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SUMMARY

This report is the final output of the scoping study for reducing uncertainty in river
flood conveyance.  The principal aim of the work is improving the estimation of the
discharge capacity of watercourses for the prediction of flood levels and velocities and
of the extent of inundation.

The report draws upon the unpublished draft interim report produced as a working
document during the scoping study.  The scoping study has produced as outputs
specifications for a Targeted Research Programme to produce Improved Methods for
estimation of river conveyance and a longer term Strategic Programme.  The Targeted
Programme (TP) comprises nine main components including pilot testing and a training
programme.  The Targeted Programme aims to build upon the considerable body of
research knowledge and understanding that currently is not implemented in practice.
Thus the TP will not involve much new basic research but will be development of
practical tools and guidance.  The key output of the TP is a computer-based Conveyance
Estimation System which will encapsulate current knowledge on the assessment of
conveyance from survey, flow measurement, roughness assessment etc.

The Strategic Programme (SP) of longer-term research is designed to enhance the SET
base on which practical assessments are made. The SP is organised under four main
themes and comprises 19 tasks, which are identified in outline.  The SP covers Local
Scale Conveyance, Natural and Man-made Influences at River and Flood Plain Scale,
Higher Dimensional Modelling and a cross programme action on underpinning Data
Collection.

The scoping study report also discusses the potential funding of the research and
development and identifies need for co-ordination of the activities of different potential
funding streams to obtain full benefit from the research investment.
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1 INTRODUCTION

1.1 Introduction

In the past two decades there has been managed programme of research on the EPSRC
Flood Channel Facility (FCF) at HR Wallingford, on university laboratory flumes and
on real rivers.  This has resulted in a step advance in the understanding of flow
phenomena in complex river and flood plain systems and constitutes the leading
international effort in rivers research over the last two decades.  This major managed
research programme centred around the FCF and was co-funded by EPSRC, by the
Environment Agency and by the former MAFF and NRA.  This research improved
understanding of many of the processes which determine the flood capacity of river and
flood plain systems.

However, there is a concern that this new knowledge has not been transferred
successfully into practice within the UK flood defence community.  In 2000, the
EPSRC, with support from the Environment Agency, established a Network on
Conveyance in River Flood plain Systems.  This Network is led by Professor D A
Ervine of the University of Glasgow and with Professor G Pender of Heriot-Watt
University as co-investigator.  The intention of the Network is to form a bridge between
the academic research community and engineering practice.  The Environment Agency
sponsored this scoping study as a major “user” in the Network.

HR Wallingford in association with two nominated experts, Mr Edward Evans
(independent consultant) and Prof. Gareth Pender, was commissioned by the
Environment Agency to carry out a “Scoping Study for Reducing Uncertainty in River
Flood Conveyance”. The project stemmed from discussions at the inaugural meeting of
the EPSRC Network on Conveyance in River Flood plain Systems in October 2000 and
the two nominated experts represented the interests of both practitioners and academics.

1.2 The Specification

The end objective of the scoping study is stated in the Specification (contained in
Appendix 5) as follows:

“To establish the technical plan, together with supporting documentation, for a
Targeted Programme of R&D to produce improved methods for practitioners to
assess flow conveyance (taken here to indicate the flow / depth / energy slope
relationship) in river channel and flood plain systems.”

The scoping study is intended to enable DEFRA, the Agency and UK consultants to
make best use of the knowledge drawn together by the EPSRC Network on Flood
Conveyance, through providing the resources specifically for the specification and
planning of research and dissemination activities flowing from the Network.  Hence, the
Agency requested that the project team should co-operate closely with the Network,
although the activities of the Scoping Study were to be separate from the EPSRC
funded Network. As well as defining the basis of a Targeted Programme for the short
term, the scoping study also addressed the needs for a longer-term strategic research
programme to be promoted by DEFRA, the Agency or EPSRC.
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1.3 Approach

The project team involved three members of the EPSRC Network, contracted to the
Agency for the performance of the R&D contract through HR Wallingford.  In addition,
other members of the Network assisted the project team through the preparation of
individual expert reviews or position papers on particular topics. Close contacts were
established with representatives of the Agency’s Framework Consultants and Agency’s
staff with an interest in flood-related issues.

The project was divided into several tasks as follows:
• Development of a conceptual framework identifying the links between the end-

use applications and the relevant physical parameters, and indicating key steps in
the assessment and management processes;

• Consultation with leading experts (through the commissioning of specialist review
papers) and with the end-users (see Chapter 2) by means of a targeted
questionnaire and three workshops;

• Review of current knowledge and practice based on the consultation described
above;

• Identification of research needs for the targeted and longer term research
programmes;

• Development of a Technical Work Plan for the Targeted Programme (in the form
of a Gantt chart) showing a breakdown into component sub-projects, their
specification, targets and time-scales, as well as cost estimates and
implementation plan;

• Development of the Procurement Strategy for the Targeted Programme, covering
contract options, research organisations, programme management and user
involvement in training/piloting. The Procurement Strategy was prepared as a
separate document and is therefore not part of the current report.

In addition to this, wide publicity has been given to the Scoping Study to inform the
Flood Defence community and to obtain their views and support for the project.

In March 2001 the project team produced a draft interim report, which was reviewed by
the Agency Project Manager and distributed to participants in the EPSRC network on
Flood Conveyance.  The interim report will not be published as a formal output of the
project but it was used as a working document and source material for the preparation of
this Final Report.

1.4 Glossary of Models

Several modelling packages are mentioned within this report, all of which have been
used by the Agency, their consultants or in research funded by DEFRA or the Agency.
These models have differing capabilities and are described in the following table.
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Table 1.1 River flood modelling packages

Model Capabilities Contact Comments

EUROTAS
Modelling framework for
steady and unsteady
flood flow simulation in
river networks

HR Wallingford
(EC project co-
ordinator)

Research prototype
GIS-based model
integration coupling
hydrological and
hydrodynamic models

HEC-RAS Steady 1-D flood flow
simulation in river
channels. Version 3,
issued in June 2001, also
has unsteady simulation

UK Agent -
JBA

Produced in the US by
the Army Corps of
Engineers, widely used
particularly by smaller
consultancies.

Hydro Unsteady 1-D flood flow
simulation in river
networks

Mott-
Macdonald

Basis for some flood
mapping studies

ISIS Steady and unsteady 1-D
flood flow simulation in
river networks

Wallingford
Software

Also simulates sediment
and water quality.

MIKE11 Steady and unsteady 1-D
flood flow simulation in
river networks

DHI Water-
Environment

Also simulates sediment
and water quality.

RIBAMAN Discharge routing model
for dendritic river
networks

HR Wallingford Superseded by ISIS-
routing

TELEMAC Unsteady 2-D simulation
of river floods

UK Agent - HR
Wallingford

Research applications
undertaken in UK by
HR Wallingford and the
University of Bristol

TELEMAC
-3D

Unsteady 3-D simulation
of river floods

EDF, with UK
Agent  HR
Wallingford

Hydrostatic assumption
made in the vertical
plane

TRIVAST Unsteady 3-D simulation
of hydrodynamics

University of
Wales, Cardiff

Hydrostatic assumption
made in the vertical
plane
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2 THE USERS AND THEIR NEEDS

2.1 Environment Agency Users Identified in the Specification

The specification for this scoping study states that:
 “The aim …  is to enable the relevant steps in the process of assessing water
level, conveyance and/or flood risk (for a given discharge) both to be better
understood by the end-user of the R&D, and to be better considered by the
research scientist. End-use applications are currently envisaged as:
a) flood level forecasting / flood risk mapping;
b) planning and design of new or improvement works;
c) operations and maintenance – effects and management of vegetation”

The Agency’s Flood Defence business map (See Figure 2.1) illustrates the relationship
between the functions representing these three different areas of the flood defence
business.  The Agency is seeking to introduce nationally consistent tools and procedures
within its areas of operation.  The outcome of the research following this scoping study
should facilitate the introduction of consistent tools within the Flood Defence function.

2.2 Needs in flood level forecasting and flood risk mapping

“Front line” users of improvements to conveyance in relation to flood forecasting are
likely to be flood forecasting teams in the eight Regional Offices of the Agency and the
consultants developing their models.  The S105 framework consultants producing flood
maps for the Agency will also use these improvements.  Flood warning teams in the 26
Area Offices of the Agency will benefit from both flood forecasting and S105
improvements.

Current practices on flood forecasting within the Agency are largely based on rainfall-
runoff or various grades of conceptual modelling and discharge routing techniques.
These capabilities have historically been developed irrespective of hydrological and
hydrodynamic complexities of the natural system.  Consequently, flood-forecasting
practitioners often express a lack of confidence on forecast results. One application of
the scoping study could be in the incorporation of improved methods of conveyance
estimation in flood routing methods, via wave speed and rating curve estimation which
are fundamental building blocks of forecasting methods.  Due to improved
computational speeds, hydrodynamic flood forecasting is now feasible. Full
hydrodynamic models potentially provide better level prediction, particularly in urban
settings where water levels are heavily influenced by structures and their backwater
effects.

Currently, the National Flood Warning Centre is commissioning R&D projects to
formulate a flood forecasting strategy to develop guidelines on each flood forecasting
approach and it is envisaged that hydrodynamic modelling will play an important role in
these guidelines.  The incorporation of hydrodynamic forecasting capabilities and
improvements on conveyance modelling are expected to have a significant impact on
raising confidence on flood forecasting.  The National Flood Warning Centre is now
represented in the Network to ensure the synergy between the respective R&D
activities.
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The Section 105 mapping is based on a combination of historical flood records, existing
and new modelling, and maps for some 50 catchments have been produced to date.
There is potential for improving the estimation of flood limits using better models of
conveyance.  Again, the likely approach for easy incorporation of improved conveyance
estimation would be via rating curves.

Another potential application of the improved methods lies in the Broad Scale
Modelling thematic research programme for Whole Catchment modelling.  A first stage
“demonstration” model is about to be commissioned in support of the new
DEFRA/Agency programme of Catchment Flood Management Plans (CFMPs).  This
will consist of a GIS with tools representing current best practice and research
knowledge, and is planned to be available for use in the main programme of CFMPs
starting in September-October 2001.  A routing tool based on RIBAMAN or ISIS-
Routing will be provided under the project, though in many cases hydrodynamic models
using various software will exist for at least part of the catchment and can potentially be
utilised as “external models” in the nomenclature of EUROTAS.  Good scope exists for
the incorporation of improved conveyance methods in future developments of this
system, and again an important approach is likely to be via improved wave speed and
rating curve estimation in routing models. For summary information on the river models
mentioned in this report see Section 1.4.

A potentially fruitful line of attack on this, which also applies to flood warning
software, would be to acknowledge the fact that full hydrodynamic models often exist
for UK rivers, notably for urban reaches (which are the higher value/higher risk areas).
These models, particularly if improved conveyance methods were incorporated, could
be used to generate three-dimensional flood level-flow “rating surfaces”.  These would
then be used to generate flood extents from long-duration runs arising from the use of
continuous simulation hydrologic boundary conditions.

Behind these direct users lie the Agency’s development control and planning liaison
sections.  Benefits will accrue in the form of better flood level forecasting and better
flood risk maps, with tighter confidence limits and higher defensibility.  This will
enable the Agency to fulfil its duties by providing the public and emergency and
development planners with improved, more confident predictions of flood risk and
extent.

2.3 Needs in planning and design of new or improvement works

The front line users in this case are the National Capital Programme Management
(NCPM) framework consultants and the Agency client staff, the NCPM managers as
shown on the Business Process Map (Figure 2.1) and the other Flood Defence
Operating Authorities, namely Local Authorities and Internal Drainage Boards.

It became clear from the first project Workshop (see Section 4.5), that new methods
would only be used if they were incorporated in the commercial software which is
widely used in UK in the appraisal and design of capital works schemes.  This is largely
confirmed by the responses to the Questionnaire (see Section 4.2) which showed a
heavy reliance on such models.  It is therefore necessary to ensure that the methodology
which emerges from this project is capable of ready incorporation within the
architecture and algorithms of such software.  A current research project at the
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University of Birmingham, funded by EPSRC is examining open access code for the
ISIS hydraulic model.

It also has become increasingly clear that the ability to easily and economically acquire
the necessary physical data in the flood plain by remote sensing and derive
schematisations and parameters for such features as hedgerows and banks on the flood
plain, is an essential part of the modelling process.

While improved modelling of natural rivers and flood plains is important, it should be
observed that in the crucial higher risk urban areas the river can often take the form of a
two-stage channel, with relatively narrow berms and modest curvature.  Any method for
assessing the conveyance of  meandering compound channels must merge without steps
into that for straight or near straight two-stage channels.

The benefits of more accurate level estimation in capital works are two-fold. If a
scheme is under-designed, and the river has a lower capacity than assumed, then there is
likely to be unforeseen property damage from flooding. On the other hand, if an
assessment of conveyance is too low, then works can be carried out where none are
needed to achieve a given standard of service, or new works provide a greater capacity
than can be justified.

2.4 Needs in operations – effects and management of vegetation

Flood warning and Section 105 modelling outputs use an assumed standard of
maintenance in rivers, from which a rugosity coefficient is derived for use in models.
Similarly, capital works assume a level of maintenance of watercourses, and base the
design of all new works on the rugosity of that level of maintenance.

However, there is frequently insufficient communication between modellers/designers
and maintenance staff, so that all too often the assumptions made in models or designs
may be erroneous.  Further, operational staff are rarely given feedback regarding the
maintenance necessary to achieve design standards of service, or to reduce the flood
risk in critical areas. It was confirmed at Workshop 1 (see Section 4.5) that the
technology used by operational staff to assess the need for maintenance and the control
of vegetation is very modest.   The frequency of clearing or cutting of vegetation is
often based on precedent or experience or simple backwater calculations.

However, many reaches, or whole rivers, have no design standard or design flows or
levels.  How, then are operations engineers expected to identify appropriate levels of
maintenance?  There is an urgent need for a higher level of technology not only to be
available to, but to be used by, operations staff, as in general very few offices use
hydraulic models to assess the critical locations and levels of floodwater as a means of
targeting maintenance resources.

Therefore the first step in ensuring a comprehensive system of flood management must
be to make simple models of all rivers available to operations staff.  Only then can an
improved knowledge of conveyance assist in determining the appropriate locations
along a river where intervention is needed, and assist in determining the maximum
growth that can be permitted before that intervention is required.
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This is a neglected area for technology and the scoping study must establish contacts
with operational staff to explore existing methods and future potential for the use of
improved methodology.

2.5 Needs in hydrometry

Flood discharge is a key parameter in flood defence planning and forecasting.  Many
gauging stations in England and Wales, constructed following the Water Resources Act
(1963), were primarily designed to establish the quantity of water available for the
community and the provision of flood data was originally considered to be of secondary
importance.  When a flow measurement structure or rated channel section is drowned or
out-flanked by a flood flow the uncertainties associated with flow measurement rise
from the 3% for in-bank flow to 30% or more for out-of-bank flood conditions.
Uncertainties of this magnitude can have a profound impact on the return period
associated through standard statistical techniques with a particular discharge.  They may
also lead to the design of a flood protection scheme being conservative with associated
economic losses or inadequate with the benefits of the proposed scheme not being
achieved.  An important means of extending the rating curve at a gauging station is by
assessing bypassing flow through the estimation of the conveyance of the flood plain.
This is one theme of the Agency National R&D project W6-061, (currently in progress)
which is examining the extension of rating curves using hydraulic models.

2.6 Users outside the Environment Agency

Outside the Environment Agency, there are several users of conveyance including
engineers and modellers in consultancies, developers, contractors and local government,
internal drainage boards and environmental consultants.   Others will use the results of
conveyance estimation either directly or indirectly, particularly those responsible for
infrastructure and other development in or adjacent to rivers and other watercourses.
The needs of these users of conveyance estimation, however, are likely to be similar to
those in the Agency and their consultants who perform similar functions.   The scoping
study has not considered explicitly the needs of non-Agency users. It should also be
noted that another group of users with a potential interest in research programmes on
conveyance is concerned with drainage channels and consists of environmental
agencies, environmental, drainage and highways consultants. Drainage channels
account for a large proportion of channels designed in the UK and river software
packages such as ISIS or HEC-RAS are not generally used, with MicroDrainage being
one of the most common tools.

The academic community also use concepts in conveyance estimation for teaching and
research, but would not be classed as an end user in the practical sense.  However, it
will be essential to engage the needs, and obtain the support, of the academic
community for delivery of the benefits of the Targeted and Strategic Research
Programmes in the long term since they influence the education and training of future
practising engineers.

It is likely that the needs of the international flood defence community for reducing
uncertainty on conveyance estimation will follow closely the needs identified within the
UK from the consultation in this project.  It will be seen in Section 4 below, that
standard commercial hydraulic river modelling software does not in general use the
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results of the latest research advances. Thus, an additional benefit of the implementation
of the targeted programme will be for the UK to provide a lead in this area of simulation
modelling technology. However, the scoping study has not considered explicitly the
needs of users outside the UK.



R & D TECHNICAL REPORT TO DEFRA / ENVIRONMENT AGENCY Page 9

3 CONCEPTS

3.1 Conveyance

3.1.1 Definition of conveyance

Conveyance is a quantitative measure of the discharge capacity of a watercourse.   It
relates total discharge to a measure of the gradient or slope of the channel.  Original
definitions of conveyance assumed uniform flow (with no spatial or temporal variation)
in regularly shaped channels with constant gradient.    The definition is

Q = K s ½ (1)

where K (m3/s) is the conveyance, Q (m3/s) is the discharge and s (m/m) is the common
uniform gradient.  In this idealisation there is no ambiguity about the slope since the
water surface slope, the bed slope and the so-called “energy” or “friction” slope all
coincide.

