financial and socio-economic costs 

Step 5: Identify measures currently in place and those measures still required to achieve GEP 

Step 8: Identify most cost-effective combination of measures 

Step 9: Identify actions to be taken 
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A) 
 
 
 
 
 
 
 
 
 
 
 
B) 
 
 
 
 
 
 
 
 
 
 
 
C) 
 
 
 

 
 
 

 
 
 

 
 
Figure 3.1:   

A) All mitigation measures identified in Step 4 to achieve GEP are already implemented – GEP 
achieved.  
B) Mitigation measures A-G are required to achieve GEP. Mitigation measures B and F are already in 

place, leaving A, C, D, E and G to be implemented. Steps 6 to 9 should be used to identify the cost-
effective combinations of A, C, D, E and G, and if required prioritise implementation.  
C) Only C requires to be implemented in order to achieve GEP. The reader should still progress 

through steps 6 to 9 to gain an understanding the effectiveness and costs of the mitigation measure, 
and establish actions required to take forward implementation.  
 

Mitigation measures 
required to achieve GEP

A
B
C
D
E
F
G

Mitigation measures 
already in place

B

F

Mitigation measures 
required to be implemented

A

C
D
E

G

Steps 1 - 4 Steps 5 - 9

Step 5 Steps 6 - 9

Mitigation measures 
required to achieve GEP

A
B
C
D
E
F
G

Mitigation measures 
already in place

Mitigation measures 
required to be implemented

Steps 1 - 4 Steps 5 - 9

Step 5 Steps 6 - 9

A
B
C
D
E
F
G

All mitigation measures are
already implemented

GEP achieved

Mitigation measures 
required to achieve GEP

A
B
C
D
E
F
G

Mitigation measures 
already in place

Mitigation measures 
required to be implemented

Steps 1 - 4 Steps 5 - 9

Step 5 Steps 6 - 9

A
B

D
E
F
G

C
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3.2.2 Step 5 – Identification of mitigation measures in place and what measures still required 

to be implemented to achieve GEP 

The objective of this step is to determine the mitigation measures already in place, and 
what remaining measures are required to be implemented to achieve GEP for the water 
body.  Step 5 is recorded with Mitigation Table 1. 
 
Where measures are felt to already be fully implemented this should be indicated within 
the comments / justification column of Mitigation Table 1, and any supporting information 
appended where necessary.  It may also be the case, however, that an impact is 
considered to still be present even where measures have been implemented.  This may 
highlight opportunities for review of operational procedures, areas for repair or new 
technologies and methodologies as outlined in the Mitigation sheets in Appendix B. 
 
To ensure Step 5 is completed to its fullest, several people may need to be consulted, 
including qualified ecologists, navigation managers and operators, and if necessary 
geomorphologists to help identify whether hydromorphological impacts are still present.  
Field visits may be necessary, and reports and surveys may require a review in order to 
confirm the status and condition of particular reaches / areas of the channel. 
 
Table 3.5.  Mitigation Table 1 (Step 5) Pressures, impacts and mitigation measures 
identified on navigation system.  The last column allows the user to provide supporting 
information where decisions have been made. 
 

Impact Mitigation Measures No. Step 4 

GEP 

 

Step 5 

Exclude 

measures 

that are 

already being 

implemented 

Comments / justification 

Whenever measures are ruled 

out the user should provide a 

clear explanation for this 

decision and/or append 

supporting information 

Direct loss of / 

impact to aquatic 

habitats / 

hydromorphology 

Transfer of fine 

sediment 

downstream 

Bankside erosion 

and impacts to 

riparian habitats 

Sediment management 

strategies (develop and revise) 

13  
 
 

�  

 
 
 
 
 

X 

� �� � � �� � � 	 �

 � � � � � � � � 	 �
� 	 
 � 	 � � � ��� �� �
 � � � � �
�� �� �� � � �

At Step 5 mitigation measure 13 has been removed.  The Navigation Authority already has a sediment 
management strategy in place for all their operations.  The mitigation measures now listed under ‘Step 
5’ now represent the outstanding mitigation measures required to achieve GEP. 
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Key Points Step 5 
 

·  Identify mitigation measures already in place and those required to achieve 
GEP. 

 
·  If all mitigation measures identified in Column ‘Step 4’ of Mitigation Table 1 are 

currently in place, then GEP is being achieved and there is no need to 
progress further. 

 
·  The desired result of this stage is a clear understanding of the remaining 

impacts on the water system (i.e. understanding the extent to which any 
mitigation measures have been implemented), and to identify those measures 
that are still required to be implemented in order to achieve GEP. 
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3.2.3 Step 6 - Effectiveness of mitigation measures  

Once the list of mitigation measures required to deliver GEP for the water body have 
been identified, the next step is to assess their effectiveness (note, it is a requirement for 
all mitigation measures listed in Step 4 to be implemented in order to achieve GEP).  If 
two or more measures are required to be implemented, the following steps will provide a 
mechanism to select cost-effective combinations that will help to prioritise 
implementation.  If only one measure requires to be implemented, the reader need not 
progress through steps 6 to 9, although it is highly recommended, as the steps will 
provide a route to understanding the effectiveness of the measure, timescales for 
implementation, costs, and provide a mechanism to identify future actions (See Figure 
3.1). 
 
The effectiveness of a measure is broken into three parts: 
 

·  Hydromorphological / biological effectiveness (refer to Appendix B for 
information on the effectiveness of measures);  

 
·  Timescales for which effectiveness will be observed (period for improvement); 

and 
 

·  Duration of effectiveness. 
 
Hydromorphological / biological effectiveness 
A broad screening of hydromorphological / biological effectiveness was undertaken in 
Step 4; however, more detailed information is contained within Appendix B and 
summarised in Mitigation Table 2.  Hydromorphological and biological effectiveness will 
vary depending upon site by site specific circumstances.  In order to provide a 
consistent guide on effectiveness, each of the 22 measures have been assessed for the 
hydromorphological and biological WFD indicators that would be expected to benefit.  
Without specific understanding of each site, any generic quantitative scoring of 
measures may otherwise be misleading.  WFD indicators are as follows: 
 
Hydromorphological indicators: 

·  Hydrological regime; 
·  River continuity; and 
·  Morphological conditions. 
 

Biological indicators: 
·  Phytoplankton; 
·  Macrophytes; 
·  Benthic invertebrates; and 
·  Fish. 

 
The hydromorphological effectiveness information, presented in Mitigation Table 2, 
should be used at this step (an example of how this information could be recorded is 
shown in Table 3.8). 
 
It should be noted that new information or technologies may improve our understanding 
of the effectiveness of measures, and where appropriate new information should be 
considered alongside that presented in Appendix B. 
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Timescale for effect to be realised (period for improvement) 
It is important to consider the timescales involved, as the WFD stipulates that all water 
bodies must achieve GEP by 2015, unless it is disproportionately expensive or 
technically unfeasible to do so, in which case GEP can be achieved at a later date (2021 
or 2027) and/or a less stringent objective can be set.  The timescale is then used as a 
further way to rank the measures (this is undertaken in Step 8).  
 
The timescale for the effect to be realised (period for improvement) depends on the year 
of implementation (it may not be feasible or practicable to implement the measure in the 
near future, note this does not include costs as a reason, this is covered in the next 
step) as well as the measure itself: i.e. the measure may deliver direct results, or these 
results may be observed gradually over time.  For example, the benefits of a fish pass 
may be seen within one year, whereas the full benefits of planting trees and shrubs 
within a riparian zone may not be realised for a decade.  However, it may not be 
possible to install the fish pass for 4 years, in which case the period for improvement 
(time over which full effectiveness is observed) is 5 years. 
 
The criteria for evaluating and scoring the period for improvement are shown in Table 
3.6.  The scores should be recorded for both hydromorphology and biology, an example 
of how this may be recorded is presented in Table 3.8. 
 
Information about each mitigation measure can be found in Appendix B.  Note, in some 
instances information may be limited to allowing the period for improvement to be 
scored with confidence, in which case the expected period for full effect will be unknown 
and should be recorded as such. 
 
Table 3.6.  Criteria for evaluating the period of improvement (full effect) of single 
measures 

Expected period for realisation full effect  Representation 

Before 2015 +++ 

Between 2015 and 2021 ++ 

Between 2021 and 2027 + 

After 2027 - 

Unknown ? 

 
Duration of effectiveness 
According to the WFD, all water bodies must achieve GEP within a certain time period 
and with no deterioration.  It is important therefore to understand the duration of 
effectiveness of the mitigation measures, as some may produce effects that last many 
years / decades, whereas others may only produce very temporary effects.  
 
The duration of effectiveness (life time of mitigation measure) is a component of costing, 
which is covered in the next step.  A measure that produces a long lasting effect 
nevertheless is more beneficial to the waterway than one that produces only a very 
temporary effect, especially given that some biological elements may take a long time to 
respond.  The criteria for evaluating and scoring the duration of effectiveness are shown 
in Table 3.7.  The scores should be recorded alongside the other measures of 
effectiveness (refer to an example shown in Table 3.8). 
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Table 3.7 Criteria for evaluating the duration of effectiveness (full effect) of single 
measures. The duration is expressed in terms of River Basin Management Planning 
cycles. 

Duration of full effect  Representation 

Greater than 2 planning cycles (>  12 yrs) +++ 

Between 1 and 2 planning cycles (6-12 yrs) ++ 

Less than 1 planning cycle (< 6 yrs) + 

Unknown ? 

 
Each element of effectiveness should be recorded (Table 3.8 provides an example of 
the information to be recorded).  This information will be used in Step 8 to rank the 
combinations of measures.  The first two columns can be obtained from Mitigation Table 
1, and the effectiveness information can be obtained from Mitigation Table 2 (using 
hydromorphological effectiveness only).  The remaining three columns are used to 
express the period during which improvement is expected, i.e. the time when the 
effectiveness of the measure is expected to be fully observed, and the duration of 
effectiveness.  The period for improvement has been broken up into hydromorphological 
and biological components, as it is likely that improvements in these two components 
will be observed at different times. Indeed, under most circumstances biological 
improvement will lag behind hydromorphological improvement. 
 
Table 3.8.  Mitigation measures, effectiveness (provided within Appendix B and 
summarised within Mitigation Table 2), period for improvement, and duration (tables are 
shown to provide an example of the information that should be recorded at each step). 

Mitigation Measure Hydromorphological effectiveness Period for 
improvement 

Duration 

No Description Hydrological 

regime 

River 

Continuity 

Morphological 

conditions 

Hydro-

morphology 

Biology  

1 Soft engineering 

solution 

X �  �  +++ ++ +++ 

2 Preserve / enhance 

ecological value of 

banks 

X X �  +++ +++ +++ 

 
 

Key Points Step 6 
 

·  Information from Table 3.8 will be used in Step 8 to help rank combinations 
of measures. 

 
·  Determination of effectiveness should involve discussion between people 

with knowledge of the navigation system, implementation of mitigation 
measures and ecology of the waterway. 

 
 



 
 
 
 
 
 
 

Measures for the Inland Navigation Sector  9S3923/R/303075/PBor 

Final Report - 38 - 8 October 2007 

 

3.2.4 Step 7 – Estimating financial and socio-economic costs 

Financial cost 
At this stage there should now be a short list of measures that are each effective in 
terms of the hydromorphological parameters considered and have benefits to the 
biology.  To make a cost-effective choice the financial and socio-economic costs and 
benefits of these mitigation measures must be considered. 
 
Considering the financial costs of a mitigation measure must include the capital costs 
and the operational costs over the lifetime of the mitigation measure to arrive at an 
overall present value (PV) cost of a measure. 
 
Capital costs should ideally be determined from specific quotations for the site.  If these 
are not available for assessment purposes, evidence should be gathered from a 
combination of sources, namely the unit costs provided in the costing table (Section 4), 
and costs reported by other managers for installation of similar measures.  These should 
be appropriately amended to reflect the scale and requirements of the site in question. 
 
Operational costs should be based on an estimate of resource requirements for 
maintenance of the measure in good working order: equipment, plant hire costs, 
consumables, wage rates etc.  The operational costs must consider the frequency of 
maintenance operations over the lifetime of the measure.  An estimate of the life time of 
each measure is provided in the Cost Table (Section 4), although again, evidence of 
maintenance costs and appropriate lifetime should be gathered from a combination of 
sources, including other managers that have installed similar measures. 
 
The result will be an estimated financial cost in present value terms over the full lifetime 
of the measure.  To allow the costs of different measures to be assessed and compared 
the present value (PV) of the investment should be annualised. 
 

 
Present Value 

 
Calculating present value requires the aggregation of all future costs and benefits into a 
single figure.  The value of a cost or benefit is dependent on how far into the future it is; 
£1 today is of more value than £1 in a year’s time.  To aggregate cost and benefits that 
occur at different time values have to be normalised using a method called discounting.  
This converts all costs and benefits into what that future flow is worth today.  The 
discount rate which has been used is a standard rate for UK projects and is set out in 
HM Treasury’s “Green Book”.  Calculating a present value through discounting converts 
a flow of costs and benefits over time into a single stock value in the present.  Present 
values are comparable with each other and can be used as part of Cost Benefit Analysis 
to show the net value of a project. 
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Annualised Cost 
 

The process of annualising a value can be seen as the opposite of calculating a present 
value.  It converts a stock value in the present (typically large capital investment during 
construction) into a number of equal annual payments over the lifetime of the project.  
They are increased using the standard discount rate because paying a given amount in 
the future is preferable to paying it now.  Should these instalments be discounted into a 
present value this will equal the initial stock value.  Annualised costs show how much a 
project cost per year of operation.  Annualised costs are only comparable between 
projects with the same lifespan. 
 
 
Table 3.9.  Financial costs of potential mitigation measures (tables are shown to provide 
an example of the information that should be recorded at each step). 

Mitigation measure Capital cost Operational cost Total 

financial 

cost 

Total financial 

cost 

Nr. Description Unit 

cost 

quantity Unit 

cost 

frequency PV for 

lifespan 

Annualised  

� � � � � �� � � �� � 
 � �
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 �� � �

� � �� 	 �� � �
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	 � �
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 � � �� � � 
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��� � � � � � "�

        

 
 
Socio- economic costs 
In addition to the financial cost incurred as a direct result of installation or 
implementation of a mitigation measure, there is the potential for socio-economic costs 
to impact on a measures full economic cost.  These costs for instance may relate to: 
 

·  restrictions causing lost tourism revenue (e.g. boat hire); 
·  production losses by land users (farmers); 
·  reduced access and therefore reduced amenity value; and 
·  reduced aesthetic value and corresponding reduction in amenity value. 

 
These impacts may be positive as well as negative; some structures may enhance 
amenity value, facilitate access or even prove to be an attraction for recreational users, 
such as installation of macrophyte beds which encourage the return of wildlife.  When 
managed correctly and with adequate preparation, an increase in recreational use will 
be a positive development (although negative consequences are possible such as 
health and safety concerns, congestion at pinch points and increased maintenance if 
inappropriately managed). 
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Quantification of the socio-economic costs of a mitigation measure is not expected 
during this process, and indeed is unlikely to be possible unless existing surveys are 
available that would inform any assessment. Expert judgement by managers and 
consultation to gather local knowledge is therefore required to inform an appropriate 
assessment.  An example ofhow this information should be recorded is shown in Table 
3.10 below.  The assessment should take into account all interest groups and users of 
the waterway, such as anglers, walkers, cyclists, leisure boat cruisers, canoeists, 
rowers, birdwatchers etc. It should also consider non-tangible benefits not directly 
associated with the waterway, such as general community benefits (e.g. appreciation of 
wider countryside, education, youth group activities, green corridor through urban zones, 
etc.). 
 
Table 3.10.  Socio-economic costs of potential mitigation measures (tables are shown to 
provide an example of the information that should be recorded at each step). 

Mitigation measure 

Nr. Description 

Socio-economic 
negative  impacts 

Socio-economic 
positive impacts 

Overall 
Assessment 
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Assessment 

strong positive benefit +++ 

moderate positive benefit ++ 

limited positive benefit + 

no effect ~ 

Negative effect -ve 

 
 
The goal of this step is to arrive at an estimate of the financial and socio-economic costs 
of each measure. 
 
 

 
Key Points Step 7 

 
·  Financial costs include capital and operational costs (see costs table for a 

guide, Section 5).  These costs should be standardised to allow comparison. 
 
·  Socio-economic costs can be positive as well as negative and should be 

considered. 
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3.2.5 Step 8 – Most cost-effective combination of measures 

After the assessment of the effectiveness of each of the potential mitigation measures 
(Step 6) and the financial and socio-economic costs (Step 7), various combinations of 
measures should then be considered in order to ensure that the most cost effective 
combination that contributes to WFD objectives is taken forward. In arriving at a final 
combination several factors need to be considered: 
 

·  The combination should deliver ecological benefit (Step 6).  It is important to 
recognise that the objectives of WFD are to achieve MEP or GEP, i.e. Maximum 
Ecological Potential or Good Ecological Potential; 

·  It should be the most cost effective combination (Step 7); and  
·  Interactions between measures should be considered.  Individual measures can 

strengthen or weaken the effects of other measures (See text box below). 
 
During this step various combinations of measures should be considered and ranked 
according to the factors described above.  An example of how this may be presented is 
shown in Table 3.11.  The table should be populated after discussion using information 
from steps 6 and 7, and shows that the ranking of sets of measures is based on the 
effectiveness of the measures, determination of timescale, the financial and socio-
economic costs, and potential interactions between the measures. 
 