For non-uniform geometry, local variations in the section shape influence the water
velocity and therefore the balance between the potential and kinetic energy of the flow,
the specific energy, E (m) of the flow is commonly defined by:

E = h + U2/2g (2)

where g (m/s2) is the acceleration due to gravity, h (m) is the water surface level of the
flow,  and  U (m/s) is the section average velocity.   In this case the slope to be used in
the definition of conveyance is the magnitude of the gradient, sf, in the downstream (x-)
direction of the specific energy

sf  = -dE/dx (3)

3.1.2 Link to mean boundary shear stress

For a rigid-bed, straight, uniform channel, the rate of “loss” of specific energy is caused
by the resistance of the flow boundaries.  For this idealised case, dimensional analysis
relates the mean boundary shear stress, τ, to the primary flow velocity, U, and density,
ρ, by

τ = ρ U2 Φ(Re, shape, boundary-texture) (4)

In the general function Φ, Re is the Reynolds number of the flow and shape
incorporates the dependence of the mean stress on the geometry of the section shape for
a given flow area.  The boundary-texture parameter(s) characterise the retarding nature
of the boundaries, usually captured as a single parameter according to the precise
formula being used (e.g. Manning’s n).  The mean boundary shear stress is defined from
integrating the actual stress distribution around the wetted perimeter.  The resistive
force F for length X of channel is given by

F = τ P X (5)

where P is the wetted perimeter.  This may be put into a force-momentum balance for
the channel to relate the channel gradient to provide the relation between boundary
shear stress and slope.

τ = ρg R s (6)
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where R = A / P is the hydraulic radius and A is the flow area.  By eliminating τ from
Equations (6) and (4) we obtain

U =  (g R s)½ Φ-½ (7)

Which, since Q = AU by definition provides the link to conveyance as defined in
Equation (1) with

K = A (g R)½ Φ -½ (8)

Individual formulae for conveyance are based upon empirical relationships for the
resistance function Φ for particular section geometries.  For rough turbulent flow these
are independent of the Reynolds’ number, but there is dependence on velocity through
the Reynolds’ number for laminar, transitional and smooth-turbulent flow.

Boundary shear stress is a key physical parameter in 2-D and 3-D models.  In these
applications, it is evaluated in a similar fashion to the mean shear stress above, except
that it treated as a local property without the influence of the section average shape
factor.

3.1.3 Factors influencing conveyance

For flows in anything other than a straight uniform rigid bed channel other factors
influence the conveyance.  These include (in no relative order of importance):
• detailed cross-section geometry
• unsteadiness in time
• plan form induced rotations (secondary currents)
• effects of section variation in the downstream direction
• gross lateral variations in flow velocity in different section zones (lateral shear

layers)
• resistance effects of vegetation
• large-scale features on the river bed (boulders, debris, dunes, riffles)
• force needed for sediment transport.

3.1.4 Methods for estimating conveyance

Current methods for estimating conveyance are built primarily around a steady flow
friction law such as Manning’s Equation developed in the 1880’s, applied on a section
by section basis, coupled to adjustment factors for the complexities of real life.  Thus
we have

K = A R2/3 / n (9)

from which the function Φ in Equation (8) can be deduced by comparison of the two
formulae.  The Manning’s n roughness coefficient has been the subject of extensive
research and publication in the engineering literature, relating its value to the nature of
the river channel and the factors listed above which influence conveyance.  Other
equations are in use such as the semi-theoretical Colebrook-White equation developed
originally for pipe flow and Chezy’s equation which predated Manning’s equation by
about 100 years.  Much technical analysis of channel resistance and conveyance has
been written in terms of the Darcy friction factor (denoted by the symbol, f or by λ).
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3.2 Uncertainties

3.2.1 Factors which influence uncertainty

At this point, it probably helpful to consider the differences between accuracy, error and
uncertainty:
• Accuracy deals with the precision to which measurement or calculation is carried

out; potentially, accuracy can be improved by better technology.
• Errors are mistaken calculations or measurements with quantifiable and

predictable differences
• Uncertainty arises principally from lack of knowledge or of ability to measure or

to calculate which gives rise to potential differences between assessment of some
factor and its “true” value.

There are several contributions to uncertainty in the estimation of conveyance, the
principal ones being:
• “process” uncertainty which arises from the selection and approximation of

physical processes and from parameterisation made in the definition of
conveyance

• representation uncertainty from the density of the discrete survey points and
interpolation rules between survey points, i.e. the difference between the profile of
the river and of the physical features on the flood plain as represented in the
calculations and the river in “real” life.

• data uncertainty from the limitations of the survey methods used
• uncertainties arising from parameter estimation – particularly the experience and

expertise of the modellers who set up and calibrate computational models of river
flows

• uncertainties from the model calculation methods, approximations and rules;
these are the domain of traditional numerical analysis, and

• uncertainty from seasonal variations in vegetation, temperature etc.

The estimation of uncertainty is an active area of research in the flood defence sector,
particularly so in flood forecasting and estimation, see for example, Aronica et al (1998)
and Romanowicz & Beven (1998).  Specifically in the context of flood level estimation,
there have been investigations of some of these sources of uncertainty either
individually or in combination, see for example, Burnham & Davis (1990), Defalque et
al (1993), Samuels (1990, 1995) and Yang & Kung (1994).

However, a full framework for the combination of all these sources of uncertainty and
other important uncertainties such as flood discharge estimation still needs to be
established.  A desirable outcome of the uncertainty estimation would be to give an
expected range of uncertainty (e.g. as measured by the standard deviation of the
process) together with an estimate of the upper bound.

3.2.2 Tolerance of uncertainty, its consequences and management of risk

A separate issue on uncertainty is the tolerability of uncertainty in the end use of the
conveyance estimations.  It is possible that for some uses a greater degree of uncertainty
is permissible enabling simpler methods to be used, less field data to be gathered or less
intensive calibration of the parameters.  Hence, in parallel with the framework for the
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estimation of uncertainty, there should be an assessment of the resilience of the usages
of conveyance estimation to uncertainties in the results.  This will facilitate the
identification of the return on investment of effort and resources in reducing uncertainty
in conveyance estimation in different contexts.

The effects of uncertainty in the estimation of conveyance differ with the various
business sectors of the Agency.  The potential consequences of uncertainty and typical
current methods of mitigation for the uncertainty are listed in Table 3.1 below.  The
potential economic benefits of the use of improved methods will come from altering the
mitigation strategies as the degree of uncertainty is reduced.  The sensitivity of project
decisions to uncertainty in conveyance estimation also needs to be established.
Strategic decisions made early in the project life cycle can have far reaching
consequences and it is at this early stage that uncertainties in information and data are
greatest.

There is a close relationship between uncertainty and risk in that the greater the
uncertainty the greater the probability of the project or maintenance activity of not
achieving its objective.  This is linked to the confidence on the performance of the
scheme or process to meet its intended objectives.  Thus, optimisation of performance
and the confidence with which performance can be delivered is linked inexorably with
understanding and controlling uncertainty.

Table 3.1 Potential consequences of uncertainty

Agency
Function Consequence of uncertainty Typical current

mitigation strategy

Flood defence
design

Under capacity of defences leading to potential
failure below the design standard or over capacity
potentially leading to morphological problems or
lower economic return than planned;
Over estimation of capacity of defences leading to
lack of implementation of schemes due to excessive
cost.

Undertake
sensitivity
analyses and add a
freeboard to allow
for under capacity

Real time
forecasting

Under- (over-) estimation of lead times, inexact
inundation extent, and incorrect retention times of
floods.

Implement real-
time updating
procedures

Hydrometry -
Rating curve
extension

Incorrect discharges with potentially large errors,
influences flood forecasting and statistical
estimation of flood flows for design, impacts upon
cost-benefit assessment and decisions to promote
flood defence schemes.

See above

Maintenance
Inadequate or excessive maintenance activities,
possibly unnecessary disruption to aquatic and
riparian habitats or insufficient capacity of the
watercourse leading to increased flood risk.

Maintain to a
defined
programme

Regulation

Indicative Flood Mapping (IFM) in error –
inadequate tool for planning and information on
possible flood risk, inadequate (or over necessary)
development control, loss of professional and
public confidence in the Agency’s technical
abilities.

Give “health
warnings” on use
of IFM
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3.3 Conceptual Framework

The Environment Agency business sectors which use, or potentially could use
conveyance estimation are described in Section 2 above.  Principally these uses are:
1. strategic land-use planning for the effects of future development, land-use change

and climate change impacts together with any flood defence works through the
Catchment Flood Management Planning initiative.

2. the identification of the flood plain (as in the Section 105 surveys)
3. design of flood defence works (e.g. in the delivery of the NCP)
4. assessing the effects of maintenance activities
5. the extension of rating curves at gauging stations
6. real-time flood forecasting of the areas of inundation.

The usage of conveyance or shear stress estimation in these functions is
• in 1-D modelling to support engineering design and flood limit prediction by

Agency staff and through consultants (potentially all of 1 to 6)
• in hand calculation (principally in feasibility studies in 1, and in 4 and 5)
• in 2-D modelling (potentially in 1, 2, 3 and possibly 5 - but most likely through

the use of consultants rather than by Agency staff)
• in 3-D modelling (potentially in 3 and 5 in the vicinity of structures, again most

likely through the use of specialist consultants).

Figure 3.1 provides a “map” of the conceptual framework, linking the uses of
conveyance through models and calculation methods to the physical parameters and
process which influence conveyance.
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4 CURRENT POSITION IN PRACTICE AND KNOWLEDGE

4.1 Approach to consultation

From its outset, this scoping study involved an interaction with the academic and user
communities in the UK.  The consultation was designed to investigate current practices
related to river flood conveyance estimation and establish the state of knowledge.  The
consultation comprised:
• a targeted questionnaire
• a project workshop with an invited participant list and
• a open workshop organised through the EPSRC network on flood conveyance.

Information on current practice was also drawn from specialist review papers, which
were commissioned to summarise the state-of-the art on research and applications
related to flood conveyance. These papers are described in Section 4.3 below and are
reproduced in a separate annex.  The review papers have also been posted on the
Network Internet web site (http://ncrfs.civil.gla.ac.uk).

4.2 Questionnaire

4.2.1 General

A questionnaire on estimating flow capacity of rivers was produced as part of the
information-gathering exercise undertaken for the Scoping Study (see Appendix 1). In
order to maximise the reply rate within the short time allocated for the questionnaire
survey, it was decided to actively seek responses from the interested parties. These
were:
• Key Agency’s staff in the National Flood Warning Centre, in the North West

Region (where river modelling capabilities are available) and in other Regions;
• The Agency’s Framework S.105 Consultants;
• The Agency’s NCPM Framework Consultants;
• Industrial and academic members of the EPSRC Network on Conveyance in River

Flood plain Systems;
• Members of the IAHR Rivers List (International Association of Hydraulic

Engineering and Research);
• Members of CIWEM River and Coastal Group; and
• Others on a responsive basis.

The questionnaire was therefore made available through
• the web site of the EPSRC Network (http://ncrfs.civil.gla.ac.uk),
• the email network set up by IAHR for communication and dissemination of ideas

among professionals involved in river engineering (rivers-list@iahr.org), and
• a pre-arranged mailing to the CIWEM River and Coastal Group.

The contacts with the Agency’s Framework consultants were mostly made through the
leading consultant in each sector of work but consultants/researchers with experience in
river modelling were also individually contacted.
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A list of the organisations and individuals who sent questionnaire replies is given in
Appendix 1.

4.2.2 Results
The questionnaire produced 26 replies and very a high response rate, with 85% of those
individually targeted providing a completed questionnaire. The lack of response in the
other 15% of cases was mainly due to the absence of direct modelling involvement by
these individuals in recent years.

The questionnaire was composed of five main questions or subjects:

• Question 1: Methods used for river modelling
• Question 2: Use of hand calculations
• Question 3: Determination of flow resistance
• Question 4: Use of recent methods for flow conveyance
• Question 5: Consideration of different parameters separately.

There was also scope for comments on information/tools that would be helpful to
improve estimations of river capacity.

The graphs shown in Appendix 2 illustrate the distribution of replies received for the
five questions. It should be noted that in several cases multiple responses were obtained
to the same question, e.g. two different software packages are sometimes used by the
same modeller/organisation.

Question 1 - Methods used for river modelling
Commercial software (as opposed to software developed in-house) accounts for the
great majority of software used, with ISIS and HECRAS being the most common
packages. Comparisons of the results using other software/methods are carried out
sometimes by most of the river engineers surveyed.

Question 2 - Use of hand calculations
The replies indicated that hand calculations are still being used, particularly as spot
checks of the results obtained using software. However, about 1/5 of the replies showed
that hand calculations were never used.

Question 3 - Determination of flow resistance
Several methods (and often a combination of methods) are used for the determination of
the roughness coefficient. The modellers rely preferably on their own experience but
tables and photographs in textbooks were also found to be an important source of
information. Other sources were also mentioned, such as HR Wallingford research
reports by Hollinrake (1993) and Fisher (1996), as well as information from previous
model calibrations.
The survey showed that most of the river modellers contacted placed medium-high
confidence on their estimates of the roughness coefficient but a significant proportion
(30%) have low confidence.

Approximately 50% of the replies indicated that sensitivity testing was carried out on
the roughness value for all studies and a further 38% indicated that such an analysis was
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carried out frequently. The most common range of roughness selected for the sensitivity
testing was ±20%.

Question 4 - Use of recent methods for flow conveyance
A small proportion of the modellers surveyed used methods that have been recently
developed, such as James & Wark, and Ackers from the results of the Flood Channel
Facility phases A and B experiments.  Other methods mentioned were: methods by
Knight et al, Lotter, Pavlovskii; methods specifically for high sediment concentrations
and high roughness; the divided channel method.

Question 5 - Consideration of different parameters separately
Approximately one third of the modellers considered the effects of vegetation growth
separately from other parameters.  However, this was done in some cases not for design
conditions but instead as either part of the sensitivity testing on the roughness
coefficient or as a response to a specific requirement.  A number of other different
parameters were also considered separately: river maintenance, sediment, structures,
river morphology (bends and meanders), presence of debris in torrential flows, flow
depth effects, Reynolds numbers effects, and dynamic wetting and drying in 2D models.

Other information / tools that would help improve estimations of flow conveyance
In the free form response area of the questionnaire the following suggestions were made
on the information and tools that would assist the respondents in estimating
conveyance:
• summary of different methods of estimating conveyance and their limitations;
• range of conveyance methods in standard software, including guidance on choice

of algorithms;
• 2-D modelling;
• expert systems allowing user input of various parameters;
• a “simple” formulation for compound channels;
• more comprehensive database of channel roughness coefficients specifically for

UK rivers (e.g. manual, web site);
• more experimental data;
• modelling of hydraulic structures (e.g. flap gates);
• modelling of culvert flow;
• methods appropriate for steep catchments;
• methods applicable to lowland pumped and gravity drainage channels;
• links between Manning’s n and ks values;
• better field data, made available for validation of recent methods;
• guidance on sensitivity analysis and on uncertainty in estimations and after

calibration;
• authoritative guidance on out-of-bank modelling;
• guidance on “achievable” roughness values/conveyance taking into account

maintenance cycles and other effects such as blockages.
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Other comments
The following other comments were also made by the respondents:

• A distinction should be made between “historic” or “real time” conveyance and
“design” conveyance.

• A more realistic definition of roughness in 1-D models should be developed
separating the various resistance parameters. In addition, consideration should be
given to the influence of flow variations (low flows in particular) on Manning’s n.

• An overall view of uncertainty in flood conveyance is necessary as it is a result of
uncertainty in many parameters, not just roughness: discharge, changes in cross-
section, instability of quasi-critical flow (particularly in small creeks and torrential
rivers).

• Consideration should be given to producing a handbook of roughness
characteristics for the British Isles.

• The considerable amount of academic research on two-stage channels has not
resulted in useful implementations into proprietary software.

• Training courses at intermediate level, rather than the existing basic level, are
required.

• Budgets allocated to consultants for Environment Agency river modelling
generally impose severe limitations on the sensitivity testing into seasonality of
vegetation.

4.3 Establishing the Science / Engineering /Technology base (SET)

4.3.1 Review Papers

Experts were invited to produce review papers on six topics summarising the state-of-
the-art in various aspects of river flood conveyance. This section gives a brief summary
of the key messages from the six papers and the full papers are presented in a separate
Annex volume.

Topic Authors
The Role of Experimental and Field Data Professor Alan Ervine
Data held by the Environment Agency Dr Chris Whitlow
Parameters affecting conveyance (vegetation) Karen Fisher & Dr Hugh Dawson
Conveyance in 1-D river models Professor Donald Knight
Conveyance implications for 2-D and 3-D
modelling

Dr Nigel Wright

The use of remote sensing in river flood
estimation

Drs Paul Bates, Matthew Horritt,
David Mason and David Cobby

The Authors of the review papers were asked to consider issues under the following
headings, where appropriate for the topic of their contribution:
• Basis of calculation or data collection
• Key advances in knowledge, scope of data or approach since about 1985
• Location, archiving and dissemination of knowledge or data
• Data or resource requirements to undertake calculations in practice
• Extent of uncertainties in currently used and latest methods or data



R & D TECHNICAL REPORT TO DEFRA / ENVIRONMENT AGENCY Page 18

• Current research and development in progress (including dissemination of
knowledge)

• Further research and development required to reduce uncertainty.