The process is sub-divided into three sub-steps: 
 

-  8a: Considering various combinations;  
-  8b: Considering interactions between measures; and 
-  8c: Ranking the combinations. 

 
 
8a: Considering various combinations 
The selection of the various combinations should initially be guided by the impacts on 
the system, as characterised in Step 5. Combinations of measures may seek to mitigate 
several impacts, or focus on one impact that is viewed as a priority. This decision should 
be discussed early on in this step to help focus a discussion of the potential of 
combinations and allow a full assessment of potential interactions between measures, 
which represents the next sub-step. 
 
8b: Considering interactions between measures 
Before ranking each set of combinations the interactions between the measures need to 
be considered for effectiveness, financial costs and socio-economic costs. 
 
As an assessment of interactions between measures (in particular that of effectiveness) 
is difficult to quantify, and is also likely to be case-specific, a discussion of potential 
interactions must involve people who are familiar with the navigation system, 
including all the stakeholders, as well as freshwater ecologists and 
geomorphologists.  The outcome of this sub-step is a clear understanding of how the 
measures may interact with each other. 
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Accounting for potential interactions, the effectiveness (step 6), expected period for 
realisation of full effect (step 6), duration (step 6), net present value (step 7) and socio-
economic impacts (step 7) of the combinations of measures should be scored using the 
same representations as in the respective steps (6 and 7).  Information and the scoring 
of individual measures from Steps 6 and 7 should be used during this process.  If a 
quantitative estimate for net present value, accounting for possible cost savings through 
economies of scale and or altered effectiveness, can not be arrived at, a simple 
qualitative estimate should be used (e.g. High, Medium, Low)..  An example of how this 
information may be recorded is shown in Table 3.11. 
 
A brief discussion of potential interactions between measures is provided in the following 
text box. 
 

 
Potential interactions between measures 

 
Effectiveness 
Some mitigation measures if applied together may result in an overall reduced 
effectiveness.  In many cases this may be obvious, for example undertaking sediment 
replenishment downstream of a weir where dredging is to be reduced. In other cases the 
interaction may not be as intuitive, such as attempting to reduce the need to dredge in 
an area where the planting of macrophytes has been proposed, which can promote the 
deposition of sediment and act to increase the need to dredge. 
 
To establish whether two or more measures may interact to reduce effectiveness 
requires a sound understanding of the mitigation measures and their effects on the 
hydromorphology and biology of the system at the site specific level.  Some information 
is provided in the guidance sheets which will be helpful; however, discussions between 
specialists will be required. 
 
In other cases mitigation measures may act to increase the overall effectiveness in 
alleviating negative impacts of hydromorphological alterations when combined.  For 
example, replacement of hard defence with soft engineering solutions may be more 
effective if also combined with measures to reduce erosion from boat wash, e.g. speed 
restrictions, limiting annual boat movements or modifying the design of hulls.  
 
Increasing the overall effectiveness by combining certain measures may also permit 
cost savings.  This is described below.  
 
Combinations of measures likely to result in interactions: 

·  sediment and in-stream habitat creation; 
·  various sediment options; 
·  sediment and flow;  
·  bank protection and boat wash; and 
·  transfer and removal of alien invasive species. 

 
Financial costs 
Measures may interact with each other to affect the financial costs in three ways: 

·  alter capital costs; 
·  alter operational costs; and 
·  alter effectiveness resulting in a change in the capital or operational costs. 
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Capital and operational costs: 
Opportunities for cost savings may exist through economies of scale, such as plant hire, 
acquisition of resources and disposal of wastes. Opportunities should be explored for 
each combination considered.  
 
Altered effectiveness: 
There may be opportunities to reduce capital and or operational costs if the overall 
effectiveness of the combination of measures is greater than if they were applied 
individually. For example, introducing speed limits, modifying the design of hulls or 
limiting boat traffic, may help to mitigate river bank erosion and reduce the need for 
(further) mitigation measures. 
 
8c: Ranking Combinations of measures 
The outcome of this step is a ranking of each of the options to determine the most 
suitable combination of measures. The ranking should be based on all elements in the 
table.  One important criterion, however, will be that the financial costs and negative 
social/economic effects are as low as possible; whilst the environmental benefits 
(effectiveness) are as high as possible (the text box below provides a brief discussion on 
weighing up environmental benefits and financial and socio-economic costs).  It should 
be noted that this ranking is based on the judgement of those making the 
decision.  However, following the steps in the guidance document ensures that the 
decision-making moves towards making sound transparent decisions, and leads to 
outcomes that are technically viable. 
 
If it is viewed that the financial or socio-economic costs are excessive in relation to the 
hydromorphological and biological effectiveness, navigation managers may use the 
result of step 7 as an argument to request an extended deadline or a less stringent 
objective for the water body.  It is likely that in some situations the costs of implementing 
one or more of the mitigation measures required to fulfil the requirements of the WFD 
may be disproportionate to the ecological benefits they would bring.  In this instance the 
process outlined in this guidance will form the basis for consideration by the competent 
authority of an extended deadline and/or less stringent objective. 
 
Table 3.11.  Selecting the most cost-effective combination of measures (tables are 
shown to provide an example of the information that should be recorded at each step). 
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C1 2, 12 X X �  +++ +++ £1,750k ~  2 

C2 1, 12 X �  �  +++ +++ £981k ~  1 
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Weighing up environmental benefits and financial and socio- economic costs 
 
Cost-effectiveness analysis (combination Step 7 and 8), provides a method for 
evaluating how environmental benefits (and aims of the WFD) can be reached against 
the lowest possible financial costs and most favourable social/economic effects.  It does 
not indicate, however, if the expected benefits justify the costs. 
 
In a cost-benefit analysis however, the benefits of an action are compared to its costs 
to determine the most cost effective approach, or whether the action is worth 
undertaking.  A cost-benefit analysis is used to compare alternative options, and 
requires that environmental benefits can be identified and translated into monetary 
values.  In most cases, a traditional cost-benefit analysis may not be feasible or 
desirable, as it may not be possible to make monetary estimates of benefits.  For 
example, there might be substantial uncertainty about the benefits provided, either now 
or in the future, or it might be difficult to determine appropriate values in monetary terms.  
Note, a cost-benefit analysis is not included as part of this guidance document, 
although separate guidance for this is being developed by Defra. 
 
A qualitative cost-effectiveness analysis, as described within this guidance document, 
is considered to be an appropriate approach for comparing various combinations. 
 
 
 

 
Key Points Step 8 

 
·  Consideration of various combinations of mitigation measures should be 

guided by impacts (e.g. priority impacts, need to address multiple impacts). 
 
·  Interactions between measures can be complex, and can affect overall 

effectiveness and financial costs.  Consideration of interactions must involve 
discussion between people familiar with the navigation system and 
mitigation measures, including ecologists. 

 
·  The financial costs and negative social/economic effects should be as low as 

possible; whilst the environmental benefits (effectiveness) as high as 
possible. 
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3.2.6 Step 9 – Identification of actions to be taken 

The final step in the process is to determine which actions should be taken in order to 
ensure compliance with the provisions of the WFD.  This could involve the following: 
 

·  Initiating implementation of a mitigation (or set of mitigation) measures (this may 
include determination of licences and consent to be granted by the relevant 
agency and conditions to be included in any licences); 

 
·  Further monitoring or survey work (as identified from step 5) to determine the 

extent and nature of impacts; 
 

·  Further discussion with regulatory authority, or other staff; 
 

·  Agreed timescale for the implementation of the mitigation measures, taking into 
account the River Basin Management Planning process.  For the purposes of 
the River Basin Planning, water managers will need to identify which mitigation 
measures still need to be implemented to achieve GEP, even if it is technically 
infeasible or disproportionately expensive to implement these measures within 
the timescale of the first river basin management planning cycle.  It may be that 
measures will need to be phased over two or mores planning cycles.  An agreed 
timescale for implementation should then be established to ensure that the most 
cost-effective measures are implemented first; and 

 
·  Planning of objectives to achieve GEP.  The step-by-step process in this 

guidance will assist in the planning of objectives to achieve GEP (or a less 
stringent objective than GEP) for the HMWBs and AWBs. 
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4 MITIGATION AND COST TABLES 
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Mitigation Table 1 
Type of water body (Canal, i.e. AWB, or River / lake / loch, i.e. HMWB):     Location / Name:       
Water body reference number / site:         Size of Water Body: 
Date: 
Personnel undertaking assessment:  

Step 1 Step 3 Step 4 Step 5 Comments / Justifications

GEP

Presence of 
structure or 
management 
action and 
corresponding 

impact (���� )

Relevant to Heavily 
Modified Water 
Body (HMWB) or 
Artificial Water 
Body (AWB)

Tick those 
mitigation 
measures that 
are retained

Exclude 
measures that 
have a significant 
impact on the 
use of the water 
body and wider 
environment. 

Exclude 
measures that 
individually, or in-
combination, 
only deliver slight 
ecological benefit 
(where expert 
knowledge 
permits)

Identify those 
measures from 
Step 4 that have 
yet to be 
implemented or 
are not yet 
mitigating the 
identifed impact

Whenever measures are ruled out the user should provide a clear explanation for this decision and/or append supporting 
information

1 Removal of hard bank reinforcement / revetment, or replacement with 
soft engineering solution

Legacy/ongoing activities and new modifications Both (AWB new 
modification only)

2 Preserve and where possible enhance ecological value of marginal 
aquatic habitat, banks and riparian zone

Legacy/ongoing activities and new modifications Both

3 Preserve and, where possible, restore historic aquatic habitats Legacy/ongoing activities and new modifications HMWB  

4 Careful planning of mooring facilities and hire bases to avoid sensitive 
sites

New modification only Both

5 Limit number of mooring permits available New modification only Both

6 Design moorings for ecological benefit New modification only Both

Hard bank protection refer to Sub pressure ©Hard bank protection© for mitigation See 1-3 See 1-3

7 Operational and structural changes to locks and weirs Legacy/ongoing activities and new modifications HMWB

8 Install fish passes Legacy/ongoing activities and new modifications HMWB

Hard bank protection refer to Sub pressure ©Hard bank protection© for mitigation See 1-3 See 1-3

refer to Mitigation Measure ©Operational and structural changes to 
locks and weirs©

See 7 See 7

refer to Sub pressure ©Dredging© for mitigation See 13 See 1-3

Invasive species transfer 9 Awareness raising / information boards (invasive species) Legacy/ongoing activities and new modifications Both

10 Awareness raising / information boards (boat wash / sources of fine 
sediment)

Legacy/ongoing activities and new modifications Both

refer to Mitigation Measure ©Develop a sediment management 
strategy© 

See 13 Both

Hard bank protection refer to Sub pressure ©Hard bank protection© for mitigation See 1-3 See 1-3

Physical disturbance associated with moored 
vessels

refer to Sub pressure ‘On-line moorings© for mitigation See 4-6 See 4-6

11 Retain marginal aquatic habitats New modifications HMWB

12 Increase in-channel morphological diversity Legacy/ongoing activities and new modifications HMWB

Direct loss of / impact to aquatic habitats / 
hydromorphology

Transfer of fine sediment downstream

Bankside erosion and impacts to riparian 
habitats

Source of fine sediment (disposal of dredgings 
on banks)

De-watering (for maintenance of 
navigable channel)

Loss / impact to aquatic flora and fauna 14 Phased de-watering and other techniques Legacy/ongoing activities and new modifications Both

15 Selective vegetation control regime Legacy/ongoing activities Both

16 Appropriate vegetation control technique Legacy/ongoing activities Both

17 Appropriate timing Legacy/ongoing activities Both

Both

19 Encourage reduction of boat wash impacts through traffic 
management in sensitive areas

Legacy/ongoing activities Both

refer to Mitigation Measure ©awareness raising / information boards 
(boat wash / sources of fine sediment) for mitigation©

See 10 See 10

20 Encourage use of environmentally friendly vessel design Legacy/ongoing activities Both

refer to Sub pressure ‘On-line moorings© for mitigation See 4-6 See 4-6

21 Bank rehabilitation Legacy/ongoing activities and new modifications Both

refer to Mitigation Measure ©encourage use of environmentally friendly 
vessel design©

See 20 See 20

refer to sub-pressure ‘sediment management strategies© See 13 See 13

22 Lateral zoning to concentrate boats within a central track Legacy/ongoing activities HMWB

See 9 See 9

Operations and 
Maintenance

Appropriate techniques (invasive species) Legacy/ongiong activitiesTransfer and establishment of alien invasive 
species

Legacy/ongoing activities and new modificationsSediment management strategies (develop and revise)

Bed scour / Sediment mobilisation / macrophyte 
disturbance (propeller action)

refer to Mitigation Measure "awareness raising / information boards 
(invasive species)"

Step 2Legacy/Ongoing Activity/New ModificationMitigation Measures

13

Transfer and establishment of alien invasive 
species

Sediment management

Vegetation control

Boat Movement
Surface water disturbance and 
turbulence created by passage of hull

Physical disturbance of bed and or bank- 
increased sediment input; sediment mobilisation 
and loss of marginal / riparian vegetation

18

Bank Erosion / loss of marginal, riparian 
vegetation (boat wash)

Navigation

Loss of morphological diversity and habitat

Pressure Sub – pressure Impact

Loss of biological continuity - interference with 
fish population movements

Hard bank protection
E.g. Steel piling, vertical walls. Includes 
hard bank protection in a state of 
disrepair.  

On-line moorings
All moorings within the  continuous 
channel, e.g. moorings hard against 
vertical walls / bank, pontoon moorings 
(also including wharves)

Locks and weirs
All types of locks, including locks in a 
state of disrepair, and weirs associated 
with locks

Source of fine sediment / deposition of fine 
sediment

Channel alteration Realignment / Re-profiling / Re-
grading for navigation

Bank 
reinforcement and 
In Channel 
Structures

Loss of riparian zone / marginal habitat / loss of 
connectivity / loss of sediment input / loss of 
wave energy absorption

Boat related: Physical disturbance to 
bed/substrate; hydraulic scour

Other navigation structures
Maintenance areas / docks / dry docks / 
marinas / slipways / rowing steps

Loss of sediment continuity - build up of 
sediment upstream, reduced bedload 
downstream

No.

Screening for applicability in relation to 
use

Both
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Mitigation Table 2 (Effectiveness of measures) 
Hydromorphological 

effectiveness 
Biological effectiveness 

Mitigation Measures No. Examples 
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References 

Removal of hard bank 
reinforcement / revetment, or 
replacement with soft engineering 
solution 

1 Re-profiling (to lessen the slope of eroding banks and encourage 
stabilisation), willow spiling; hazel faggots; willow mattress revetment; 
plant roll revetment.  �  �  ? �  ?  

Bonham, 1980; Brookes and Hanbury; Caffrey, 1993; Caffrey and Beglin, 1996; 
John Eaton, pers. comm., 2007; Environment Agency, undated; Lewis and 
Williams, 1984; Murphy et al 1980; Murphy and Eaton, 1981; Pearce and Eaton, 
1983; Willby, 1994; Wolter, 2001. 

Preserve and where possible 
enhance ecological value of 
marginal aquatic habitat, banks 
and riparian zone 

2 Double row piling; cut down piling; piling into middle of bank; planting 
(creating gaps within existing hard defence to incorporate niche 
habitat; otter ramps; creation of shallow margin in front of hard 
defence. 

  �  ? �  ?  
Briggs, 1998; John Eaton, pers. comm., 2007 Nature Conservancy Council, 1986. 
 

Preserve and, where possible, 
restore historic aquatic habitats 

3 Restore flows to secondary channels, historic flood pathways; isolated 
backwaters. �  �  �  ? �  �  �  

Bhowmik and Adams, 1989; Bij De Vaate, et al., 2007; Environment Agency, 2007; 
Holubova et al., 2007; Montgomery Canal Partnership, 2005; Peck and Smart, 
1986. 

Careful planning of mooring 
facilities and hire bases to avoid 
sensitive sites 

4  
 �  �  ? �  ? �  

Broads Authority, 2005, Eaton, 1997. 

Limit number of mooring permits 
available 

5    ? ? �  ? �  Philippa Noon (Conservators of the River Cam) pers. comm., 2007. 

Design moorings for ecological 
benefit  

6 Floating pontoons; out of channel mooring bays; offline marinas.   �  ? �  ? �   

Operational and structural 
changes to locks and weirs 

7 Operating the lock as a fish pass; increasing attraction flows;  
incorporating sluices to allow sediment continuity. �  �  �  ?  ? �   

Install fish passes 8   �   ?   �   

Awareness raising / information 
boards (invasive species) 

9   �  ? ? ? ? http://www.ceh.ac.uk; http://www.defra.gov.uk; http://www.environment-
agency.gov.uk; http://www.plantlife.org.uk/uk; http://www.rhs.org.uk. 

Awareness raising / information 
boards (source of fine sediment) 

10 

Newsletters; brochures and posters; websites; workshops and training 
courses; publications; toolkits and best practice information. 

  ? ?     

Retain marginal aquatic habitat 11 Work from banks and limit in-channel disturbance; limit work to short 
sections of the channel at any one time; limit work to one bank at any 
one time. 