The Authors were asked to use their expert knowledge of the topic area in preparing the
review, but also to consult with and seek comment from colleagues in the wider
research and professional communities, particularly using the EPSRC Network on
Flood Conveyance.  The review papers were to consider the end-user viewpoint through
consultation on relevant matters with end-users within the EPSRC Network.  The
reviews provided an overall picture of the topic area and formed a good basis on which
to develop the needs for the Targeted and Strategic research programmes.

HR Wallingford has also recently completed a Manual on Sediment Transport &
Alluvial Friction (Bettess, 2001) for DEFRA and the Agency. This was also taken into
account in the development of the recommendations from this Scoping Study.

The next sections present the key messages from the review papers in bullet point form
under each heading.

4.3.2 Key messages on the Role of Experimental and Field Data

• The current database is strong, both in quality and quantity, in terms of small scale
model data; it is more sparse in terms of large-scale model data (particularly the
Flood Channel Facility, FCF, series), and is also sparse in terms of field data. Data
exists for the Rivers Severn and Ribble, which correspond to larger UK rivers
(typically 30m wide). These have bunded flood plains but this may not be
untypical.

• The database shown in the review is however incomplete. A full-scale trawl of
data is required and the resulting database should be located in one site and
mounted on the EPSRC Network web page for general availability to all Network
members. This database should include data over the full range of scales and from
site-specific model studies, and should incorporate Environment Agency data as
reported by Chris Whitlow.

• The resulting database could then be used for example: (1) to enhance the James
& Wark and Ackers methods based on a much wider data set; (2) to compare with
Lateral Distribution Methods; (3) to compare with and to refine 1-D to 3-D
computer models.

• Professor Ervine comments on the need to consider retaining the Flood Channel
Facility at HR Wallingford and suggests planning a managed programme of
research designed to address outstanding issues.  (The issues will arise from the
recommendations of the Scoping Study after an appraisal of the principal
contributory factors to uncertainty in flood conveyance.) Any such experimental
programme should dovetail with a new field measurement programme, and would
consist of a number of strands.  These could include, vegetation and roughness
issues (including the development of a new breed of friction factors),
benchmarking tests for computer models and a third strand involving more
detailed tests for head losses at hydraulic structures. Ervine comments that such a
programme may take of the order of 5 to 10 years to complete.
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• The review also highlights the importance of a UK field-testing programme. The
data we have now is mainly for idealised models. Any existing field data is either
incomplete or unreliable.

The role of sediment transport, deposition, self-formed channels and channel stability is
an important area needing further research, building upon the knowledge and
understanding gained with the use of the EPSRC flood channel facility Phase C
programme. It is recommended to consider this research in collaboration with the
existing EPSRC Geomorphology Network.

It is considered that the completion of the database of Experimental and Field data is
achievable within the Targeted Programme and it will enhance the information available
for testing and validating the Improved Methods of the Targeted Programme.  Thus, the
compilation of existing data is an early action of the Targeted Programme and a
continuing high priority is given to data acquisition in the Strategic Programme.

4.3.3 Key messages on Data Held by the Environment Agency

• The objective of this paper was to identify data acquired for computational model
studies commissioned by the Environment Agency which could be of use in
validating alternative conveyance formulations.

• Prior to the current round of flood risk mapping, river models and data were not
usually geo-referenced or located, and therefore are of limited value since plan
form is of crucial importance to the evaluation of alternative conveyance
formulations.

• In June 1999, the Environment Agency commenced a three-year programme to
systematically determine the fluvial and tidal flood risk maps for main rivers and
ordinary watercourses in England and Wales which are subject to development
pressure. The project involves the acquisition of survey data where required,
which is geo-referenced. Each commission involves the assessment of gauge data
within the study catchment and FSR or FEH rainfall/runoff analysis, thereby
providing boundary inflow data.

• A list of models which could be further investigated for suitability is listed.
(Subsequently the Agency has initiated the screening and compilation of
information generated in the S105 mapping process.)

In the context of model-study related data sets, the Agency’s National Flood Risk
Mapping Programme team (based in Warrington) has excellent knowledge of the range
quality and accessibility of data held by the Agency.  It is considered that the
completion of the database of hydraulic model data sets is achievable within the
Targeted Programme and it will enhance the information available for testing and
validating the Improved Methods of the Targeted Programme. The Warrington centre
will play an important part in the collation of the data sets and could be a natural home
within the organisation for the long-term maintenance and custody of the database.

4.3.4 Key messages on Parameters affecting Conveyance (inc. Vegetation)

The paper by Fisher & Dawson (See the Annex) covers vegetation in-channel, along
channel edges, along the berm and on the flood plain including hedges and trees (these
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and other physical barriers have a significant role in breaking up flow conveyance).
The key issues are as follows:

• Methods traditionally used to estimate roughness include photographic and
tabular methods, but a range of more quantitative assessments is also available.

• The experience of the authors is that the more qualitative methods (for example
the tabulation in Chow’s (1959) textbook) are used more frequently that any
quantitative methods.

• Many of the methods for determining the impact of vegetation on the roughness
of the channel are based on data collected on a particular river over one season or
a number of seasons.  Much of this data is valuable in allowing us to recognise the
large variations in roughness which vegetation can cause, but does not provide
general relationships.

• Extensive tests undertaken on grass cover Ree (1949), Ree and Palmer (1949)
resulted in a Handbook of channel design, US Soil Conservation Service, (1954).
The result of the work has been to define a series of relationships between
Manning’s n and the product VR, where V is the mean flow velocity and R is the
hydraulic radius.  The relationship is expressed as a family of curves, each curve
defining the other principal variable, the physical characteristic of the vegetation.
Sound results are cited.

• Kouwen and others (1973,1981) have attempted to extend the USDA method for
grass-lined channels by introducing a parameter to represent vegetation stiffness.
Kouwen and Unny (1973) carried out flume experiments to study flow over
flexible vegetation. Analysis of the experimental results revealed a good
relationship between friction factor and relative roughness. Kouwen et al (1981)
indicated that the empirical n-VR method used for design cannot be used to
extrapolate experimental data to any arbitrary slope or be used when the
vegetation is short and stiff.  Kouwen, Li and Simons (1981) present a modified
method which is also applicable to low slopes.

• Klassen and Van Der Zwaard (1974) carried out laboratory experiments to
investigate the effect of orchards and hedges which were not submerged by the
flow on the roughness coefficient of vegetated flood berms.  Klassen and Van Urk
(1985) extended this work by investigating the resistance of drowned hedges.

• Since 1985 a number of empirical studies have been undertaken investigating the
impact of vegetation on roughness values which confirm that there is a
relationship between roughness, the amount of vegetation and the product of
velocity and hydraulic radius (VR). This product may be viewed as a Reynolds’
Number (See Section 3.1.2 above), which is defined by Re = ρVR/µ, since the
fluid properties of density, ρ, and viscosity, µ can be assumed to be approximately
constant.

• While these empirical relationships or equations based on correlation between n
and VR could be coded into existing models, they are not ideal in that velocity is
calculated using a coefficient which itself depends on the velocity.  The same
values of VR may be obtained from different values of V and R and the
relationship is not independent of slope. It is not clear that the roughness should
be the same for a rapid, shallow partly submerged flow and a slow, deep
completely submerged flow, which have the same VR product.
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• Recent research and associated papers have taken a different approach from
producing a n-VR relationship by determining the drag coefficient of the
vegetation and converting that into a roughness value.  However, this more
analytical local view of resistance may not capture the reach-scale effects of
substantial physical features such as hedges, which break up conveyance “routes”
on the flood plain.

• In conclusion, although much literature exists based on n-VR relationships, the
application of this knowledge is not easy.  It is not obvious from the review
whether this existing, diffuse knowledge base and approach provide a practical
and advantageous way forward in the short term towards improving conveyance
estimation in relation to vegetation. An attractive, alternative approach, which
would yield such dividends, is the production of a UK version photographic and
tabular guides produced in other countries (e.g. by Chow (1959) and Barnes
(1967)).

The estimation of river roughness is at the heart of the process of conveyance estimation
and it is clear that significant benefit can be achieved through an informed synthesis of
existing information.  Thus, the Targeted Programme includes significant actions on
compiling information on river roughness and providing a means of accessing this
through a Roughness Advisor.  A programme for further research and investigation is
proposed for the longer term.

4.3.5 Key messages on Conveyance in 1-D River Models

• Professor Knight’s expert paper distinguishes between:
1. ‘global’ roughness coefficients representing resistance for a whole cross

section;
2. ‘zonal’ roughness coefficients representing the roughness of a sub-area of the

cross section such as the main channel or a flood plain; and
3. ‘local’ roughness coefficients representing the local roughness of  a ‘unit strip’

of boundary material.

• Following this reasoning, the scale of the conveyance calculation also needs to be
considered, with the conveyance being seen as representative of
1. a river section (as in the case of most existing methods and models),
2. the sub-reach scale from the computational “cell” formed by two adjacent

cross-sections to average properties of larger aggregations of sections
covering a physio-graphic unit such as a meander , and

3. a longer reach-scale, typically 5 to 10 km of several meanders with man-made
linear features (flood defence banks, roads etc), washlands and structures
(bridges, sluices, weirs etc).

All these involve implicit integration of different processes into the computation
of conveyance and resistance factors.  Above these scales, there is the broad-scale
of the whole catchment, which is covered by the DEFRA-Agency Broad Scale
Modelling R&D initiative.

• The stage-discharge method in most 1-D river modelling packages is based on a
version of the ‘divided channel method’ (DCM). These implementations assume
quasi-straight reaches and do not include any lateral momentum transfer effects.
For example, ISIS uses a method which is a variation of Lotter’s original method
(1933). Conveyance as in most models is tabulated and derived during simulation
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from look-up tables. Both aspects can give rise to errors and need care in
application.

• Five improved categories of DCM are described. Though a particular approach
may perform well in given circumstances this does not imply that it is soundly
based and therefore a reliable method to use generally.

• The coherence method (COHM) of Ackers is well established for compound
channels with deviations of up to 10 degrees between main channel and flood
plain alignment. This is however a considerable limitation for natural rivers as
against man-made channels.  The COHM requires an idealisation of the section
geometry as a compound trapezoidal shape.

• The lateral division method (LDM) provides a local 2-D approximation to the
flow distribution at a channel and flood plain cross-section.  It ignores the
secondary flow terms and puts all the diffusion processes into a single ‘catch all’
parameter, the depth-averaged lateral eddy viscosity.

• The Shiono & Knight method (SKM) extends the physical basis of the LDM.  The
channel may be divided into sub-areas and important processes modelled
analytically in each sub-area, using three calibration coefficients concerned with
bed friction, lateral shear and secondary flow.

• In meandering channels streamwise curvature and the flood plain flow shearing
over the flow in the lower meandering main channel provide further
complications. Various methods have been proposed but most have been
developed for in-bank flow and are largely inapplicable to meandering channels
with overbank flood plain flow. Reference is also made in Prof. Knight’s paper to
methods dealing with overbank flow.

• Alternative methods are needed in such packages as ISIS, improving on the
simple formulations, as well as methods suited to over-bank flow such as COHM,
the weighted divided channel method (WDCM - Lambert & Myers 1998), LDM
and SKM.

• Further work proposed by Knight may be grouped under
- a more systematic literature review,
- comparison of the theoretical basis and advantages of methods,
- testing of algorithms against benchmarks,
- development of stage-discharge relationships for different channel shapes

and heterogeneous roughness effects,
- further field and laboratory validation studies,
- impacts of hydraulic structures and vegetation, and
- the effect of reach and section averaging.

The Targeted Programme includes a substantial action on providing a small set of
recommended methods for conveyance estimation based upon the plethora of methods
identified in the review.  The recommended methods will cover the full range of
conditions which are likely to occur in British rivers under normal flows and extreme
floods.
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4.3.6 Key messages on Conveyance Implications for 2-D and 3-D Modelling

For clarity the following definitions of higher dimensional modelling are used in this
topic:

• 2-D models: solution of the 2-D Shallow Water equations with an assumed
velocity profile in the vertical direction, a hydrostatic pressure assumption and no
calculation of vertical velocities.  The use of amendments to 1-D models to
include some account of 2-D effects will not be addressed here as it is
appropriately addressed in the section “Conveyance in 1-D River Models”.

• Layered models: these solve the 2-D Shallow Water equations in a number of
vertical layers (Falconer and Lin 1997).  This allows for the inclusion of some 3-
D effects, but usually still maintains the hydrostatic pressure assumption.

• 3-D models: these models solve the complete momentum equation in all
directions and incorporate the effect of vertical acceleration and velocity on the
other two momentum equations that is neglected by the above.  This approach
requires a model for the position of the free surface.

Key points identified in the review paper by Wright are:

• To construct a 2-D model of an entire river would be time consuming and
unnecessary as 1-D is usually the most appropriate technique.  Rather, 2-D models
should be used in particular reaches where they may give better understanding
than a standard 1-D section and “cell” based approach.

• The finite volume solution method is designed to always conserve mass at each
timestep and throughout a simulation.  A finite element method will only have
true mass conservation once the grid is refined to a level where further refinement
makes no further change to the solution.  In river modelling this level of
refinement may be difficult to achieve with current computational resources and
data density.

• In order to deal with geometrical complexity boundary fitted grids have been
developed for use with finite volumes.

• The issue of wetting and drying is a perennially difficult one for 2-D models.
Most available codes can deal with this phenomenon, but they all compromise
between accuracy and stability.

• In assuming a depth-averaged velocity, 2-D models neglect vertical accelerations,
make no prediction of vertical velocities and do not predict or model the effects of
secondary circulation. There are a number of amendments to 2-D models to take
account of this phenomenon.

• A more accurate, but computationally expensive method, is the layered model
(TELEMAC-3D from EDF and TRIVAST, Falconer and Lin 1997).  This is
mainly suitable for wide bodies of water with significant vertical variations of
velocity, temperature, salinity or other variables in the vertical such as estuaries,
lakes and coastal zones.

• 3-D modelling of river or channel flows is still predominantly a research tool.
Significant investigation and validation needs to be undertaken before its use
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becomes routine.  Further, as with 2-D, it should not be seen as a future alternative
to 1-D modelling, but rather as a complementary tool.

• 1-D and 2-D models calculate the position of the free surface through application
of conservation of mass based on the velocities into and out of a particular cell i.e.
if more enters than exits the surface rises.  3-D models can calculate this level
from conservation of mass and momentum, but at the expense of added
complexity in the algorithms.

• User issues for 3-D code include discretisation errors; the need to refine the mesh
to achieve mesh independence and the difficulties of applying commercial
Computational Fluid Dynamics (CFD) codes aimed at man-made shapes to rivers.

• A programme of further research, particularly into validation, is proposed.

No actions on higher dimensional modelling are proposed in the Targeted Programme
but the Strategic Programme contains several potential topics to improve the technology
and practice of 2-D and 3-D modelling

4.3.7 Key messages on The use of remote sensing in river flood estimation

• Remote sensing has increasingly become an operational tool for enhancing the
availability of data for flood plain environments. Data can currently be obtained
on topography and vegetation properties, and there is potential for producing
inundation extents and surface flow velocity fields.

• Airborne laser altimetry (LiDAR) is now a reasonably standard method for
determining topography at the river reach scale, which is currently being used in a
major data collection exercise by the Environment Agency. LiDAR’s accuracy is
quoted as being of the order of 0.15m in the vertical and 0.40m in the horizontal.

• Remote sensing techniques are capable of determining vegetation properties at a
variety of scales. A national land cover map at 25m resolution with 25 vegetation
classes was produced by the Institute of Terrestrial Ecology (ITE, now Centre for
Ecology and Hydrology, Monks Wood). Vegetation height is readily available
from LiDAR data and can be used for determining vegetation resistance
coefficients.

• With regard to flood inundation extent, Synthetic Aperture Radars (SAR) from
airborne and satellite platforms are the most promising tools due to their high
resolution and all weather, day/night capability. However, they do not currently
capture dynamic flood processes properly and are more accurately regarded as
“snapshots” of inundation extent.

• The paper identifies several research needs for the short and longer terms,
including the  immediate need for friction determination from the ITE vegetation
classification map, where each data set would be associated with a roughness
value or range of values.

Although there are no actions in the Targeted Programme on the use of remotely sensed
data, the development of this technology is a component of the Strategic Programme,
leading to potential implementation in practice within 5 years.
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4.4 R&D in progress

The expert review papers describe several active research groups and themes both in the
UK and internationally.  Whilst this coverage is not complete, it provides a picture of
substantial interest in the area of conveyance estimation and river resistance.  The
research in this area straddles several disciplines, the principal ones being:

• Civil engineering (flood defence engineering and sediment mechanics)

• Mathematics (especially computational fluid dynamics)

• Geography (flood plain, sedimentary and geomorphological processes)

• Biology (aquatic and riparian plants and aquatic ecology)

It is this multi-disciplinary character of the issues in flood conveyance that produces
some barriers to progress, since it implies cross-disciplinary working.  However, it
offers the prospect of substantial progress in practice by integrating and implementing
scientific advances made on several fronts.

Within the major research funders in the UK:

• the managed EPSRC programmes which included research on conveyance have
been closed (the CEWE and FCF initiatives);

• the NERC programme LOCAR is dealing more with catchment scale processes
and field measurement;

• EPSRC and NERC are both open to research proposals submitted through the
responsive mode programmes and funded if successful in the peer review process;

• the need to combine the flood defence research funding by DEFRA and the
Environment Agency within a new management structure following the “Penning-
Rowsell” report has led in the recent past to a temporary slow down in new starts
of research funded in river flood defence and no new work directly related to river
conveyance;

• the Agency has a programme of compilation of information on river reaches under
the River Habitat Survey (RHS) with many of the sites being resurveyed after the
2000-01 winter floods.  The RHS is currently directed at morphological and
ecological descriptors of the sites and does not include engineering level of detail
on measurement of section shape or river flow.  However, the Agency is taking
steps to draw closer its core expertise in river modelling for Flood Defence with
its National Team for the RHS.  The next round of site surveys provides the
opportunity for multi-purpose data acquisition and the needs of conveyance and
roughness estimation should feed into the survey specification so that appropriate
information is collected.