 �  �  ? �  �  �  
 

Increase in channel morphological 
diversity 

12 Widen an artificially narrowed channel; use of in-channel flow 
deflectors; and bed reprofiling (to increase diversity).   �  ? �  �  �  Brookes and Shields, 1996; Nunnally and Shields, 1985; River Restoration Centre, 

undated. 
Sediment management strategies 
(develop and revise) 

13 Selective dredging; dredging technique; timing of operation; minimise 
dredge extent; location of dredgings.   �  ? �  �  �  Broads Authority 2007, CIRIA, 1997 

Phased dewatering 14    �  ? �  �  �   

Selective vegetation control 
regime 

15 Only remove weeds within central / navigable channel and retain 
marginal vegetation   �  ? �  ? ? Barrett et al, 1997. 

Appropriate vegetation control 
technique 

16 Boat-mounted instead of land-based apparatus; long-reach excavator.   �  ? �  ? ? Brookes, 1997; Caffrey, 1990b; CEH, 2007; Dawson, 1981; Monahan and Caffrey, 
1996; Murgatroyd and Terman, 1983; Wade, 1982. 

Appropriate timing 17  
  �  ? ? ? ? 

Brookes, 1997; Caffrey, 1990b; CEH, 2007; Dawson, 1981; Kaenel et al., 1998; 
Kaenel and Uehlinger, 1999; Monahan and Caffrey, 1996; Murgatroyd and 
Terman, 1983; Pearson and Jones, 1978; Wade, 1982. 

Appropriate techniques (invasive 
species) 

18 Non mechanical (e.g. hand picking) / suction dredging 
  �  ? ? ? ? 

Centre for Aquatic Plant Management, 2004; Environment Agency, 2003;  
John Gibson (National Trust), pers. comm., 2007; Trudi Wakelin (Broads 
Authority), pers. comm., 2007. 

Encourage reduction of boat wash 
impacts through traffic 
management in sensitive areas 

19  
  �  ? �  ? ? 

Boswell, 1997; Broads Authority 1986; Moodie et al., 2000; Murphy & Eaton, 1981; 
Willby, undated; Willby and Eaton, 1993. 

Encourage use of environmentally 
friendly vessel design 

20 EcoHulls, shallow draft vessels; alternative propulsion.   ? ? ? ? ? John Eaton, pers. comm., 2007; Landamore et al, 2005. 

Bank rehabilitation 21 Partial structural and functional return to a pre-disturbance state.  �  �  ? ? ? ? http://www.streamlife.org.uk/actions/river_restoration 

Lateral zoning to concentrate 
boats within a central track 

22    �  ? �  ? ? Willby, undated 

 
See Appendix B for more detail on effectiveness of measures. 
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Costings Table 
 

Mitigation Measures No. Examples Unit to cost 
(linear km, 
m2, ha, etc) 

Capital costs Annual 
maintenance 
/ 
management 
costs – where 
known 

Supporting information, references, assumptions, caveats 

Linear km £300,000 to £900,000 £500 - £2500 Canal dammed, dewatered, reprofiled, relined, toe support. Will need to include additional 30% of unit cost 
for feasibility, design etc. (British Waterways (Grahame Newman) pers comm, 2007). Caffrey and Beglin 
(1996) report on a 2.5 km long canal reconstruction that cost IR1.5 million. Further labour and machinery 
may also be required to dispose of topsoil.  
 
Additional costs may include seed and/or plants for revegetation, geotextiles and fencing if the area is to be 
grazed by livestock (WWF, 2000). 

Re-profiling (to lessen the slope of eroding banks and encourage 
stabilisation), willow spiling; hazel faggots; willow mattress 
revetment; plant roll revetment. 

Linear km £500,000  Re-profiling - approximately £175-200 per day (cost of machinery and driver) or £5,000 for 100m (WWF, 
2000) 

Timber materials (soft engineering solution) Linear km Hazel faggots - £ 30,000;  
Timber revetment - £40,000;  
Timber piling - £160,000. 

 Cost of hazel faggots provided by Trudi Wakelin (Broads Authority), pers comm, (2007); Cost of timber 
revetment (hurdle and coir matting revetments) reported in RRC manual, (1995 data); Cost of timber piling 
(alder) provided by Trudi Wakelin (Broads Authority), pers comm, (2007) 

Rock materials (soft engineering solution) Linear km Stone rip rap - £26,000;  
Rock rolls - £46,000;  
Stone gabions - £250,000. 

 Cost of stone rip rap and cost of rock rolls reported by British Waterways, ESPI spreadsheet, (2007); Cost of 
stone gabions provided by Environment Agency (Russell Robson) pers comm (2007) 

Vegetation (soft engineering solution) Linear km Coir rolls - £37,500;  
Plant roll - £130,000;  
Pocket fabric revetment - 
£100,000 to £200,000 

 Cost of coir rolls (used to establish vegetation) reported by British Waterways, ESPI spreadsheet, (2007); 
Cost of plant roll revetment reported by RRC manual, (1996 data); Cost of pocket fabric revetment for reed 
establishment reported by British Waterways, (1995) 

Removal of hard bank reinforcement / 
revetment, or replacement with soft 
engineering solution 

1 

Vegetation (reed fringes) (soft engineering solution) Square m £1 - £2   
Double row piling (planting gap between two sets of piles) Linear km £300,000 to £800,000 British Waterways, pers comm. (2007) 
Cut down piling (drive steel piles to water level (cut off) and have 
a 1 in 3 soft sloping bank from water level to towpath level) 

Linear km £130,000 to £250,000 (in 
addition to normal piling costs) 

These costs are over and above the normal cost associated with piling. This includes a waterproof clay 
barrier in the bank with an erosion-protected vegetated surface. The sloping bank however means that this 
method still suffers from the same problems of loss of usable water space and towpath space that apply to 
soft bank protection (British Waterways, pers comm., 2007). To convert an existing vertical (cantilevered) 
piled bank into a sloping bank by cutting off the piles above water level and forming a soft edge would cost in 
the order of £200,000 / linear km (British Waterways, pers comm., 2007) 

Piling into middle of bank Linear km Approximately same cost as 
piling plus additional operator 
time (£250-300 per day) 

British Waterways, pers comm. (2007) 

Planting (creating gaps within existing hard defence to 
incorporate planting) 

 No specific costs identified  

Filling gaps in the piles with rock (and meshing over) to provide 
niche habitat 

Linear km £30,000 British Waterways, pers comm. (2007) 

Creation of shallow margin in front of hard defence  Refer to techniques for soft 
bank protection (1) 

 

Preserve and where possible enhance 
ecological value of marginal aquatic 
habitat, banks and riparian zone 

2 

Piles covered by dredgings  Machine operator time for the 
additional work (approximately 
£250-£300 a day) 

£10k - £50k / 
km for 
vegetation 
management, 
repairs to 
structure 
below water 
level, sealing 
with puddle 
clay etc. 

 

Preserve and, where possible, restore 
historic aquatic habitats 

3 Restore flows to secondary channels, historic flood pathways; 
isolated backwaters, re-connect wetland areas; manage water 
levels to maintain wetlands – trickle feed/ offline pond creation 

 No specific costs identified   

Careful planning of mooring facilities and 
hire bases to avoid sensitive sites 

4   No specific costs identified   

Limit number of mooring permits available 5    £30,000 
 

Cost associated with employing a river bailiff to police permits (Philipa Noon (Conservators of the River 
Cam), pers. comm., 2007) 
 

Design moorings for ecological benefit  6 Floating pontoons; out of channel mooring bays; offline marinas.  No specific costs identified   
Operating the lock as a fish pass; increasing attraction flows  No specific costs identified   Operational and structural changes to 

locks and weirs 
7 

Incorporating sluices to allow sediment continuity  Sluice Gates £10k to £ 200 k  
(5 k per gate and 15k per m 
high) 

£15,000 WFD29 

Install fish passes 8 Pool and weir passes; baffled passes; fish locks and lifts; natural 
type by-passes, rock ramps and easements 
 

Per fish 
pass 

£25k - £500k 
 

£5k-£20k Dependent on individual case, will need to include additional 30% of unit cost for feasibility, design etc. 
(British Waterways (Grahame Newman) pers comm, 2007). 
Guidance Notes On The Legislation, Selection and Approval Of Fish Passes In England And Wales 
(Environment Agency, 2004) 

Awareness raising / information boards 
(invasive species) 

9 Newsletters; brochures and posters; websites; workshops and 
training courses; publications; toolkits and best practice 
information. 

 No specific costs identified   
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Mitigation Measures No. Examples Unit to cost 
(linear km, 
m2, ha, etc) 

Capital costs Annual 
maintenance 
/ 
management 
costs – where 
known 

Supporting information, references, assumptions, caveats 

Awareness raising / information boards 
(source of fine sediment) 

10 Newsletters; brochures and posters; websites; workshops and 
training courses; publications; toolkits and best practice 
information. 