In addition international funding for research is possible through the European
Commission framework programmes.  The current fifth framework programme (FP5)
includes funding under two themes for flooding issues – flood forecasting in the Key
Action line of Water and on hydro-geological hazards under the General Activity on
Risk.  No projects have been commissioned since the start of FP5 which have a specific
focus advancing knowledge on river flood conveyance, although conveyance issues will
be involved in any flood modelling project.  It is understood that three flood-related
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projects have been commissioned in the first two calls for research but no information
on their objectives is readily available.

The expert papers by Professor Ervine and by Fisher and Dawson both list research
projects known to be in progress.  Active UK university research groups include those
listed in Table 4.1 below.

Table 4.1 UK academic research groups

University Topics
Aberdeen Sediment transport
Birmingham Sediment transport, compound channel

conveyance, resistance of vegetation
Bristol Resistance of vegetation, field measurement, 2-

D and 3-D modelling
Exeter Field measurement
Glasgow Sediment transport, field measurement of

floods, 3-D simulation tools
Heriot Watt Computer simulation of sediment transport, 1-

D, 2-D and 3-D modelling
Hertfordshire Resistance of flood plains including hedges
Lancaster Uncertainty, Field measurement of floods, 2-D

modelling
Loughborough 3-D modelling of compound channels
Newcastle Sediment transport and self formed channels
Nottingham 3-D modelling, river morphology
Queen Mary and Westfield
(London)

3-D turbulence modelling

Sheffield Dispersion in compound channels, sediment
transport

Southampton 3-D modelling, sediment transport
Ulster Resistance of compound channels

Internationally, the spread of research in individual universities is likely to be similar to
the UK with the information on personal academic research in progress being diffuse
and extremely difficult to collate from published sources.  However, several of the
academic research groups are known from their UK research contacts; these are listed in
Table 4.2.  In addition, several specialist laboratories and consultancies are undertaking
applied research and development in the area of river modelling and flooding, either as
part of collaborative programmes or for their own commercial objectives.  The list in
Table 4.3 below is probably not complete, but gives an illustration of the organisations
and type of R&D in progress.

An Internet search on various combinations of  “research, floods, rivers, conveyance,
vegetation, resistance and Manning” has not yielded any additional active research



R & D TECHNICAL REPORT TO DEFRA / ENVIRONMENT AGENCY Page 27

groupings to those listed in Tables 4.2 and 4.3.   The only managed programme of
research indicated by this search was at the US Geological Survey which has
undertaken a programme on the hydraulic resistance of vegetation, particularly for the
vegetation in the Everglades.   We are aware that commercial computational models of
river flow are being developed or improved by the major European software providers
(the ISIS JV, DHI, WL-Delft and LNH) but commercial confidentiality restricts the
availability of full details of the actual development programmes.  In the US, the
FLDWAV model has been under development for several years by the NWS, but there
has been no progress since the beta-release in 1997.

Table 4.2 International Academic Research Groups

Country University Topic UK
Collaboration

Australia Adelaide Compound Channels Ulster
Australia Melbourne Sediment Transport and morphology
Australia Queensland Straight compound channel capacity
Belgium UC Louvain 3-D modelling, sediment transport,

compound channels
China Several Sediment transport Birmingham
Germany Aachen Compound channels, 2-D modelling
Germany Karlsruhe Compound channels, river

roughness
Ulster

Germany Kassel Modelling floods in major river
systems

India IIT Kharagpur Flow interactions in meandering
rivers

Italy Bologna 2-D modelling of flood plain flows
Italy Padova Sediment transport
Italy Trento Sediment transport
Japan Several Physical and mathematical

modelling of compound channels
Aberdeen,
Birmingham,
Newcastle,
QMW,
Loughborough,
Heriot-Watt

South
Africa

Witswatersrand Compound channels, vegetation Ulster,
Birmingham,
Glasgow

Spain Zaragosa Mathematical modelling algorithms
Switzerland Lausanne Mathematical modelling of

compound channels
USA Atlanta Flood modelling especially of

Bridges
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The February 2001 evaluation of research proposals in the EC FP5 Key Action on
Water included  a project HarmonIT which is examining protocols for model integration
in the water sector.  Although this research action is directed at modelling to support the
Water Framework Directive, it is possible that it may have influence on the structure of
river modelling codes from Europe.  HarmonIT is being coordinated by CEH
Wallingford.

Under the EC funded IRMA programme there has been many models applied to flood
management in parts of the Rhine and Meuse basins.  The IRMA programme involves
principally organisations in EU Member States which have riparian interests in the
Rhine or Meuse rivers.  The IRMA programme appears to be focussed on developing
and understanding flood mitigation strategies for these basins rather than research into
fundamental river processes.

Table 4.3 Public and private sector research institutes and companies

Country Organisation Research and development area
Denmark DHI Water-Environment Mathematical modelling systems for rivers
EC (Italy) JRC – Ispra Development of 2-D flood plain models
France EDF-LNH Mathematical modelling systems for rivers,

coupling 1-D and 2-D models
Holland WL Delft Hydraulics Mathematical modelling systems for rivers,

coupling models, 2-D inundation of flood
plains

Italy Enel Mathematical modelling systems for rivers
UK CEH (Dorset) River vegetation
UK CEH (Wallingford) 3-D modelling of in-channel flows, generic

modelling structure
UK Halcrow ISIS model development
UK HR Wallingford /

Wallingford Software
ISIS model development, 2-D and 3-D
modelling; InfoWorks - RS

USA US Geological Survey Resistance of vegetation
USA WES Vicksburg Development of river models (HEC series)

4.5 The Consultation Workshops

4.5.1 Workshop 1

The aim of the first workshop was to collect information on current practice and
knowledge on river flow conveyance. This workshop was held at HR Wallingford on
13th March 2001, with attendance by invitation.  The participants in the workshop
represented the key stakeholders in the process, being drawn from the Environment
Agency and its nominated consultants, academic institutions participating in the EPSRC
Network and the project team.

The format of the workshop was an initial presentation of the contents of the expert
review papers by the Authors or a nominee (with the exception of the review paper on
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remote sensing, which was produced at a later stage), followed by two discussion
sessions on the state of knowledge and practice and on the future research needs.
Several of the issues which were identified coincided with those raised in the response
to the questionnaire. In this latter session, the participants were invited to prioritise the
issues raised in certain topic areas.  After the workshop the prioritised lists were each
divided into three groups according to the votes cast by the participants to identify the
most important issues, those of medium importance and others.

The main issues discussed at the First Workshop are summarised in Appendix 3. The
workshop provided an appreciation of the current knowledge and practices and enabled
a first appraisal of options for the Targeted Programme of research.  The participants at
the workshop were asked to identify issues in several categories to inform the later
stages of the scoping study which achieved the most significant rating in each category
are as follows:

Issues in uncertainty
• Modelling methods – variation
• Choice of Manning’s n
• Seasonal variability affecting vegetation
• Lack of adequate calibration data / errors in data
• Variation of parameters along a river reach

Gaps in Knowledge
• Effect of vegetation / hedges / banks / bushes on flow levels and extent of

flooding
• Interaction between the main channel and flood plain
• Comparative benefit of different conveyance methods – validity of methods

Thus, the topics considered as the most significant with potential for early benefit may
be summarised as:
• the systemisation of information on river roughness for use by modellers

including guidance on estimation of Manning’s roughness coefficient;
• selection of method(s) on conveyance for inclusion in 1-D models using open

code (i.e. accessible to third party developers).

The Participants were also invited to consider the outcomes from any Targeted
Programme of research in this area.

Expected Benefits
• Less uncertainty – Greater accuracy
• Fewer floods → smaller insurance premiums; better flood management/warning
• Improved engineering science

The first of these is perhaps more of a reflection of the concern amongst the
practitioners that the degree of confidence they have in assignment of roughness or
conveyance values is less than they would like and that further research should improve
this.   The second point should provide measurable benefit in terms of the outcome of
the research in the Targeted Programme.  The third point indicates potential for long
term benefits.



R & D TECHNICAL REPORT TO DEFRA / ENVIRONMENT AGENCY Page 30

The Participants were also invited to consider potential difficulties in implementing the
outputs from any Targeted Programme of research in this area.  The highest priority
issues identified are as follows.

Barriers to uptake of knowledge
• Lack of understanding / consensus - Lack of confidence in knowledge
• Tradition / risk / inertia
• Time to do project / work coupled to the cost of the project (i.e. budget

constraints)

The first two of these points should be addressed through a professional development
programme, whereas to overcome the issue in the third point will require at least
initially a review of the appropriate resources to use an unfamiliar methodology in
practice.

4.5.2 Workshop 2

The second workshop centred around a discussion of the research topics put forward in
the Interim Report. Workshop 2, which was held at Imperial College on 4th April 2001,
was organised through the EPSRC Network on Flood Conveyance. The aim of this
workshop was to promote discussion mainly among the EPSRC Network members, of
the issues addressed in the Interim Report and to examine the content of the research
programme.  Presentations were made by the Project Team on the proposed Targeted
and Strategic Programmes and several issues were put forward for discussion.  Break-
out groups were then formed, corresponding to the topics addressed in the Review
Papers (except for the paper on Remote Sensing which was produced later).   The
groups were asked to debate the issues identified in the presentations specifically for the
Targeted and the Strategic Programmes and the questions and responses are summarised
for each of the four groups in Appendix 4.  In particular the groups were asked to
identify the most important issues in their area; these are:

Field data instrumentation and collection
• All data collection is important but some evaluation of the worth of different types

of data is needed to enable priorities to be set in relation to costs.  Data collection
needs must recognise differences in channel type, particularly urban and rural
differences.

• A FCF model of a particular site chosen for detailed field studies
• A vehicle for increasing confidence in the application of knowledge gained in the

first series of experiments.

Large scale modelling
• Flood plain flow (to include sub-topic on Roughness)
• Lateral discharges
• Hydraulic structures
• Vegetation both emergent and submerged.

Improving roughness estimation
• Flood plain flow
• Two and three-dimensional modelling to improve understanding of lateral

momentum transfer across vegetated surfaces.
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• An alternative roughness formulation is the ultimate aim: all the others feed into
this.

Computational modelling
• High priority:

Reducing uncertainty in model calibration;
Real-time flood forecasting;
Model validation data;
Validation of 2-D and 3-D computer models.

• Intermediate importance:
Roughness estimation in 3-D computer models.

4.6 Key issues for the Future Targeted Programme

The state of knowledge and practice identified through the expert papers, questionnaire
and Workshops has enabled the key elements for the Targeted Programme to be
developed.  This has been done iteratively.

There are several common themes from the review papers, workshops and questionnaire
responses.  The most important ones, which affect immediate practice in the Agency
and its consultants and the research programme, are presented next. Reference is also
made to the components (T-N) of the Targeted Programme that are proposed to address
these issues (refer to Section 6.3 for a detailed description of these components):

• Standard river modelling software packages rely only on a few methods, which do
not incorporate the latest research findings.  This implies that the scientific basis
of much of the work undertaken for or by the Environment Agency and other
Operating Authorities does not use recent advances in knowledge or
understanding since the methods used in practice were published three to five
decades ago.  This observation is the most telling case for the need for the
Targeted Programme.

• The diffuse distribution of data especially on real cases, which hinders its use in
validation of research methods.  This leads to a need for compilation of this
existing data into a form which can be used to validate methods for
conveyance estimation. The proposed T-1 “Data mining and assembly” will
address this need.

• The urgent need for guidance on the use of the many conveyance calculation
methods available – Professor Knight identified over 20.  Reduction to at most
three or four preferred methods would seem appropriate.  This is addressed
by T-2 “Conveyance estimator”.

• The limited use of 2-D modelling in engineering practice in the UK compared
with Mainland Europe.  Hence, initial improvement in practice can concentrate
on 1-D modelling procedures, with guidance on when higher dimensional
modelling should be considered. This will be covered by T-3 “Testing of
preferred method(s) in 1-D models” and T-8 “Pilot Testing”.

• The diffuse and somewhat conflicting nature of estimation of river roughness and
the retardance of flood plain features, especially for the selection of Manning’s n.
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This leads to the need for an “advisor” on river roughness, which will be
addressed by T-4 “Roughness Review” and T-5 “Roughness Advisor”.

• Lack of appreciation or knowledge of magnitude and relative importance of the
uncertainty inherent in conveyance estimation on the overall objectives for a
project or operation.  This leads to the need for the development of a practical
framework for uncertainty estimation, which can provide a pathway for
inclusion of knowledge and estimation techniques as they are developed. This
need is addressed by T-6 “Conveyance Estimation System and Uncertainty
Estimator”.

• The difference between normal and recognised best modelling practice, which
could be addressed through the preparation of a guidance manual or document
on modelling practice. The proposed T-7 “Conveyance Manual” will cover
this need.

• Lack of understanding by many model users, and those who rely on model
outputs, of the basis of the calculation and assessment techniques for river
conveyance.  This implies a training need if the “Improved Method” is to find
practical implementation and is addressed by T-9 “Professional development
plan”.

• The lack of knowledge of the benefits in terms of improved accuracy which new
conveyance calculation procedures can bring; better knowledge of the benefits
will help establish the business case for future research.

• The Environment Agency is in a position to “force the market” through the use of
both technical specifications and the Framework Consultants to take steps in
implementing new knowledge in best practice and the use of  “Improved
Methods”.

• The need for information on flood plain resistance and the effects of obstructions
at a scale finer than the computational grid, so that the river is modelled within the
real-world context of the flood plain which provides both additional conveyance
as well as storage within retarded zones.

• The probable historic link between past procurement procedures of modelling
services, with its emphasis on cost, and a disincentive to innovate or use new
methods in practice.  However, this has recently been changed through the
introduction of the framework agreements with their long-term commitment
to the development of a partnership approach and improvement in practice
as well as a better appreciation of the contribution that intellectual quality
can bring to engineering design.
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5 OVERVIEW OF THE RESEARCH PROGRAMME

5.1 Our Vision

Our vision for the results of the implementation of the research, which is recommended
in the following sections of this scoping study report, is that:

• there will be a significant advance in the practice of river flood management in the
UK, particularly for water level estimation, leading to a reduction of flood risk
and better targeting of expenditure and

• the application of this knowledge from UK engineering research will have an
international impact through improving the methods available to consultants.

The EPSRC-funded programme of research on the FCF at Wallingford, on university
laboratory flumes and on real rivers has resulted in a step advance in the understanding
of flow phenomena in complex river and flood plain systems. This research constitutes
the leading international effort in rivers research over the last two decades.  This
research is now sufficiently mature for a first generation of results of real benefit to
users and ultimately to the public to be “parachuted down” from peer-reviewed
scientific literature to implementation in practice.

The Targeted Programme (TP), on which funding will be led by the Environment
Agency, is intended to take these advances in knowledge and understanding into
practical application and benefit. Initially the benefits will be in the performance of the
Agency in its various flood defence activities, but the ultimate beneficiary should be the
public at large through better management of flood risks.

At the same time a new Strategic Programme (SP) of research is needed to carry the
work forward and produce in due course an improved second generation of methods
which will bring additional sequential benefits to users.  Funding for this programme is
likely to be led by EPSRC and NERC, but facilitated by the Agency through its
approach to the Research Councils on co-operation in research.  There may also be
possibility for additional collaborative funding from the EC in future framework
programmes and in partnership with other Member States but this depends upon the
detailed content of the work programmes.

This twin track strategy has been confirmed in the Agency-funded Uptake Study as a
key ingredient to bringing the benefits of research into general use.  It is illustrated in
principle in Figure 5.1.

Figure 5.2 illustrates the fit of the TP and SP components and activities into the broader
perspective of modelling scale and end applications.

5.2 Outline Contents of the Targeted and Strategic Programmes of Research

5.2.1 The Targeted Programme

The Targeted Programme is centred around producing a Conveyance Estimation System
(CES) which will encompass, categorise and provide access to current knowledge and
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understanding to facilitate the estimation of conveyance by the various users in the
Agency (See Section 2).

The Targeted Programme will synthesise and integrate existing knowledge and
understanding into a practical framework and guidance rather than promote basic
research to advance this area of engineering science.  The TP is best conceived as
having three main phases:

• Data mining

• Development of the Conveyance Estimation System (CES)

• Implementation.

The Targeted Programme is directed at producing the CES and contains other
components to provide background information for the CES and to support its uptake in
practice.  In all nine technical tasks have been identified together with project
management and integration component. The technical tasks are described in detail in
Chapter 6.  The principal outputs of the TP will be:

• The Conveyance Estimation System including:
 A Roughness Advisor
 A Conveyance Estimator
 An Uncertainty Estimator

• A guidance manual

• Professional development and training material.

The Targeted Programme will support the estimation of conveyance at the section and
sub-reach scales (See Section 4.3.5 for definition).

5.2.2 The Strategic Programme

The strategic programme of research is designed to address the research needs identified
in the scoping study and consultation, particularly within the Conveyance Network. The
potential research topics have been collected under the following headings:

• Local Scale Conveyance, which regards the estimation of cross-section
conveyance as applied to one-dimensional hydrodynamic models;

• Natural and Man-made Influences at River and Flood Plain Scale, which covers
the modelling and prediction of river flood flows at a reach scale as affected by
natural and man-made features;  

• Higher Dimensional Modelling (two-dimensional, quasi-three-dimensional and
three-dimensional modelling) carried out to represent specific local conditions;

• Data Collection, which is a cross cutting theme required to support the other
principal research areas.

The Strategic programme comprises 19 topics organised around the above themes and is
described in detail in Section 7.  Ideally the SP should commence simultaneously with
the TP and will address the many research needs to advance understanding of river and
flood plain systems.  The Strategic Programme should lead to the eventual delivery of
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second generation methods to users, which could be incorporated into the CES as the
research is validated. The time-scale is likely to be at least three to five years or possibly
longer.  The timing of the SP, however, will be determined by the submission of high
quality research proposals and the funding cycle of the Research Councils.  It is the
intention that the Strategic Research Programme will provide benefits in the longer term
to the Agency, its Framework Consultants, the Research Councils and members of the
EPSRC Conveyance and Morphology Networks.

5.3 Overall Benefits

The benefits of the implementation of the output of the Targeted Programme of research
should arise from increased reliability in the performance of a flood defence project,
warning system or maintenance programme.  In this context, performance is taken to be
the delivery of the intended benefits of the “works”.  Performance may not be achieved
for several reasons, including:

• adverse outcome of the uncertainties in the design or assessment procedure;

• uncertainties in construction;

• inadequate maintenance;

• human failure etc.

In particular, if in a capital scheme or a flood warning system the river has a lower
capacity than assumed then there is likely to be more property damage from flooding.
The benefits of assessing the correct conveyance are the damages avoided.  On the other
hand, if an assessment of conveyance is too low, then works can be carried out where
none are in fact needed to achieve a given standard of service, or new works provide a
greater capacity than can be justified.  In such cases, the benefits of using the correct
conveyance are a reduction in capital cost.  Such arguments apply with, if anything,
even greater force to Catchment Flood Management Plans where the consequences of
error in water level estimation may extend over a capital programme for a whole
catchment spanning many years.

Whilst the above relate to capital works and risk to property assets, a similar situation
exists with maintenance work.  Too little maintenance, allowing the conveyance to fall,
can lead to frequent flooding, whilst too much is a waste of resources and may have an
unnecessarily adverse environmental influence.  It is thus clear that water level
estimation, of which conveyance estimation is a key component, is central to and
underpins the whole flood defence cycle of planning, implementation and maintenance.

A rough estimate of the benefits for the Targeted Programme may be derived from
considering the current expenditure in the flood defence sector as follows:

Annual capital spend on river flood defences, say £50 million
Saving say 2.5% £1.25 million
NPV, say £12.5 million
Annual maintenance costs at say 5% of capital cost £2.5 million
Saving say 2.5% £62.5 k
NPV, say £625 k
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Total NPV £13 million

Total estimated cost of Targeted Programme including
training and uptake  £400 – 600 k
Benefit /cost ratio 25:1

The overall cost of the Targeted Programme will be subject to detailed planning and
negotiation with the consortium that will carry it out.  Estimates of costs for the
individual sub-components of the TP are given in the tables in Section 6.4.  Each of
these figures is an upper estimate, indicating a ceiling for the Targeted Programme of
approximately £570k.

The total cost of the Targeted Programme assumes the following items: 6 man-months
of technical and scientific direction from HR Wallingford; 4.5 man-months of academic
advice; 8.5 man-months of external consultancy advice; 36 man-months from two
research assistants and one technician; 5 man-months project management and
approximately 15% of total cost for travel and other expenses.

Similar incremental improvements achievable from a Strategic Programme of say £3-5
million over 3-5 years would give a benefit/cost ratio of about 4:1.  The benefits from
the SP will be delivered through:

• improved co-ordination of research effort;

• strategic partnerships in research funding between the Agency, DEFRA and the
Research Councils;

• partnerships in the dissemination of research outcomes through the development
of appropriate software, design handbooks, research reports and training
provision.

Although firm estimates of the benefits to be obtained are difficult to quantify for either
the implementation of existing research advances through the TP or of the SP, the broad
estimates above indicate that both are justified.

5.4 Optimisation of the Targeted and Strategic Programme Components

Figure 5.1 shows the TP producing the first generation Conveyance Estimation System
(CES) within a time-scale of 12 to18 months.  This will aim at an outcome of having the
CES taken up by all Agency and other Flood Defence Operating Authorities both in-
house and external. To this end some of the key characteristics and factors will be:

• It will consist of an integrated system of Manuals, Roughness Advisor and
Conveyance Estimator, sitting within the Conveyance Estimation System;

• These will be structured to allow each user community to obtain the outputs
which it needs as simply as possible;

• It will be very important that the TP is fully tied in with related programmes, for
instance, the Section 105 surveys;
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• In software terms it will be based on a spreadsheet front end which is familiar to a
wide range of practitioners, with a conveyance generator behind it;

• The CES will include an uncertainty estimator;

• The CES will facilitate initial estimating of Manning’s n values for use in
commercial 1- D river models, and the calibration of such models;

• Although outside the direct scope of the TP, the EPSRC funded project to produce
an “open” version of ISIS will facilitate the inclusion of the new methods in such
commercial models. This is a vital ingredient in the vision.

The inter-relation of the various programme components is illustrated in Figure 5.3 (a)
& (b) and Figure 5.4 is a bar chart for the Targeted Programme.  It is not possible to
give a bar chart for the Strategic Programme since the timing of projects will depend
upon the Research Council deadlines and peer review process.

The Conveyance Estimation System to be produced under the Targeted Programme has
been designed and structured to satisfy the needs of the user communities.  Each of the
components of the programme responds to a need identified in the consultation at the
outset of this Scoping Study (See Section 4.6).  In developing the Targeted Programme
for the CES, as described below, consideration has been given to a high-level of
software packaging versus the downside in terms of complexity of software and
associated development risk and cost.  Thus in the Roughness Advisor it is proposed to
keep the system to a simple dual paper and computer implementation in its first issue
and avoid over-ambitious software development.  No expert system or other advanced
algorithms will be used other than the “key layer”. Similarly, a simple, manual, import-
export transfer of roughness values between Roughness Advisor and Conveyance
Estimator is proposed.  This will not only keep the software simple but will also permit
expert manual intervention in the selection of roughness values.

No further experimental data gathering is in general proposed under the Targeted
Programme, as the time-scale and cost for this is more appropriate to the Strategic
Programme. The only exception is in the case of the Roughness Review. In this sub-
component it is proposed to fill in crucial gaps in the data if obvious omissions in
vegetation morpho-type data are found from the initial data review.  Unit roughness
values underpin the whole project and this exception is fully justified.  It is anticipated
that measurements will be made quickly and easily at existing gauging sites.

5.5 Data

All research needs to be validated in practice before it can achieve broad acceptance and
confident implementation.  Validation of conveyance estimation methods will require
data from a range of rivers and experimental facilities – in terms of size, capacity and
resistance types – so that practical algorithms can be developed and tested based upon
the more simplified research methods.  One of the activities of the Targeted Programme
is to assemble and “mine” existing data sets, to obtain such validation data broadly
across the country.  A particular emphasis in this exercise will be the collation of
verified field data collected for the Section 105 survey studies and for detailed
modelling in the capital works programme.  In these areas, the Targeted Programme
must be carried out with close liaison with the Agency S105 Framework Consultants
and the Technical Development Group of the Agency’s NCPM Framework Consultants.



R & D TECHNICAL REPORT TO DEFRA / ENVIRONMENT AGENCY Page 38

In addition to the compilation of the existing data sets, it is anticipated that additional
field data will be needed, especially in support of the Strategic Programme.  Thus the
SP contains a theme on data collection, which will concentrate on filling gaps in
existing field data assembled in the TP as well as gathering new types of data not
already monitored routinely (e.g. turbulence intensity).  The importance of good quality
field data for the validation of research cannot be overemphasised.  However, it is
recognised that finance for field measurement is often difficult to secure from research
funders (who see it as low yield in terms of research advance) and the operating
authorities (who have not always recognised its relevance to their core activities).
Nevertheless, it is noted that lack of flood data is a key issue identified in the Agency’s
“Lessons Learned” report on the autumn flooding in 2000.

5.6 Piloting and implementation

An important part of launching a change in practice on the professional community is
pilot testing of the changes in methodology.  This has several advantages:

• practical issues in implementing the new procedures are identified before a full
launch;

• the methods may be refined and made easier to use;

• confidence in the practicality and performance of the methods is enhanced leading
to broader acceptance by the user community;

• real-life training examples can be developed from the pilot test cases;

• a group of users is ready to assist in the “roll-out” of the new methods to
colleagues and other users.

The Targeted Programme contains a specific component on Pilot Testing.  The pilot
testing will probably be undertaken by running the new methodology in parallel with
the current approach on a number of  “live” projects with the S105 and NCPM
framework consultants and their respective development groups.  The pilot testing will
require close cooperation between the individuals involved in the piloting and the
developers of the TP methods.

Following the successful pilot testing, the “roll out” would be accompanied by an
instruction from the Agency concerning the use of the new Conveyance Estimation
System by the Agency and its consultants.  This would also need to actively discourage
the use of current simplistic methods.  For example, the Agency is considering the
following specification clause:  Hydraulic calculations involving “flood conveyance”
(taken here to include related issues such as, for a given flow, assessing river stage,
water level on the flood plain and flood risk) will usually be based on the Agency’s
Conveyance Estimation System and the best practice described in the related advisory
documentation.  XXXXX may propose alternative methods, if it is considered that the
Conveyance Estimation System or its ISIS-based implementation will give inaccurate
results for the calculations concerned.

The advances in knowledge and understanding from the SP will also require further
phases of pilot testing when the results of the SP are introduced into the methodologies
available in practice.
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5.7 Education and Training

The implementation of the Improved Methods for assessment of channel conveyance
from the Targeted Programme implies a distinct training need for those engaged in
flood defence assessments from a consultancy, project or operational perspective.
A key area for the TP is to work with academic and institutional partners of
Government and the Agency in developing links into Higher Education and
Professional Development programmes.  The output from the TP needs to be designed
to facilitate their uptake and incorporation into training courses.  During the
development of the Scoping Study, a clear enthusiasm has been generated within the
EPSRC Conveyance Network to ensure that advances made by the conveyance
initiative are really taken up by the wider academic and professional communities.  The
Network partners will have a critical role in planning this amongst both the User and
academic communities.

The training to support the introduction of new methods could constitute part of the
Continuing Professional Development (CPD) requirement on all practising, Chartered
Engineers by the ICE and CIWEM.  It is likely that a substantial number of individuals
will require training at the launch of the Improved Method, possibly in excess of 500,
with a continuing need to train new staff at say 50 per annum.  The training package
could involve a variety of media and routes including:

• national and / or regional launch seminars;
• bespoke training materials presented as an “in-depth” training course;
• a CD of the training course with examples;
• structured distance learning material, with individual assessment of attainment of

learning outcomes.

The distance learning material could be produced in association with a specialist in this
type of training or educational material, such as the Open University.   For structured
training material of this sort with appropriate assessment and moderation, it may be
possible to register the training under the CATS scheme as credit for post-graduate
awards (certificate, diploma or Masters degree).

In addition, it will be desirable to encourage appropriate University courses to include
material on the Improved Method in appropriate course modules.  In this respect, the
participation of the academic community in the project through the EPSRC network
should be helpful and the Agency could provide letters of support for bids to EPSRC for
funding appropriately structured Masters Training Programmes.

5.8 Procurement of the Targeted Programme (written by Environment Agency)

The procurement strategy for the Targeted Programme must take the following
considerations into account:

• Recognise the complex management issues involved in co-ordinating the component
tasks;

• Provide appropriate continuity of vision and knowledge from the Scoping Study;

• Identify and manage key risks;



R & D TECHNICAL REPORT TO DEFRA / ENVIRONMENT AGENCY Page 40

• Ensure best value for DEFRA / Agency in terms of both the Targeted Programme
and the delivery and future support for the outputs;

• Secure appropriate skills and experience for the tasks involved;

• Deliver tested and quality-checked outputs into engineering use;

• Allow basic scientific knowledge to be disseminated into the academic and
commercial research community; and

• Manage IPR and secure the interests of DEFRA and the Agency.

Clearly these considerations will require a balanced approach to be taken to
procurement.  The principal aim must be to secure the delivery and future support of
key outputs (see Section 6.3) for engineering use.  Work in sub-projects T-3 (Testing of
preferred methods in 1-D models) and T-8 (Pilot Testing and finalisation) will be done
in conjunction with a commercial software developer (provisionally Wallingford
Software).  The Agency also wishes to ensure that the wider academic and commercial
community has public domain access to the basic elements of the Conveyance
Estimation System.

The Agency intends to procure the TP as a single package in view of the complexity of
interfaces between the sub-projects.  It will seek a lead organisation to manage a
consortium team that will include other commercial entities.  It will require
transparency within the consortium, with back-to-back contracts between the entities in
order to share the risk.

Procurement of the TP will probably be carried out as a 2-stage process.  First, the
prospective lead organisation(s) will be invited to submit a high level summary –
proposing an approach that addresses the basic considerations set out above, and secures
the principal aim.  Second, having identified a satisfactory overall approach
(particularly with regard to managing risks, programme management and commercial
issues), the Agency will invite a detailed bid(s).

The Agency recognises the strong case for HR Wallingford leading the TP given its
position as a centre of expertise in river flood management, its links to commercial
software development, and its framework agreement with the Agency.
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6 TARGETED PROGRAMME

6.1 General description, functionality and outcome of the Conveyance
Estimation System (CES)

The Targeted Programme will provide as its output an integrated Conveyance
Estimation System which will support the different user needs with respect to
conveyance. It may be understood from a number of perspectives. The first is the
perspective of the system as the users will see it. This is illustrated in Figure 6.1.  The
components of the system are as follows.

The Conveyance Manual will provide the key and entry point to the system. The users
have quite distinct requirements of the system and these must be satisfied in a structured
way in the manual.

The Conveyance Estimation System (CES) itself will have four sub-components:

− The Roughness Advisor. This will be a dual paper/software system, consisting of
sets of photographs of both vegetation and other substrate materials, structured and
accessed by morphotype. The latter will act as a key to the photographs, and will
draw on and be related to the River Habitat Survey. The “key layer” will enable
users to classify a river reach and access the appropriate set of photographs. Each
photograph will be accompanied by unit Manning n values, in the form of a median
value plus upper and lower bounds. These would represent both uncertainty in the
determination of n values, and natural variation in the roughness of the substrate
including that due to seasonal growth and the cutting of vegetation. Whole-river
photographs will also be provided, with global Manning n values.  In order to keep
the system simple in its first issue and avoid over-ambitious software no expert
system or other algorithms will be used other than the “key layer” referred to above.

− The Roughness Review. This will be a scientific paper forming the underpinning of
the Roughness Advisor and will be available to inform future research and assist
users who need or wish to explore the topic area further.

− The Conveyance Estimator. This will be based on an Excel spreadsheet. Users will
input the channel cross section and its slope for which they wish to derive
conveyance, either manually from any ASCII or other data file. They will also
assign n values derived from their use of the Roughness Advisor. The Conveyance
Estimator will then compute a choice of outputs, such as global n values, either for
single flows or for a range of flows; water levels for a given flow or complete stage-
discharge curves. Behind the Conveyance Estimator will be a Conveyance
Generator based on the preferred conveyance method(s). This will probably be
written in Visual Basic and for consistency must be essentially the same piece of
code or at least employ identical algorithms to the code which will be included in
commercial 1-D models. It is essential that the preferred method has stable and
predictable values for turbulence-related parameters. These would be fixed in the
Conveyance Generator, as most users would not have the knowledge to modify
them.

− The Uncertainty Estimator. This will provide users with estimates of the
uncertainty in their conveyance estimates, using input such as estimates of the
accuracy of survey data used and of the preferred method itself. A further option
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might be to generate stage-discharge curves corresponding to the upper and lower
band roughness values from the Roughness Adviser.

As was shown at workshops, UK engineers depend heavily on river modelling packages
to do their work. Although not strictly part of the proposed programme, it is therefore
essential to the overall success of the project that a replication of the Conveyance
Generator is included in the commercial 1-D models widely used in UK. The
questionnaire showed that the overwhelming number of models in use in UK are either
HECRAS, for steady flows, or ISIS for unsteady flows.  On the River Severn, for
instance, the existing models are currently being converted to ISIS models under the
Sec105 programme, to give three consistent models covering the whole river.  The first
stages of the Targeted Programme will enable these software packages to be modified to
include the new methods.  The setting up of an “open” version of ISIS with EPSRC
funding will assist this process and make available to all researchers an open test-bench
on which new methods can be tested at the whole-river scale.  It is expected that ISIS
will be the example application for the new Conveyance System.  The approach to
procurement must establish a satisfactory position between the Agency and river
software packages.  Openness is likely to be a key to securing continuing innovation in
the future.

The direct input into routing models is less important. However a very useful concept,
where a river flows through an area where it is heavily influenced by man-made
structures (which includes many high risk areas), is to use a full 1-D hydrodynamic
model to generate stage discharge curves, which are then imported into a discharge
routing model. In O.R. (Operations Research) terms the routing model may be viewed
as a meta-model which uses performance envelopes extracted from complex models in
simpler models which can then simulate or optimise a large range of problems very
quickly. This practice will be improved by the use of 1-D models which incorporate the
new methods. It is being used in Section 105 studies and likely to be an important
technique in Catchment Flood Management Plans.  It should however be noted that ISIS
his capable of running hybrid models with routing and full hydrodynamic components
where the pre-existing models are compatible.