 No specific costs identified   

Retain marginal aquatic habitat 11 Work from banks and limit in-channel disturbance; limit work to 
short sections of the channel at any one time; limit work to one 
bank at any one time. 

 No specific costs identified   

Re-profiling using hydraulic excavator Linear km £17,000  RRC, (1995 data) 
Current deflectors to introduce flow diversity and encourage a 
small degree of sinuosity 

 £900 - £1100  Jeseniscica River Slovenia. Based on £13,681 for a 1.5km stretch, including planting of riparian vegetation 
(Wasserblick, 2007) 
Post-works modification required as river adapts 

Installation of deflectors to initiate the process of bank erosion 
and consequently creation of river bends  

Linear km £9,234  RRC, (1998 data) 

Narrowing with aquatic ledges (for straightened and enlarged 
channels) 

Linear km £40,000 - £45,000  There was no significant difference in the performance and stability of the chalk filled groyne compared with 
the faggot filled structures: the chalk groynes were however 37% cheaper to construct. (RRC, 1997 data) 

Increase in channel morphological 
diversity 

12 

Narrowing of an over-widened channel using low cost groynes Linear km £11,000   
Selective dredging: Phase dredging operation over a number of 
years 

Linear km Approximately £1,000 extra, 
compared to normal dredging 

 Based on £20k extra dredging costs for 18km stretch. Will also be additional admin costs to consider 
associated with additional landowner consents / permissions etc (Mark Baker (Devon County Council), pers. 
comm., 2007) 

Selective dredging: Minimise dredge extent (to be developed in 
conjunction with navigation users), i.e. may not need to dredge 
whole length or width of river 

 No specific costs identified   

500m3 £20,522 - £27,362  Royal and Grand Canal (Waterways Ireland, Paula Treacy, 2007) Dredging technique: Floating dredger (confining dredge to the 
navigation channel) Linear km £55,000  Very effective (3-4 year return period). Disposal costs and waste analysis not included (Shannon-Erne, 

Waterways Ireland, Paula Treacy, 2007) 
Dredging technique: Bank dredging Linear km £85,498  Disposal costs not included (Royal and Grand Canal, Waterways Ireland, Paula Treacy, 2007) 
Dredging technique: Work from one bank only, where rivers are 
small enough to allow it 
 

 No specific costs identified   

Dredging technique: Low turbidity dredging (suction dredging) Cubic m £12  Cost includes the requirement to construct lagoons to dewater silt. Additional costs will typically include 
£1,000 per licence per year and associated consultant costs to prove agricultural benefit etc (Trudi Wakelin 
(Broads Authority), pers comm, 2007) 

Dredging technique: Sediment traps, silt curtains and control 
structures 

Linear m £30 (cost of curtains)  Increases cycle time of operation which can increase unit costs by 25%, (Trudi Wakelin (Broads Authority), 
pers comm. 2007). Not suitable in narrow channels 

Dredging technique: Dewater the section of navigation whilst 
dredging takes place 

Linear km £41,046 (including bank re-
profiling) - £90,000 (restoration 
project) 

 Disposal costs not included (Royal and Grand Canal, Waterways Ireland, Paula Treacy, 2007); Cost of 
£90,000 restoration project (disposal costs not included) provided by (Royal and Grand Canal, Waterways 
Ireland, Paula Treacy, 2007). 

Sediment management strategies 
(develop and revise) 

13 

Timing of operation  No specific costs identified   
Phased dewatering and other techniques 14   No specific costs identified   
Selective vegetation control 15 Only remove vegetation within central / navigable channel and 

retain marginal vegetation 
 No specific costs identified   

Boat-mounted instead of land-based apparatus Linear km £400 - £1,417  Low cost example provided by Bill Ransom (Middle Level Commissioners), pers. comm., (2007); High cost 
example provided by Paula Treacy from the Royal and Grand Canal, (Waterways Ireland) (2007). Costs are 
dependent upon actual conditions. 

Berky weedharvester (boat mounted apparatus) Linear km £745  Based on experience on Burwell Lode (Cam Navigation) cost of machine time alone - £3,500 for 
approximately 3 mile stretch (Philipa Noon (Conservators of the River Cam), pers. comm., 2007) 

Long-reach excavator Linear km £2,054  Dependent upon actual conditions. Royal and Grand Canal (Waterways Ireland, Paula Treacy, 2007) 

Appropriate vegetation control technique 16 

Chemical control Linear km £1,095  Casoron, Round Up etc. Very effective for targeting particular species.  Will need to be overseen with regard 
to impacts upon other biology. Royal and Grand Canal (Waterways Ireland, Paula Treacy, 2007) 

Appropriate timing 17   No specific costs identified   
Non mechanical (e.g. hand picking)  £20,000 (per site)  Based on experience from Broads Authorities (Trudi Wakelin, per. comm., 2007) Appropriate techniques (invasive species) 18 
Suction dredging  No specific costs identified   
Limit annual boat traffic movements  No specific costs identified   Encourage reduction of boat wash 

impacts through traffic management in 
sensitive areas 

19 
Speed restrictions in the most constricted and sensitive areas Linear km 

(per year) 
£795 £10,000 (cost 

of policing) 
Speed restrictions of 3mph in the most constricted and sensitive areas (Boswell, 1997); introduction of speed 
limits in all areas to reduce wash, and enforcement of byelaws through ranger service (Trudi Wakelin 
(Broads Authority), pers comm, 2007) 
Capital cost associated with printing and promotion (Trudi Wakelin (Broads Authority), pers comm, 2007). 

Encourage use of environmentally friendly 
vessel design 

20 EcoHulls, shallow draft vessels; alternative propulsion. Per vessel £10,000 - £30,000  Modify hull shape, fit prop shroud or deflector plate, fit speedometer (British Waterways (Grahame Newman) 
pers comm, 2007). 

Bank rehabilitation 21 Partial structural and functional return to a pre-disturbance state.  No specific costs identified   
Lateral zoning to concentrate boats within 
a central track 

22   £20,000 - £100,000  Cost based on British Waterway enforcing such a scheme covering 25,000 vessels (British Waterways 
(Grahame Newman) pers comm, 2007). 
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5 HYPOTHETICAL EXAMPLE (URBAN / RURAL CANAL) 

Type of waterbody: Canal 
Size: 19 miles (approximately 30 km) 
Landuse: Rural 65% / urban 35% 
 
 

5.1 Description of site 

The site includes a 30km stretch of canal between two locks.  Land use varies between 
rural and urban stretches.  The most easterly 4km of the site includes part of a Site of 
Special Scientific Interest (designated for its fen and marsh vegetation).  The canal width 
varies between 14 and 40m.  Examples of the land use and canal characteristics are 
shown in Plates 5.1 to 5.6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 5.1       Plate 5.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 5.3 (including SSSI habitat)    Plate 5.4 (Remains of old wharf)) 
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Plate 5.5 (degraded bank protection)    Plate 5.6 
 
 

5.2 Steps 1 to 5 (determining Good Ecological Potential) 

Table 5.1.  Site considerations: 

 

Sub – pressure Comments 

Hard Bank 

protection 

Along the majority (c. 90%) of the trial site the bank has some form of hard bank 

protection. However, in most places this is in disrepair.  The decayed hard bank 
protection now provides a diverse range of habitats including reed fringe, gently 
sloping vegetated banks into the canal and vertical faces with holes which 

provide habitats for lichens, ferns and mosses above the waterline and sponges 
below it.  New hard bank protection (sheet piles) is limited to <1% of the site. 
Vegetated fringe is allowed to develop in front of the sheet piles.  In some parts 

of Glasgow the bank protection consists of the original vertical stone walls which 
now provide temporary and residential mooring sites. 

Online moorings Due to the condition of the hard bank protection and limited boat traffic, there are 
few formal mooring areas along the stretch.  There are occasional residential 
moorings.  A number of moorings are on pontoons which allow the development 

of emergent vegetation behind them. 

Locks and weirs The pound is maintained by locks at either end.  �There are 6 overflow weirs 
along this stretch, however the impacts associated with weirs are those related 

to a loss of continuity (upstream and downstream) and as such side weirs are 
not considered further. 

Other navigation 

structures 

There are occasional slipways along the length. 

Realignment / re-

profiling / 

regrading 

None 

Sediment 

management 

Dredging of the navigation channel (central 6m) takes place along this stretch. 
The scale varies from extensive capital dredging to spot dredging of specific high 
spots.  The long-term aim is to increase the depth of the canal from 1.8m to 2.3m 

either by dredging or raising the water level. 
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Steps 1 to 5 are recorded within Mitigation Table 1 overleaf.  The suite of measures that 
if fully implemented would deliver GEP at the site are those ‘ticked’ at Step 4 within 
Mitigation Table 1.  Step 5 indicates those measures that are not yet fully implemented.  
Certain measures identified at Step 4 may be implemented sufficiently (in line with 
further guidance being produced by UKTAG on appropriate levels of application of 
mitigation measures).  For the purposes of this example, those measures which are 
required for GEP have been taken forward for costing as an example. 