The final outcome of the project will be the adoption by all in-house and external
Agency users of the Conveyance Support Framework of the new conveyance methods;
improved estimation of water levels and consequent reduced flood risk to the public at
lower capital and maintenance cost.

It is expected that Agency contracts will specify the use of the Conveyance
Estimation System, and of software into which it can be demonstrated to have been
successfully implemented.

6.2 Mode of use of the system by different users

The system will allow a number of ways of using it and will not be designed to restrict
these. Nevertheless the main modes of use are likely to be as follows:

Operational planning of dredging and vegetation cutting
At the simplest level operational staff would use the Conveyance Support Framework to
estimate the effect of their proposed works on a single typical cross section of their
river. By using the Uncertainty Estimator they would be able to understand better the
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level of risk and the sensitivity of water levels to maintenance operations, dredging and
seasonal variation in vegetation.

At a second level operators would be able to transfer the details of their proposed works
to a simple backwater programme such as HEC-RAS or ISIS Steady, containing the
new methods, to verify their estimates taking backwater effects into account.

Flood Warning and Planning Studies
Flood forecasting models frequently employ routing models because of their speed of
running. However these only directly produce flows, which then have to be converted
into flood water levels. Most routing methods utilise idealised or simplified river cross
sections and do not take into account the effect of transverse structures such as weirs
and longitudinal structures such as washland banks. They are thus sound in natural river
reaches but weak where the rivers pass through heavily engineered reaches, namely in
towns, which are precisely the areas of high risk and interest. Mention has been made
above of the practice of using a full hydrodynamic model to generate more accurate
stage discharge curves for use in routing models which can be regarded as meta-models.

The BSM demo project, which will supply a Modelling and Decision Support
Framework (MDSF) to the CFMP programme is likely to use this technique, and will
thus benefit in its later stages from the better predictions of stage-discharge produced by
1-D models incorporating the new methods. The same applies to the Section 105
programme.

Capital Works Design
Capital works design is likely to use full hydrodynamic models to determine design
water levels. It is envisaged that the modeller would use the Roughness Advisor to first
divide the model up into reaches with similar geomorphological and biological
morphotypes and then to obtain unit roughness values. At this point the modeller might
choose to go to the Conveyance and Uncertainty estimators to obtain stage-discharge
curves where he/she has some calibration data which could be directly compared with
these, or simply explore the sensitivity of stage to variation in channel and vegetation
parameters.

The modeller would then input the unit roughness values into the 1-D hydrodynamic
model and run it for calibration flows. At this point it is usual for there to be
disagreement between predicted and observed water levels, and it is common practice to
review both the inflows and the roughness values. The Roughness Advisor and
Conveyance Estimator will be excellent tools to assist in this process by allowing the
user to explore quickly and easily the effect of roughness changes before editing the
roughness values in his 1-D model and re-running it.

Lastly the Uncertainty Estimator will allow the modeller to assess the sensitivity of the
scheme to specific matters such as vegetation growth and siltation as well as system
uncertainty.

6.3 System Development Summary

The second perspective is that of the system developer.  The project will have three
main stages:
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− Preliminary stage including setting up the team and workplan; the
production of an inception report including a detailed functional
specification of the CES and the assembly of test data sets;

− A main stage covering the development of the conveyance methods,
implementation and testing of the CES and drafting of manuals;

− An uptake stage. This should include not only conventional training but also
pilot or demonstration modelling.

The make–up of the team is important and should include a blend of leading persons
from the research, academic and practitioner/user communities, supported by the wider
community represented by the EPSRC Conveyance Network.

The CES is an innovative vision produced by leading national experts, but it is
important that the process of detailed specification and development is managed in such
a way as to ensure that the system is tailored to satisfy the various user needs in an
appropriate, relevant and easy to use way. This should be done via a carefully planned
and tiered structure of focus groups and wider workshops, and will aim to optimise the
front end and how the system is presented to the different users. The engagement of all
stakeholders from planning through flood plain mapping to design must be secured
through existing mechanisms which have been set up.

Discussions have been held with the aim of securing the inclusion of packages such as
ISIS and HECRAS of the new methods: an open version of ISIS will be available for
the development of the new conveyance method(s) and it is expected that the results
will be delivered as an ISIS-based tool.  The TP and the approach to procurement aim to
ensure that the new methods will be able to be universally used in planning and design.
Furthermore, after the TP, the availability of the scientific outputs in the public domain
should help ensure that the wider community outside the main developers of the
Conveyance Estimation System is able to take an active part in promotion of further
improvements.

The management, development and take-up tasks are summarised in Table 6.1. This
gives the key activities and deliverables or outputs for each sub-component involved in
building the system.

The Targeted Programme will produce a number of deliverables (detailed in Section
6.4), which can be summarised as follows under the categories of “User Outputs” (i.e.
of particular interest to practitioners), and “Scientific Outputs” (i.e. of particular interest
to academic and research organisations):

User Outputs
Laboratory and field data sets (as a result of T-1).  Available via the website of the
Network on Conveyance;

Manual on hydraulic roughness factors in rivers and guidance on vegetation
management (as a result of T-4);
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Conveyance Estimation System (spreadsheet and paper based) and Conveyance Manual
(both in paper form and in hypertext within CES).  The CES will be implemented
through commercially available software for future work on flood defences.

Scientific Outputs
Laboratory and field data sets (as a result of T-1).  Available via the website of the
Network on Conveyance.

Numerical algorithms and open code solution of selected conveyance method(s) – as a
result of T-2.  Available via the website of the Network on Conveyance.
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Table 6.1 Summary of sub-component activities and deliverables

Sub-
component

Title Key activities Deliverables
and outputs

T-0 Project
planning,
management
and integration

− Establish contact with the users and
stakeholders listed.

− Produce a functional design
specification.

− Manage the development of the
system including user
documentation and training material

− Manage beta testing
− Arrange initial training
− Propose mechanisms for long term

support and future development

Successful
adoption of new
method

T-1 Data mining
and assembly

− Screen existing data for coverage,
quality and suitability as test data.

− Assemble data sets for development
and testing of methods covering all
typical river/flood plain
morphologies

− Make data available via Network
website

Variety of data
sets from flumes,
FCF and real
rivers for
development and
testing of models

T-2 Conveyance
Estimator

− Review and evaluate methods
− Develop selected method(s) to cover

all cases of river/flood plain
morphology

− Develop spreadsheet method in open
code to implement method(s), and
test/ develop iteratively against T-1
datasets

− Produce user spreadsheet which will
take unit roughness values from T-5
and produce stage-discharge curves
and other outputs

User spreadsheets
which will take
unit roughness
values and
produce global n
values, stage-
discharge curves
and other outputs.
It will allow users
to explore the
impact of
vegetation
management and
dredging, and
assist in setting
up and
calibrating 1-D
models

T-3 Testing of
preferred
method(s) in
1-D models

− Implement preferred conveyance
method(s) in “open” version of ISIS

− Test/ develop iteratively against
selected datasets

− Feed back to T-2 for further cycle of
development of method(s)

Availability of
preferred
method(s)  for
later
implementation
in widely-used
commercial
codes

T-4 Roughness
Review

− Review of published information
and available data

− Targeted acquisition of ‘crucial gap’
data

− Produce manual on hydraulic
roughness factors in rivers.

Underpinning
high quality
science document
to T-5 and
practical manual
to interpretation
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T-5 Roughness
Advisor

− Set up a database of the photos of
vegetation morpho-types and other
typical substrates from T-4. This will
be done in a structured way which
will enable different users to go into
both a paper and an electronic
version via a  “key layer”

− Provide unit roughness estimates
with variance for each type and
typical global roughness values for
whole cross sections

Paper and
computer-based
systems to guide
modellers in
selection of unit
Manning’s n
values, assist
calibration of 1-D
models and
provide guidance
on vegetation
management

T-6 Conveyance
Estimator and
Uncertainty
Estimator

− Develop overall framework within
which T-2, T-4, T-5 and T-7 will sit
and which will give the user
uncertainty estimates including
upper and lower bound stage-
discharge curves.

Overall
Conveyance
Estimation
System and
Uncertainty
Estimator

T-7 Conveyance
Manual

− Write manual to support whole
package above

Conveyance
Manual with
sections
appropriate to
each  identified
user communities

T-8 Pilot testing
and
finalisation

− Testing of outputs by all user groups
− Review and finalise all tools and

manual to reflect findings of pilot
testing

Final versions of
all deliverables

T-9 Professional
development
programme

− Production of training materials and
setting up of training programme for
Agency and consultants’ modellers

Re-trained
modellers and
users

Final outcome − Adoption by all Agency and consultant users of
improved conveyance method.

− Improved estimation of water levels, reduced risk at
lower capital and maintenance cost

6.4 Component Sub-project Descriptions

This section gives proposals for the nine sub-components of the Targeted Programme in
tabular form for clarity.  A separate task T-0 has been identified for planning,
management and integration.  A diagram showing the linkages between the components
of the Targeted Programme is presented in Figure 5.3(a).
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T-0 Project planning, management and integration

Objectives To ensure that the final output and the outcome which it aims at are
fully realised

Outline
specification

− Establish contact  with the users and stakeholders
− Produce a functional design specification
− Propose and set up a Quality System for the development of the

Conveyance Estimation System (CES)
− Manage the research and the development of the system including

user documentation and training material
− Manage beta testing and demonstration of the system and the

software on selected pilot rivers; arrange for correction of bugs
PO.

− Arrange training
− Propose mechanisms for long term support and future

development
Resources Effort: 110days Cost: £55k
Outcome Successful adoption of new method

T-1 Data Mining and Assembly

Background The expert review papers by Ervine and Whitlow (see the Annex
volume) should be referred to.  Ervine divides the experimental data
into three categories, to which should be added the Agency and
consultants’ applied model data sets (Whitlow):
− Small flume data
− FCF (Flood Channel Facility, HR Wallingford) and other large

flume data
− River measurements purpose-made for research purposes. Much

of this consists of detailed measurements at single cross sections
but can be of high quality

− Consultants’ model data sets
The current experimental database is strong, in both quality and
quantity in terms of small-scale model data, more sparse in terms of
large-scale model data (particularly the FCF series), and sparse in
terms of field data. The Severn and Ribble have good data for larger
UK rivers (typically 30m wide). These have bunded flood plains but
this may not be untypical. The database shown in Ervine’s review is
however incomplete. A full-scale trawl of data is required and the
resulting database located in one site and mounted on the Network
web page.

Prior to the current round of flood risk mapping, applied river models
and data were not usually geo-referenced or located and are of limited
value since plan form is of crucial importance to the evaluation of
alternative conveyance formulations. In June 1999, the Environment
Agency commenced a three-year programme to systematically carry
out Section 105 surveys of fluvial and tidal flood risk mappings for
main rivers and ordinary watercourses in England and Wales, which
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are subject to development pressure. The project involves the
acquisition of survey data where required, which is geo-referenced.
Each commission involves the assessment of gauge data within the
study catchment and FSR or FEH rainfall/runoff analysis, thereby
providing boundary inflow data. A specification to assist the trawl
through this data is being drawn up by Whitlow.

The consensus from the workshop is that sufficient data exists for the
development and testing of a first generation improved method
without new data acquisition, though care must be exercised in regard
of data quality.

Objectives To produce a series of data sets covering a sufficient range of cases of
channel, flood plain an d vegetation morpho-types to permit the
development and testing of an improved conveyance method(s) of
general application to all UK rivers, and make this available to all
Network members for both Targeted and Strategic Programme
purposes.

Outline
specification

− Screen existing data for coverage, quality and suitability as test
data.

− Assemble data sets for development and testing of methods
covering as far as possible all typical river/flood plain
morphologies and vegetation/substrate morpho-types. It is
envisaged that data will be identified which will permit a
structured approach to method development and testing, starting
from the well controlled experimental environments and “pure”
cases of flume and FCF data to purpose–made river
measurements and on to consultants’ applied model data sets
which will form the ultimate test of the robustness and practicality
of the system.

− Make available via Network website as well as within the
contracting team

Dependencies This task will utilise the data specification currently being developed
by Whitlow for high quality data sets.

Resources Effort: 80 days Cost: £30k
Outputs Variety of data sets from flumes, FCF and real rivers to support the

development and testing of method(s) of general application to all
UK rivers, available through the Network website.

Further
research
needs

- More data, particularly in relation to 1-D modelling (ST 1-4), and
parameters affecting conveyance (ST 5, 8-12)

- Use of remote sensing for “whole-river” data set acquisition for
both research and applied modelling.
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T-2 Conveyance Estimator

Background The expert review paper by Knight on 1-D modelling should be
referred to (see the separate Annex volume).  It is important to
distinguish between ‘global’ roughness coefficients representing
resistance for a whole cross section; ‘zonal’ roughness coefficients
representing the roughness of a sub-area of the cross section such as
the main channel or a flood plain; and ‘unit’ or ‘local’ roughness
coefficients representing the roughness of a ‘unit strip’ of boundary
substrate. Presently, turbulence and secondary flow losses are hidden
in the local or zonal roughnesses and it will be a challenge to users to
become accustomed to the new concept of “pure” unit roughness.

The stage-discharge method in most 1-D river modelling packages is
based on a version of the ‘divided channel’ method (DCM). These
implementations assume quasi-straight reaches and do not include
any lateral momentum transfer effects. Conveyance as in most
models is tabulated and derived during simulation from look-up
tables.

Five improved categories of DCM are described by Knight. Though a
particular approach may perform well in given circumstances this
does not imply that it is soundly based and therefore a reliable
method to use generally. Indeed, many authors have shown that it is
quite possible to have a moderately successful HvQ prediction but
with gross errors in the internal distribution of flow. Moreover the
empirical factors used may not fulfil the requirement noted above for
stability and predictability across the whole range of river and
substrate morpho-types. For these reasons there is a supportable view
that DCM is not likely to provide the way forward.

Knight lists further categories of method for straight prismatic
channels:
− The coherence method of Ackers (which might be too limited in

scope to form a general method for conveyance estimation)
− The family of methods including Shiono & Knight (SKM) and

lateral distribution methods (LDM) such as James & Wark
(1992), Wark, Samuels & Ervine (1990). These have in common
a grounding in the physics of flow via 2-D depth averaged forms
of the Navier-Stokes equations (albeit at a simplified level). The
methods differ in their treatment of lateral shear and secondary
flows. All methods can be solved numerically for real river cross
sections, though analytical solutions exist for some cases which
would be of use in checking numerical conveyance results.
Empirical factors seem likely to be stable and predictable from
macro-characteristics of rivers.

Methods for meandering channels are less well developed. Knight
cites various methods based on component mechanisms, and methods
such as Ervine et al based on extensions of the 2-D Navier Stokes
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approach for straight channels.

If the latter class of method can be successfully developed and
proved, it holds out the promise of a unified method which will cover
all types of channel, perhaps with mechanism-related terms which
drop out or take zero values in simpler cases. This will meet the wish
expressed by users at the workshop for a single method.

Considered from the user point of view, the inclusion of this sub-
project which will develop and test new methods within a spreadsheet
environment, will provide an easy and user friendly entry point to the
new method(s) which will provide the answers which several of the
user categories require without going into full modelling packages
such as ISIS. It therefore has an important end-user function as well
as being a step in the development process.

Objectives To carry out a systematic evaluation of alternative conveyance
methods, starting from Knight’s review; to set up a spreadsheet
system to develop and evaluate these; to develop this system into a
user-friendly Conveyance Estimator.

Outline
specification

− Review and evaluate existing recent conveyance methods and
select method(s) for development and testing. As noted under
Background the selected method should be soundly based both
physically and mathematically. Any empirical coefficients should
be stable and predictable from readily measurable river
parameters and specialist user interpretation should not be
necessary.

− Develop selected method(s) to cover all cases of river/flood plain
morphology. Ideally there should be a single unified method, with
mechanism-related terms which drop out or take zero values in
various cases, determined by the measurable river system
parameters mentioned above.

− Develop spreadsheet method in open code to implement
method(s), and test/ develop iteratively against T-1 datasets.
Behind the Conveyance Estimator will be a Conveyance
Generator based on the preferred conveyance method, which will
generate stage / conveyance tables. This will probably be written
in Visual Basic in an Excel environment and for consistency must
permit the same piece of code or at least identical algorithms to be
used in the code which will be included in commercial 1-D
models.

− Produce user spreadsheet which will take unit roughness values
from T-5 and produce stage-discharge curves and other outputs.
This will form a sub-component of the overall CES.

Dependencies − Adequate range of reasonable quality data from T-1.
− Unit roughness values from T-5.

Resources Effort: 200 days Cost: £100k
Outputs Numerical algorithms and open code solution of selected method for

further testing in T-3.  These will be made available to researchers,
model developers and interested users through the EPSRC Network
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web site.

User spreadsheet which will take unit roughness values and produce
global n values, stage-discharge curves and other outputs. It will
allow users to explore the impact of vegetation management and
dredging, assist in setting up and calibrating 1-D models.

Further
research
needs

Research into “second generation” conveyance methods, particularly
in relation to meandering and curvilinear prismatic channels such as
embanked natural rivers; flood plain energy losses; lateral discharge
coefficients; hydraulic structure losses; parameters affecting
conveyance (ST 1 to 10).

There is a particularly strong need for further large scale FCF
experimental work to improve understanding and lead to an improved
version of meandering channel methods.

T-3 Testing of preferred method in 1-D models

Background
The questionnaire found that most river modellers and engineers in
UK relied heavily on commercial river modelling packages, chiefly
ISIS and HECRAS (steady flows). Hand calculations were sometimes
used for spot checks on model results.
It is therefore essential that the development and testing programme
includes the implementation of the selected method from T-2 within a
widely-used 1-D model, against typical river data from applied
models as well as against experimental data. An “open” version of
ISIS is currently being developed under an EPSRC grant to facilitate
this by giving access to conveyance table generation and to the very
large set of ISIS applied river model data sets.
The results of these tests should be fed back iteratively to the T-2 sub-
component in order to optimise the selected method.

Objectives To test, develop and demonstrate robustness and accuracy of selected
method in everyday applied modelling environment.

Outline
specification

− Implement selected conveyance method in “open” version of
ISIS. As noted under T-2 this must be based for consistency on
the same code as the Conveyance Generator or at least use
identical algorithms.

− Test/ develop iteratively against selected datasets, both
experimental and from applied models. Compare with current
DCM method as base case. The method must be shown to require
only readily measurable parameters to determine its empirical
factors; it must be robust numerically; it must cover the range of
river and vegetation morpho-types encountered throughout the
UK.

− Feed back to T-2 for further cycle of development of selected
method.

Dependencies Availability of open version of ISIS funded by EPSRC
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Resources Effort: 100 days Cost: £50k
Outputs Test results demonstrating robustness and improved accuracy of 1-D

implementation of selected method across a range of typical applied
model datasets.
Although outside the scope of the contract this will facilitate the
availability of the selected method in widely-used commercial codes.

Further
research
needs

− Incorporation of “second generation” ST conveyance methods
into commercial 1-D river modelling software, and validation
against ST data.

− Use of remote sensing in setting up and calibrating models
− Research to advance every day use of 2 and 3-D models

T-4 Roughness review

Background A number of Environment Agency areas and Regions have produced
standard vegetation maintenance specifications for maintenance
activities such as weed cutting, tree / shrub management and grass
mowing. These tend to show pictures of a number of options which
are agreed between the operations and environmental teams. The main
issue with these specifications is that the effect of moving from one
type to the other on conveyance is not known, hence the difficulty in
making assessments which optimise engineering and environmental
enhancement.
The expert review paper by Fisher and Dawson (See the separate
Annex volume) has shown that a sufficient data and science base
exists, with the help of a small targeted programme of stage-discharge
measurements, to allow the creation of a first generation Roughness
Advisor, and provide guidance on vegetation control.

Objectives To provide a sound science base for the development of the
Roughness Advisor (T-5); to provide a manual for all users, with
guidance on vegetation management for operational staff;  and to act
as a baseline to further SP research;

Outline
specification

− Review of published information and available data. This will
include
a) Bibliographic review/analysis/extraction  from published
scientific data of ‘obviously’ vegetative studies including seasonal
changes, growth, weed removal, river rehabilitation, and
consequential changes to plant growth to be expected:
b) Establishing a national context for relative importance of
different types of channel bank and flood-plain vegetation using
plant ‘morpho-type’ groups from RHS data set for typical
vegetation in different river types by altitudinal range, flood-plain
width or valley-form, stream energy, riparian and adjacent land
use etc:
c) Locate data already collected, analysed or published for
interpretation and reanalysis to allow comparison of useful
expressions relating to roughness e.g. n, VR, etc.
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d) Identify gaps in knowledge of methodology, aquatic vegetation
groups etc and investigate assumptions made in field or
calculation.
e) Link with post flooding geomorphological and vegetation
surveys and with remotely sensed data.

− Targeted acquisition of ‘crucial gap’ data. This will include filling
in crucial gaps in the data if obvious omissions of different
vegetation morpho-types data are found by a limited, targeted data
collection programme with uncertainty estimated i.e. select
significant and understudied species of in-channel and flood-plain
vegetation for further hydraulic assessment.  Opinion of consultees
seemed to be that 20-50 sites may need to be surveyed during
winter and summer as a short-term programme for improved and
seasonal resistance values. Existing gauging sites will be utilised
in order to do this quickly and economically. This might be linked
to current plans to re-survey a group of RHS sites for evidence of
channel change caused by the year 2000 floods.

− Produce Manual on hydraulic roughness factors in rivers. The
tasks in producing this will include:
a) Derive improved methodology for selection of friction factors –
discussion of velocity, means, measurement, meaning – effects on
water level in and out-of-channel. Roughness factors to be broken
down into unit roughness values where possible to show the
effects of vegetation, substrate, plan form etc.
b) Derive diagrams of water velocities to ‘friction’ factors over the
full range of flows from low-flow to channel-full and out-of-
channel flooding in indicative flood plain, for different morpho-
types of channel, bank and flood plain vegetation (where
available) together with their numeric variation over the range and
errors; the effect of consistently increasing or decreasing seasonal
discharges with in-channel vegetation and the management of its
channel and bank vegetation including bankside erosion, effects on
increasing bank erosion resulting from increases in relatively tall
aggressively invasive herbaceous species which shade out the
smaller soil-binding grassy species; these invasive species may
now occur extensively at over 11% of UK.
c) Photographs of different rivers with appropriate roughness
values or range of values and linked to different morpho-types of
vegetation and substrate form in channel etc as described above.
Information on flood plain roughness will be included from any
data available and methods in the literature. This will be suitable
for use by informed hydraulic practitioners
d) Review of data on further factors related to vegetation including
trees and fences, water flow effects.
e) Review options for vegetation management alternatives and
proposals for monitoring for operations in short- and long-term.
f) Develop an empirical / experience based approach to any major



R & D TECHNICAL REPORT TO DEFRA / ENVIRONMENT AGENCY Page 55

areas of vegetation or flow interaction where data sets are lacking
in order to achieve full coverage of all cases
g) Illustrate friction factors for vegetation for operations engineers
with examples, errors and uncertainties.

Resources Effort: 120 days Cost: £70k
Outputs Underpinning high quality science document to T-5; manual on

hydraulic roughness factors in rivers.
Further
research
needs

− Research into drag coefficient method as a sounder technical basis
for vegetative roughness models (ST-3).

− Use of remote sensing in determining roughness.

T-5 Roughness advisor

Background The expert review paper by Fisher and Dawson (See the separate
Annex volume) has shown that a sufficient data and science base
exists, with the help of a small targeted programme of stage-discharge
measurements, to allow the creation of a first generation Roughness
Advisor, and provide guidance on vegetation control

Objectives To provide users with structured access to a comprehensive set of
photographs and associated n values covering all UK river and
vegetation morpho-types to assist modellers and engineers;

Outline
specification

− Set up a database of photos of vegetation morpho-types and other
typical substrates (from T-4). This will be done in a structured way
which will enable different users to go into both a paper and an
electronic version. Entry will be via a  “key layer” to classify a
river reach and access the appropriate set of photographs. The
manuals will include a guide to the concept of channel morpho-
types and the RHS classification system and instructions on how
to use the photograph database.

− Provide unit roughness estimates with variance for each type and
typical global roughness values for whole cross sections Each
photograph will be accompanied by unit Manning n values, in the
form of a median value plus upper and lower bounds. These would
represent both uncertainty in the determination of n values, and
natural variation in the roughness of the substrate including that
due to seasonal growth and the cutting of vegetation. Whole-river
photographs will also be provided, with global Manning n values.

− Assemble into a logical and easily accessible data system, guiding
user in selecting n values, implemented both by paper and
electronic vehicles.

Dependencies Production of T-4 outputs
Resources Effort: 100 days Cost: £50k
Outputs − Paper and computer-based system to guide users in selection of

unit n values; calibration of 1-D models; and effects of vegetation
and its management on roughness.

− Whole-section global roughness values for check purposes
Further − Research into  drag coefficient method as a sounder technical basis
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research needs for vegetative roughness models (ST-3)
− Use of remote sensing in determining roughness

T- 6 Conveyance Estimation System and Uncertainty Estimator

Background It is essential that the overall system of providing conveyance
assistance to all users sits within a structured framework which allows
each user group to obtain the outputs which it wants with minimum
effort and in the simplest way, while providing full support and
“upgrade paths” to those who need or wish to explore deeper. In
addition users must be made aware that the system while providing a
step improvement over the present methods will still leave uncertainty
which must be appreciated and taken forward into end-applications.
Uncertainty is an essential area for the CES to cover.  In the first issue
of the CES this may be addressed through structured sensitivity
testing, but in the longer-term approaches such as those advocated by
Beven may provide an improved way of addressing uncertainty in
practice.

Objectives As Background
Outline
specification

Develop overall framework within which T-2 T-4, T-5 and T-7 will sit
and which will give the user uncertainty estimates including upper and
lower bound stage-discharge curves. The sub-components of the
system will be:
− The Roughness review and manual on hydraulic roughness factors

in rivers (T-4)
− The Roughness Advisor (T-5)
− The Conveyance Estimator (T-2). This will be based on an Excel

spreadsheet. Users will input the channel cross section and its
slope for which they wish to derive conveyance, either manually or
from an ASCII or other data file. They will also assign n values
derived from their use of the Roughness Advisor.

− The actual computation will be done by the Conveyance Generator
(T-2) which will sit behind the spreadsheet and will be based on
the preferred conveyance method(s). The Conveyance Generator
will compute conveyance vs. stage tables which will be displayed
through the spreadsheet as a choice of outputs, such as global n
values, either for single flows or for a range of flows; water levels
for a given flow or complete stage-discharge curves. The
Conveyance Generator will probably be written in Visual Basic
and for consistency must be essentially the same piece of code or
at least employ identical algorithms to the code which will be
included in commercial 1-D models. It is essential that the
preferred method has stable and predictable values for turbulence-
related parameters. These would be fixed in the Conveyance
Generator, as most users would not have the knowledge to modify
them.
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− The Uncertainty Estimator. This will provide users with estimates
of the uncertainty in their conveyance estimates, using input such
as estimates of the accuracy of survey data used and of the
preferred method itself. The estimates will be provided in a simple
form, such as error bars. A further option will be to generate stage-
discharge curves corresponding to the upper and lower-band
roughness values from the Roughness Adviser. There will be
guidance on sensitivity testing (on limits and on percentage of
results that should be within a certain band) and on calibration.

− An overall software framework within which the above
components will sit. The system will be optimised in terms of level
of high-level software packaging versus the downside in terms of
complexity of software and associated development risk and cost.
Thus in the Roughness Advisor it is proposed to keep the system to
a simple dual paper/computer implementation in its first issue and
avoid over-ambitious software. No expert system or other
advanced algorithms will be used other than the “key layer”.
Similarly a simple manual import/export transfer of roughness
values between Roughness Advisor and Conveyance Estimator is
proposed. This will not only keep the software simple but also
permit manual intervention in the selection of roughness values.

− The Conveyance Manual (T-7). This will be available both in
paper form and in hypertext within the CES.

Dependencies Availability of sub-components
Resources Effort: 170 days Cost: £100k
Outputs Overall Conveyance Estimation System and uncertainty estimator
Further
research needs

As sub-components

T-7 Conveyance Manual

Background See above
Objectives To provide a structured manual so that the different users can quickly

and easily find what they want.
Outline
specification

- Write manual to support whole package above.
- The manual will include detailed reference to the manual on

hydraulic roughness factors in rivers and back-up scientific
documentation.

- It should be available both in paper form and in hypertext within the
CES.

Dependencies Completion of previous sub-components
Resources Effort: 40 days Cost: £30k
Outputs Structured Conveyance Manual both in paper form and in hypertext

within the CSF
Further
research needs

The SP will result in a revised manual to back up the second
generation conveyance methods
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T-8 Pilot testing and finalisation

Background -
Objectives To test the system thoroughly across the whole range of target user

groups, and correct and finalise before general release. ISIS will be
used as the example installation of the CES but the open code that will
be produced will enable other software packages to be also used if
required.

Outline
specification

− Identify representatives of each user group to take part in pilot
testing.

− Provide system, training and beta testing procedures to testers.
− It is suggested that the pilot testing be carried out in the following

manners: (1) parallel testing of existing methods and new CES and
(2) using CES method alone (blind testing).

− Support testers and receive feedback.
− Develop “champions” for wider roll-out.
− Review and finalise all tools and manual to reflect findings of pilot

testing.
Resources Effort: 90 days + Cost: £45k
Outputs Final versions of all deliverables.

T-9 Education and professional development programme

Background The project will only be successful in achieving its outcome if user
communities are set up well initially and the final training and launch
is thoroughly carried out, creating knowledgeable communities among
academic institutions, users and specifiers in the Agency and their
Framework consultants, and other consultants who provide flood
advice to developers and planners.

Objectives To ensure successful uptake through the creation of focal points for
education and training and knowledgeable user communities

Outline
specification

Production of education and training materials and setting up of
training programme for all users as above, involving as appropriate
members of the EPSRC Network.

Resources Effort: 70 days Cost: £40k
Outputs Knowledgeable users and specifier communities.
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7 STRATEGIC PROGRAMME

7.1 Introduction

The purpose of this section is to establish the framework for an integrated Strategic
Research Programme designed to reduce uncertainty in the estimation of river flood
conveyance.  The outcome will be an improvement in the nation’s ability to manage
flood risk. In this regard the Strategic Programme requires “marketing” at a high level
with those responsible for developing the nation’s long term strategy and approach to
flood management. Techniques for risk reduction will be delivered through progress in
the following areas:

• an increased accuracy in estimating flood water levels for the design and
improvement of river flood management and the design of flood defence systems;

• a better understanding of the effects of main channel and flood plain features on
flow capacity; this  will improve planning through improved flood risk mapping,
understanding of the processes of flood plain flow and better targeting of channel
maintenance arising from vegetation growth;

• better flood forecasting and emergency response to flood incidents in terms of
capability to predict the extent and potential impacts of flooding; and

• more efficient planning and design in terms of resources required to achieve a
given level of accuracy.

The Strategic Programme covers research activities within the area of expertise of the
EPSRC Conveyance Network and it is anticipated that members of the Conveyance
Network will undertake the significant proportion of the research identified as strategic.
It is however, emphasised that many aspects of this programme have elements relevant
to the natural environment, which are highly appropriate for NERC funding.

Areas of interest to the EPSRC Morphology Network which impact in river flood
conveyance are:

• prediction of sediment transport rate;

• prediction of channel cross-sectional shape; and

• prediction of channel planform.

These topics have been included in the appropriate strategic projects detailed below. A
number of academics and industrialists are members of the Conveyance and
Morphology Networks. Where necessary, this will ensure integration of the expertise of
both Networks to address Strategic Programme sub-topics.

The Strategic Programme will consist of a series of co-ordinated research projects and
have duration in excess of three years.  A number of possible funding opportunities
exist (EC, DEFRA-Environment Agency, NERC and EPSRC) and it is crucial to the
success of the programme that it links into the wider national interest in developing
some form of Co-ordinated Research Programme on Flooding.  The concept of this can
be developed through the inter-departmental initiative on “Integrated Water
Management – Building Research Partnerships and Securing Funding”.
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The DEFRA/Agency R&D programme will consider providing supporting funds for
projects drawn from the Strategic Programme. It is likely however, that the largest
funders of strategic projects will be the research councils. Consequently, it is important
that the Agency and Network members discuss in detail with EPSRC and NERC
management how best the Strategic Programme should be developed within established
mechanisms for funding.  Early discussions have highlighted the importance of
following different mechanisms for different aspects of the Strategic Programme.

A significant part of the Strategic Programme is likely to meet the aims of EPSRC’s
Infrastructure and Environment Programme.  This programme’s current approach is to
support research consortia that form a critical mass – able to focus on strategic research
and meet a specific user need.  These would essentially work as large research centres –
they would be virtual centres similar to the IRC (Interdisciplinary Research
Collaboration) concept.  They would be funded through platform grants – typically £2M
over 3 to 4 years.  The development of research consortia and the award for platform
grants would be a rigorous process – involving users and other funders in developing
appropriate work programmes with key academic groups.  A call for proposals might
have a lead time of 9 months.

Further work in the Flood Channel Facility at HR Wallingford might be funded through
responsive mode grants under the EPSRC Engineering Programme.  EPSRC would
need to know what resources would be required to resurrect the FCF, and whether a re-
equipped FCF would be regarded as a commercial research facility.

Any work on field data measurements will need to be developed in discussion with
NERC, the Agency and other interested parties – particularly to incorporate / dovetail
with what is being done already and to seek any supporting resources in kind from the
Agency.  In planning the Strategic Programme, the Network will need to reach a clear
view on what new data is required, including an idea of field sites suitable for this
purpose.

Work funded by the Research Councils will be subject to some form of peer review
process to ensure high scientific and technological quality of the funded research.  In the
EPSRC review process, among the five criteria for assessment of proposals are
“Scientific & Technological Quality” and “Relevance to Beneficiaries”.  One particular
advantage to the academic community of undertaking work related to the strategic
programme is that it enables relevance to beneficiaries to be convincingly demonstrated
in research proposals.  Depending on the funding mechanism, different levels of
importance may be attached to “Relevance to Beneficiaries” compared to “Scientific &
Technological Quality” of a proposal.

It is important that an appropriate degree of management is provided, to ensure that
projects are funded sequentially to suit the programme. Otherwise, long-term forward
planning will be difficult.

A potential difficulty in delivering the Strategic Programme is that its existence may not
prevent Network members and others from submitting responsive mode proposals to
EPSRC and NERC on topics related to river flood conveyance. It is essential therefore
that the Strategic Research Programme is set-up in a well planned way with support
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from the main funding bodies. It can then be reviewed, publicised and updated
throughout the life of the Network and beyond.

The proposed content of the Strategic Programme has been informed by:
• the expert reviews commissioned for the scoping study, which provided an

international review of current research activity;
• the Industry Focus Group meeting (Workshop 1) held at HR Wallingford on 13

March 2001; and
• the EPSRC Conveyance Network meeting (Workshop 2) held at Imperial College

on 4 April 2001.