Sub – pressure Comments 

Disposal on banks Disposal limited to areas outside of main urban sprawl, i.e. to ensure that 
dredgings are place far enough away from the bank. 

De-watering Occasional, depending on maintenance requirements, most recent during. 
2005/06 where a 735m section was dewatered for a period of 5 months (winter). 

Vegetation control Aquatic weed control led via physical cutting in the central 6m of the navigation 
channel using a Berky weed cutter throughout the growing season and hand 
pulling with rakes in certain locations.  Very limited amount of vegetation control. 

Probably controlled by existing boat movements. 

Removal of 

invasive species 

Cutting of Elodea canadensis and E.nuttallii. 

Boat wash There is boat traffic 

Propeller action There is boat traffic... 

Transfer of 

invasive species 

Elodea canadensis and E.nuttallii are both present on the stretch and known to 

be invasive.  Japanese Knotweed (although not aquatic) is also present.; 

however, there obviously remains the potential that invasive species can be 
introduced to the trial site from elsewhere. 
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Mitigation Table 1 
Type of water body (Canal, i.e. AWB, or River / lake / loch, i.e. HMWB):  +� � � � (� , - "   Location / Name:       
Water body reference number / site:       Size of Water Body: � #�� ��� � � � � � 
 � . �� � 	 � �� �/ � �� � "�
Date:� � � � �
Personnel undertaking assessment: �

Step 1 Step 3 Step 4 Step 5 Comments / Justifications

GEP

Presence of 
structure or 
management 
action and 
corresponding 

impact (���� )

Relevant to Heavily 
Modified Water 
Body (HMWB) or 
Artificial Water 
Body (AWB)

Tick those 
mitigation 
measures that 
are retained

Exclude 
measures that 
have a significant 
impact on the 
use of the water 
body and wider 
environment. 

Exclude 
measures that 
individually, or in-
combination, 
only deliver slight 
ecological benefit 
(where expert 
knowledge 
permits)

Identify those 
measures from 
Step 4 that have 
yet to be 
implemented or 
are not yet 
mitigating the 
identifed impact

Whenever measures are ruled out the user should provide a clear explanation for this 
decision and/or append supporting information

�
1 Removal of hard bank reinforcement / revetment, or replacement with 

soft engineering solution
Legacy/ongoing activities and new modifications Both (AWB new 

modification only)
n/a

2 Preserve and where possible enhance ecological value of marginal 
aquatic habitat, banks and riparian zone

Legacy/ongoing activities and new modifications Both

� �

Hard bank protection only represents a small proportion of the site. The 
benefit of removing this, in terms of the overall ecological value of the site 
is considered to be negligible, i.e. this measure is considered to, at best, 
deliver only a slight ecological benefit.

3 Preserve and, where possible, restore historic aquatic habitats Legacy/ongoing activities and new modifications HMWB  n/a
4 Careful planning of mooring facilities and hire bases to avoid sensitive 

sites
New modification only Both only relevant for new modifications

5 Limit number of mooring permits available New modification only Both only relevant for new modifications

6 Design moorings for ecological benefit New modification only Both only relevant for new modifications

Hard bank protection � refer to Sub pressure ©Hard bank protection© for mitigation See 1-3 See 1-3

� 7 Operational and structural changes to locks and weirs Legacy/ongoing activities and new modifications HMWB n/a
8 Install fish passes Legacy/ongoing activities and new modifications HMWB n/a

Hard bank protection � refer to Sub pressure ©Hard bank protection© for mitigation See 1-3 See 1-3

�
refer to Mitigation Measure ©Operational and structural changes to 
locks and weirs©

See 7 See 7

refer to Sub pressure ©Dredging© for mitigation See 13 See 1-3

Invasive species transfer 9 Awareness raising / information boards (invasive species) Legacy/ongoing activities and new modifications Both � � � �
10 Awareness raising / information boards (boat wash / sources of fine 

sediment)
Legacy/ongoing activities and new modifications Both

� �

Given the low levels of boat traffic, impacts associated with this pressure 
are low, and measures to further reduce this impact are considered to, at 
best, deliver only a slight ecological benefit. There is only one slipway and 
one boat yard within the length of the site. The level of sediment sourced 
from these areas is considered minimal.

refer to Mitigation Measure ©Develop a sediment management 
strategy© 

See 13 Both

Hard bank protection refer to Sub pressure ©Hard bank protection© for mitigation See 1-3 See 1-3

Physical disturbance associated with moored 
vessels

refer to Sub pressure ‘On-line moorings© for mitigation See 4-6 See 4-6

X 11 Retain marginal aquatic habitats New modifications HMWB n/a
12 Increase in-channel morphological diversity Legacy/ongoing activities and new modifications HMWB n/a

Direct loss of / impact to aquatic habitats / 
hydromorphology � � � � �
Transfer of fine sediment downstream �
Bankside erosion and impacts to riparian 
habitats �
Source of fine sediment (disposal of dredgings 
on banks) �

De-watering (for maintenance of 
navigable channel)

Loss / impact to aquatic flora and fauna
�

14 Phased de-watering and other techniques Legacy/ongoing activities and new modifications Both No dewatering

�
15 Selective vegetation control regime Legacy/ongoing activities Both

� � � �
16 Appropriate vegetation control technique Legacy/ongoing activities Both � � � �
17 Appropriate timing Legacy/ongoing activities Both � � � �

�
Both

� � � �
19 Encourage reduction of boat wash impacts through traffic 

management in sensitive areas
Legacy/ongoing activities Both

� �
refer to Mitigation Measure ©awareness raising / information boards 
(boat wash / sources of fine sediment) for mitigation©

See 10 See 10

20 Encourage use of environmentally friendly vessel design Legacy/ongoing activities Both � �
refer to Sub pressure ‘On-line moorings© for mitigation See 4-6 See 4-6

21 Bank rehabilitation Legacy/ongoing activities and new modifications Both � �
refer to Mitigation Measure ©encourage use of environmentally friendly 
vessel design©

See 20 See 20

refer to sub-pressure ‘sediment management strategies© See 13 See 13

22 Lateral zoning to concentrate boats within a central track Legacy/ongoing activities HMWB � �
� See 9 See 9

Screening for applicability in relation to 
use

Both

Boat traffic is considered low and impacts associated with it are limited. 
As such, measures to further reduce this impact would, at best, deliver 
only a slight ecological benefit.

Appropriate techniques, such as the use of floating weed harvesters are 
currently implemented. However, this alone does not represent the full 
implementation of this measure.

Loss of sediment continuity - build up of 
sediment upstream, reduced bedload 
downstream

No.

�

Source of fine sediment / deposition of fine 
sediment

Channel 
alteration

Realignment / Re-profiling / Re-
grading for navigation

Navigation

�

Loss of morphological diversity and habitat

Pressure Sub – pressure Impact

Loss of biological continuity - interference with 
fish population movements

Hard bank protection
E.g. Steel piling, vertical walls. Includes 
hard bank protection in a state of 
disrepair.  

On-line moorings
All moorings within the  continuous 
channel, e.g. moorings hard against 
vertical walls / bank, pontoon moorings 
(also including wharves)

Locks and weirs
All types of locks, including locks in a 
state of disrepair, and weirs associated 
with locks

Bank 
reinforcement 
and In Channel 
Structures

Loss of riparian zone / marginal habitat / loss of 
connectivity / loss of sediment input / loss of 
wave energy absorption

Boat related: Physical disturbance to 
bed/substrate; hydraulic scour

Other navigation structures
Maintenance areas / docks / dry docks / 
marinas / slipways / rowing steps

13

Transfer and establishment of alien invasive 
species

Sediment management

Vegetation control

Boat Movement
Surface water disturbance and 
turbulence created by passage of hull

Physical disturbance of bed and or bank- 
increased sediment input; sediment mobilisation 
and loss of marginal / riparian vegetation

18

Bank Erosion / loss of marginal, riparian 
vegetation (boat wash)

Bed scour / Sediment mobilisation / macrophyte 
disturbance (propeller action)

refer to Mitigation Measure "awareness raising / information boards 
(invasive species)"

�

Step 2

Operations and 
Maintenance

Appropriate techniques (invasive species) Legacy/ongiong activities

�

Legacy/Ongoing Activity/New ModificationMitigation Measures

Transfer and establishment of alien invasive 
species

Legacy/ongoing activities and new modificationsSediment management strategies (develop and revise)

�
�
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Table 5.2.  List of mitigation measures required to deliver GEP for the water body 
Sub – pressure Impact Mitigation Measures No. 

� � � � � �
� � 	 
� � � 
� � �


 � � � � � � � � 
 �

0� ! � � �! � �
� � � � �� � �

	 
 � � � � � 
 �

� � � 
 � � � � � �
 � �� �� � � �� ! � � �! � �
� � � � �� � "�

#�

� � � 
� � � � �

� � � � � � � � � � �

1 
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Suite of measures that if implemented would deliver Good Ecological Potential at the 
site. 
 
It should be noted that in order to achieve GEP all the measures at Step 4 need to be 
implemented, however, budgetary requirements may restrict the likelihood that all 
measures may be implemented in any given cycle of River Basin Management 
Planning.  Step 8 ensures that cost-effective and complimentary combinations of 
measures can be identified. 
 
 

5.3 Steps 6 to 9 (selecting cost-effective combinations of mitigation measures) 

The selection of cost-effective combinations of mitigation measures was not undertaken 
during the trial exercise, however, information for progressing through parts of Steps 6 
and 7 are given in the following sections, to provide the reader with examples of the 
information required to progress.  Some indicative costs are provided as an example for 
progressing through Step 7.  Steps 8 and 9 require decisions from all stakeholders to 
determine where cost savings may be met, and to identify specific targets / actions. 
 

5.3.1 Step 6 - Effectiveness of mitigation measures 

Effectiveness of a measure is broken into three parts: 
 

·  Hydro-morphological / biological effectiveness (values are taken directly from 
Mitigation Table 2, although discussions may result in site specific alterations to 
effectiveness); 



 
 
 
 
 
 
 

Measures for the Inland Navigation Sector  9S3923/R/303075/PBor 

Final Report - 62 - 8 October 2007 

 

·  Timescales for which the effectiveness will be observed (period for 
improvement) (values are taken from Table 3.6 in the Guidance Document); and 

·  Duration of effectiveness (values are taken from Table 3.7 in the Guidance 
Document) 

 
Table 5.3.  Mitigation measures, effectiveness, period for improvement, and duration 

Mitigation Measure Hydromorphological effectiveness Period for 
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In this example it is felt that if these measures were implemented now, the effectiveness 
of implementing appropriate dredging strategies and appropriate vegetation control 
measures will be realised relatively quickly (before 2015) and the remaining measures 
are likely to take longer for hydromorphological and ecological benefits to be realised 
(i.e. before 2021).  In the case of invasive species awareness raising, it is difficult to 
predict the likely period for effect, given that it will rely on voluntary uptake. 
 
 
These measures are all felt to have the potential to deliver hydromorphological and 
ecological benefit for a period in excess of 12 years. 
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5.3.2 Step 7 – Estimating financial and socio-economic costs 

Considering the financial costs of a mitigation measure must include the capital costs 
and the operational costs over the lifetime of the mitigation measure to arrive at an 
overall present value (PV) cost of a measure and associated annualised cost.  Values to 
help derive these costs are provided (where available) in the Costs Table within the 
Guidance Document.  However, these should only be used as a guide and ideally site 
specific values should be determined during round table discussions.  Socio-economic 
costs have not been estimated as part of this case study. 
 
Refer to section 3.2.4 for background information regarding cost estimation. 
 
For this example only one measure (Sediment Management Strategies) has been 
costed, using the generic values provided within the Costs Table (Section 4).  Actual 
costs should be used, where possible, and this will vary on a site by site basis. 
 
For this example it has been assumed that the requirement to upgrade the sediment 
management strategy is to use floating dredging equipment for an area equalling 1km of 
the trial site.  The return period for sediment management exercises is assumed to be 4 
years. 
 
Table 5.4.  Financial costs of potential mitigation measures (Table 3.12 in Guidance 
Document) 

Mitigation measure Capital cost Operational cost Total 

financial 

cost 

Total 

financial 

cost 

No Description Unit cost Quantity Unit 

cost 

Frequency PV for 

lifespan 

Annualised  
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Capital costs and operational costs have been taken from the Costs Table provided 
within the Guidance Document, these are provided as a guide and may be substituted 
for site specific costs, where known.  For this example it has been assumed that 1km of 
riverbank is available for measures to be implemented. 
 
 
Standard methodologies for calculating Present Value and Annualised Value, using the 
Treasury Green Book, have been used to derive values.  A number of measures would 
require further consideration to determine capital and operational costs and have not 
been costed during this exercise – however, all measures should be costed in order to 
allow PV and Annualised costs to be adequately compared for all measures. 
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6 GLOSSARY 

Agitation dredging - the practice of forcing sediment from the bed into suspension in 
the water column for dispersal by local currents. 
 
Alluvial - deposited by a river. 
 
Bank erosion processes - hydraulic processes which detach, entrain and transport 
individual particles or assemblages of particles away from the face or toe of the channel 
bank. 
 
Batter - slope of a bank; if measured the ratio of horizontal to vertical. 
 
Backwater – areas of low velocity water. 
 
Bed - ground at the bottom of the water column in any mass of water. 
 
Bedload - rocks and particles transported downstream during flood events, rolling or 
bouncing along the bottom of the bed. 
 
Biodiversity - biological richness, including species, genetic and ecosystem variety. 
 
Broad - shallow man made lake of medieval origin in Norfolk and Suffolk. 
 
Capital dredging - dredging to increase one or more dimension of a body of water 
beyond that which had previously existed, i.e. new work or expansion of existing work. 
 
Catchment - the total area of land that drains into any given river. 
 
Clay - particle of diameter < 0.002mm. 
 
Conveyance - flow capacity of a channel. 
 
Deflector - structure projecting out into the channel to deflect the current. 
 
Dredger - mechanical, electrical, or hydraulic plant used for dredging. 
 
Dredging - the removal beneath water of soil, rock or debris. 
 
Emergent vegetation - plants rooted below water or along the water’s edge. 
 
Embankment - artificial flood bank built for flood defence purposes, which can be flush 
with the channel or set back on the floodplain. 
 
Erosion - hydraulic processes which detach, entrain and transport individual particles or 
assemblages of particles away from the face or toe of the channel or loch bank. 
 
Faggots - bundles of long branches. 
 
Fine sediment - sediment of grain diameter finer than 2mm. 
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Floodplain - area of land over which a watercourse will spill in spate, i.e. periodically 
inundated part of a river valley floor. 
 
Fluvial geomorphology - the study of landforms associated with river channels and the 
processes that form them.  It considers the process of sediment transfer – erosion, 
transport and deposition – in river channels and also the relationship between channel 
forms and processes. 
 
Freeboard - height above water level of side of vessel, or top of retaining bank. 
 
Gabion (basket) - wire baskets filled with rocks, used to form bank protection 
structures. 
 
Geomorphology - the study of features and processes operating upon the surface of 
the Earth. 
 
Geotextiles - natural or synthetic, permeable fabrics used in conjunction with soil to 
strengthen or protect against erosion. 
 
Habitat - specific area or environment in which a particular type of plant or animal, or 
group of plants or animals, live. 
 
‘Hard’ engineering - techniques involving heavy engineering and use of non-vegetative 
materials 
 
Hydromorphology - term used to describe the study of flow and channel forms. 
 
Intake - all structures associated with the abstraction of water, including flow deflector, 
fore bay, inlet and sediment traps, sluices and sills (not including weirs). 
 
Macrophytes – aquatic plants. 
 
Macrophyte beds - Beds of aquatic plants. Can be emergent (above the water line) or 
submerged (below the water line). 
 
Maintenance dredging - dredging to restore or maintain a depth of water that existed 
previously, but has been reduced by the deposition of sediment, or debris. 
 
Meander - a bend in the river formed by natural river processes e.g. erosion and 
deposition. 
 
Reach - a length of an individual river which shows broadly similar physical 
characteristics. 
 
Realignment - alteration of the planform channel (often by straightening) to speed up 
flows and reduce flood risk. 
 
Reprofiling - reshaping a bank to improve its stability and potential habitat value 
(usually by reducing the slope and making the shape asymmetric). 
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Revetment - bank strengthening. 
 
Riparian - on the banks of a river. 
 
Rip rap - angular stone placed to protect eroding banks. 
 
River corridor - land to either side of the main river channel, including associated 
floodplain(s). 
 
Salmonid - the family of fish species that includes the salmon, trout and char. 
 
Scour - erosion of the channel banks and bed due to excessive velocity of the flow. 
 
Silt - particle of diameter between 0.002mm and 0.063mm. 
 
Siltation - the process of deposition of sediments in water. 
 
Sluice - Valve or gate in an artificial channel used for carrying water. Valve or gate is 
used for the purpose of sluicing. 
 
Sluicing - to wash sediment through an artificial channel using the flow of water. 
 
Soft (engineering/revetment) - environmentally friendly, often using vegetation. 
 
Tow path - access adjacent to one side of canal originally used by horses towing 
barges. 
 
Weir - in stream structure used for regulating flow, storage of water or flood defence. 
 
Winding holes - wide section in canal for turning boats. 
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