Reference has also been made to the EPSRC database of current projects in the area of
Coastal and Waterway Engineering.

The following defines a programme of future research activities designed to address the
research needs identified in these sources. Activities have been identified at:

• Local Scale (taken here to be the lengths represented by: (1) a single cross-section
and (2) a computational “cell” formed by two adjacent cross-sections to average
properties of larger aggregations of sections of similar hydraulic characteristics
covering a physio-graphic unit such as a meander);

• River and Flood Plain Reach Scale, (typically 5 to 10 km of several meanders
with man-made linear features (flood defence banks, roads etc), washlands and
structures (bridges, sluices, weirs etc)).

In addition, research needs have been identified to support the use of:

• Higher Dimensional Modelling (two-dimensional, quasi-three-dimensional and
three-dimensional modelling of local features of specific interest).

A further aspect to the strategic programme is:
• Data Collection. This is a cross cutting theme required to support the four

principal research areas.

At the Local Scale, Professor Knight’s expert paper (see Annex) distinguishes between:
(1) ‘global’ roughness coefficients representing resistance for a whole cross section;
(2) ‘zonal’ roughness coefficients representing the roughness of a sub-area of the

cross section such as the main channel or a flood plain; and
(3) ‘local’ roughness coefficients representing the local roughness of  a ‘unit strip’ of

boundary material.

The research activities are described in relatively broad terms. Detailed project planning
by the Network Sub-groups will undoubtedly result in their division into a number of
smaller projects. The nature of the activity will determine whether these require parallel
or sequential funding.

7.2 Priorities

The projects detailed in Sections 7.3, 7.4, 7.5 and 7.6 below are the result of
consultations within in the UK academic community and have been scrutinised by the
EPSRC Conveyance Network.  In this respect, they are all considered worthy research
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activities. However, it is our opinion that the following strategic projects as being of
greatest importance to the Agency in reducing uncertainty in predicting river flood
conveyance:

• ST-1Validation of stage conveyance methods;
• ST-2 Improved roughness estimation;
• ST-5 Energy losses associated with flow over flood plains;
• ST-6 Evaluation of lateral discharge coefficients for flows over flood protection

embankments;
• ST-10 Impact of hydraulic structures on river flood conveyance;
• ST-11 Reducing uncertainty in model calibration;
• ST-16 Database maintenance;
• ST-17 Field data collection sites;
• ST-19 Use of remotely sensed data in hydraulic modelling.

This prioritisation takes account of discussions at the first project workshop and at the
EPSRC Conveyance Network meeting, and the questionnaire responses.  In the
Tabulated descriptions of the research projects, a subjective assessment of the priority
has been introduced from discussion within the Scoping Study team.  This priority
relates to the potential ease of deriving operational benefit in the short-term from the
successful completion of the research; the priority is not a judgement on the value of the
potential contribution to knowledge in the long term.  These High, Intermediate and
Long-term priorities have not been subjected to review within the broader stakeholder
community. Figure 5.3 (b) shows the inter-relationships between the various strategic
research topics (as well as with the components of the Targeted Programme) and the
following colours were assigned to the three priorities: green for High, yellow for
Intermediate and blue for Long-term.

7.3 Local Scale Conveyance

This theme contains research topics designed to improve the estimation of cross-section
conveyance as applied in one-dimensional hydrodynamic river models. As discussed in
Section 6, improvements in this technique will be achieved through the delivery of the
Targeted Research Programme; however, in the longer term the Strategic Research
Programme will also result in further improvements. Delivering these will require a
partnership between academics, developing the improved methods, and the Agency’s
Framework consultants, implementing the models.

Title: Validation of stage conveyance estimation methods.
Reference: ST-1
Priority High
Background: There is a need to validate the new generation of stage

discharge and stage conveyance estimation methods using
field data, particularly those identified by targeted project T- 2
as suitable for use in computer models.

Principal
Objectives:

Validation of the new generation of stage discharge and stage
conveyance methods against field data.

Approach: The validation work is relatively straightforward; however,
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data collection will require the long-term instrumentation of a
number of cross-sections on different types of UK river. In
addition to topographic survey data, the minimum hydraulic
data collected should include stage and discharge for a range
of inbank and overbank flow conditions. The suitability of the
data for use on other projects will be greatly increased if data
collection were extended to include complementary
measurements of vertical and transverse velocity profiles and
turbulence characteristics. There are also benefits to be gained
in collecting sediment transport data at these sites to aid in the
validation of sediment transport models.

Dependencies: The conveyance estimation methods requiring validation will
be identified in T-2 and the extent of data collection required
and type of river requiring investigation will depend on the
outcome of targeted project T-1. Field site selection should be
undertaken in collaboration with strategic projects ST-5, and
ST-6 and ST-10.

Outputs: Increased confidence in the use and range of applicability of
the new generation of stage discharge and stage conveyance
estimation methods.
Improved computer model validation leading to increased
accuracy of one and two-dimensional computer model
predictions.
Improved validation of sediment transport models.

Title: Improved roughness estimation

Reference: ST-2
Priority High
Background: The results of the questionnaire produced as part of the present

study indicate a significant level of uncertainty in the
estimation of roughness coefficients used in models for flood
level prediction. Targeted Research projects T-4 and T-5 have
been proposed to address this problem using currently
available data. However, the specialist review by Fisher and
Dawson (in the separate Annex volume) has identified that the
available data sets have been collected in different ways
making it difficult to compare and analyse them collectively.
There is therefore a need for field data to be collected using
consistent measurement techniques for a range of sites with
different physical characteristics such as slope, channel
geometry and vegetation.

Principal
Objectives:

Improvement of the database available to condition the
Hydraulic Roughness Advisor T-5 and published in the UK
Manual on hydraulic roughness factors in rivers T-4

Approach: Topographic survey of the selected sites linked to
measurements of water surface slope and discharge for at least
six different flow conditions. Selection of sites already
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included in the River Habitat Survey may be appropriate as
information on channel vegetation exists at these locations. A
photographic record of the sites during data collection is also
essential. This area of research might be appropriate for
funding by the Agency.

Dependencies: The extent of data collection required will depend on the
outcome of targeted project T–1 Data mining and assembly.

Outputs: Reduced uncertainty in the estimation of hydraulic roughness
in UK rivers.

Title: Development of an improved method for assessing energy
loss due to vegetation

Reference: ST-3
Priority Intermediate
Background: Recently developed methods for assessing energy loss due to

vegetation have investigated the force balances within a
vegetated channel.  Most of the work in this area has been to
quantify drag coefficients in the laboratory using rods to
represent vegetation.  These ideas should now be tested against
field data.

Principal Objectives: Testing of theoretical drag coefficient energy loss models
against field data.

Approach: This project will require the collection of detailed velocity
fields from a number of field sites with different types and
density of vegetation.  Selection of sites already included in the
River Habitat Survey may be appropriate as information on
channel vegetation exists at these locations. Data will require
to be collected for a range of flow conditions.

Dependencies: The computer modelling aspects of the project is closely linked
to Strategic Project ST-4.

Outputs: Better understanding of the role of vegetation in reducing river
flood conveyance.  In the longer term this will lead to
improved methods for predicting the influence of vegetation on
river flood levels and better targeting of channel maintenance.
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Title: Two and three-dimensional modelling to quantify lateral
momentum transfer due to vegetation

Reference: ST-4
Priority Long-term
Background: The lateral transfer of fluid momentum from areas of high fluid

velocity such as the river channel to densely vegetated areas on
the channel banks or flood plains will result in a reduction in
channel conveyance and a consequent increase in flood risk.

Principal Objectives: Development of a method to quantify lateral momentum
transfer due to vegetation.

Approach: Utilise current two and three-dimensional computer modelling
technology to develop a better understanding of lateral
momentum transfer arising from vegetation.

Dependencies: Will require access to the detailed field data collected in ST-3
and validation of appropriate turbulence models in ST-15.
Outcomes of the project will feedback to ST-1.

Outputs: Improvement of conveyance estimation techniques used in one-
dimensional models leading to increased accuracy in estimating
flood level.

7.4 Natural and Man-made Influences at River and  Flood Plain Scale

This theme contains research topics designed to improve the modelling and prediction
of river flood flows and water levels at a reach scale. Modelling in this context is taken
to be one-dimensional hydrodynamic modelling. It is acknowledged that two and three-
dimensional models can be applied at a reach scale; however, the discussion of research
to support these higher dimensional models is left to Section 7.5.

Title: Energy losses associated with flow over flood plains.
Reference: ST–5
Priority High
Background: Local obstructions to flow over flood plains include

vegetation, buildings, walls and road embankments. Little is
known of the impact that such obstacles have on flood plain
conveyance.

Principal
Objectives:

Evaluation of the influence of local flood plain obstructions
on flood plain conveyance.

Approach: The collection of data to inform on the influence of flood
plain obstructions on flood plain conveyance. In particular,
attention should be paid to collecting data that will enable
validation and refinement of one and two-dimensional
computer models. Data collection will require the long-term
instrumentation of a number of cross-sections on different
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types of UK river and large-scale physical model studies on
the Flood Channel Facility at HR Wallingford. Minimum
field data collected should include stage at a number of points
along and across the flood plain and total discharge. Detailed
topographic survey data from the sites will also be required.
Physical model data should include velocity profiles over and
through flood plain obstructions. Measurements will be
required for a range of overbank flow conditions.

Dependencies: The extent of data collection required and type of river
requiring investigation will depend on the outcome of targeted
project T–1 Data mining and assembly. Field site selection
should be undertaken in collaboration with strategic projects
ST-1, ST-6 and ST-10. It will be essential to include a
computer modeller on the research team to ensure that the
data collected is relevant to modelling requirements.

Outputs: Improved understanding of the significance of local flood
plain obstructions on flood plain conveyance.
Improved computer model validation leading to increased
accuracy of one and two-dimensional computer model
predictions.

Title: Evaluation of lateral discharge coefficients for flows over
flood protection embankments.

Reference: ST–6
Priority High
Background: The flood plains on many UK rivers are protected from

flooding by flood protection embankments. Clearly, such
structures will have a strong influence on the extent of
inundation occurring when they are overtopped during
extreme flood events. Existing hydrodynamic computer
models are capable of modelling embankments by computing
lateral discharge using a weir flow equation. However,
uncertainty exists in evaluating the lateral discharge
coefficient used in this equation. Field and large-scale physical
model data is required to enable better evaluation of this
parameter.

Principal
Objectives:

Improved evaluation of the lateral discharge coefficient for
flow over flood protection embankments.

Approach: The data collection to support this work will require the
instrumentation of a number of suitable sites on UK rivers and
large-scale physical model experiments on the Flood Channel
Facility at HR Wallingford.  Minimum hydraulic data
collected should include discharge with simultaneous
measurements of water levels on both sides of the flood
protection embankments. Detailed topographic survey data
from the sites will also be required, along with measurements
for a range of overbank flow conditions. In the physical model
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studies it will be necessary to investigate different
configurations and orientations of the flood protection
embankments.

Dependencies: The extent of data collection required and types of river
requiring investigation will depend on the outcome of targeted
project T-1 Data mining and assembly. Field site selection
should be undertaken in collaboration with strategic projects
ST-1, ST-5 and ST-10. It will be essential to include a
computer modeller in the research team to ensure that the data
collected is relevant to modelling requirements.

Outputs: An improved method for evaluating lateral discharge
coefficients for flow over flood protection embankments.
Improved computer model validation leading to increased
accuracy of one and two-dimensional computer model
predictions.
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Title: Separation of energy losses due to variations in plan-form,
cross-sectional shape and heterogeneous roughness effects.

Reference: ST-7
Priority Long-term
Background: As demonstrated by the research carried out at the Flood

Channel Facility at HR Wallingford, lateral transfer of
momentum between areas of differing roughness can have a
significant impact on river flood conveyance. This work needs
to be extended to determine the relative significance of
contributions to energy loss from plan-form, cross-sectional
shape and heterogeneous roughness effects.

Principal Objectives: Determination of the relative significance of contributions to
energy loss from plan-form, cross-sectional shape and
heterogeneous roughness effects.

Approach: In the first instance, it will be necessary to investigate these
effects using laboratory flumes.

Dependencies: This is an essential precursor to Strategic Project ST-8. This
project is strongly linked to the interests of members of the
EPSRC Morphology Network and should be developed in
collaboration with them.

Outputs: Guidance on whether variations in cross-sectional shape and
heterogeneous roughness are sufficiently important to warrant
further investigation and inclusion in computer models.

Title: An alternative roughness formulation
Reference: ST-8
Priority Long-term
Background: Manning’s equation is used internationally for predicting

roughness values in rivers. It may be that uncertainty in
conveyance estimation would be reduced if an alternative to
Manning’s coefficient ‘n’ can be developed. It would be
difficult to change a universal concept and international culture
but it may be necessary if energy losses from features such as
vegetation are going to be properly accounted for.

Principal Objectives: To investigate alternatives to Manning’s ‘n’ for predicting
energy losses in rivers.

Approach: “Blue-Skies” Conveyance Network Sub-group to formulate
proposals.

Dependencies: Closely linked to data collection proposed in Strategic Project
ST-7.

Outputs: An alternative method for predicting friction losses in rivers.
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Title: Investigation of turbulence and flow structure in unsteady flow

Reference: ST–9
Priority Intermediate
Background: The work undertaken to date on the FCF has quantified the

link between turbulence, flow structure and conveyance for
steady flows. This now needs to be extended to cover unsteady
flow.

Principal Objectives: To investigate and if possible quantify the link between
turbulence, flow structure and conveyance for unsteady flows.

Approach: Requires a large-scale physical model study.
Dependencies: None.
Outputs: May result in improvements to the stage conveyance

relationships to be implemented in computer models under
Targeted Project T- 3.

Title: Impact of hydraulic structures on river flood conveyance.
Reference: ST– 10
Priority High
Background: Hydraulic structures are a feature of many UK rivers,

particularly in urban areas. They can have a significant impact
on water levels during floods and vice-versa. Existing
hydrodynamic computer models have facilities to model these
effects but the accuracy of predictions could be improved by
model validation against field data.

Principal Objectives: Improved understanding and modelling of the impact of
hydraulic structures on river flood conveyance.

Approach: Data collection will require instrumentation of a number of
suitable sites on UK rivers and from physical model studies.
Data collected should include weirs, sluices, culverts and
bridges.  A detailed topographic survey of the river upstream
and downstream of the structure will be required.  Data
collected should include stage at a number of points along the
river reach under investigation with simultaneous
measurement of total flow. There are also benefits to be
gained from collecting sediment transport data at these sites to
aid in the validation of sediment transport models.

Dependencies: The extent of data collection required and type of hydraulic
structure requiring investigation will depend on the outcome
of targeted project T-1 Data mining and assembly and the
outcome of the forthcoming Agency funded R&D project on
Bridge Afflux. Field site selection should be undertaken in
collaboration with strategic projects ST-1, ST-5 and ST-6. It
will be essential to include a computer modeller on the
research team to ensure that the data collected is relevant to
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modelling requirements.
Outputs: Improved computer model validation leading to increased

accuracy of one and two-dimensional computer model
predictions of water level and river morphology.

Title: Reducing uncertainty in model calibration
Reference: ST-11
Priority High
Background: Most flood inundation studies are carried out without any

consideration of uncertainties in the estimation of the
hydraulic roughness/conveyance parameters required by
inundation models.  At best, a sensitivity analysis may be
carried out, with strong assumptions made about the potential
range of parameters.  In fact, in many situations the effective
roughness parameters may not be well estimated as a result of
the presence of walls, hedges, vegetation, other infrastructure
and errors in the representation of the flood plain geometry.  In
the future, it will be possible to use historical inundation data
available from remote sensing, in conjunction with improved
geometry data from LiDAR, to calibrate or condition the
roughness parameters.  Some uncertainty will remain but can
be used to estimate the pattern of inundation risk on a flood
plain. Uncertainties are also associated with different
calibration approaches, see for example  Anastasiadou-
Partheniou and Samuels (1998), and Khatibi et al (2000),
Horritt and Bates (2001).

Principal Objectives: Develop an improved understanding of uncertainty associated
with the calibration process of computer model predictions of
river flooding.

Approach: Investigation of different approaches to calibration such as the
Inverse problem and the Optimisation approach. The use of
historical inundation data available from remote sensing, in
conjunction with improved geometry data from LiDAR to
calibrate or condition roughness parameters used in one and
two-dimensional models.

Dependencies: Requires suitable data sets to be identified in targeted project
T–1 Data mining and assembly plus access to remotely
sensed data of flood inundation extent at the same locations.

Outputs: Setting of confidence limits on model predictions leading to
improved flood risk mapping and better flood forecasting
capability.
New strategies for calibration of flood models and
conveyance.
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7.5 Higher Dimensional Modelling

This theme contains research topics to improve the use of two, quasi-three and three-
dimensional computer models as:

• a design tool in river engineering;
• an operational tool for emergency response; and
• a research tool to improve understanding of river flow processes.

Increased confidence in the use of such models will reduce (but not replace) the need
for physical modelling. As the latter are generally more expensive, this will result in
reductions in the cost of design and research. Compared to their physical model
counterparts, computer models have the additional benefits of a high density of data
points and being easy to store.

Most of the existing two-dimensional modelling codes available to consultants have
limitations when applied to flooded rivers. For example, the commonly used
TELEMAC 2D cannot model bridges and culverts under submerged conditions.
Consideration was therefore given to including a strategic project with the aim of
developing two-dimensional modelling software appropriate for use on British rivers.
However, rather than “go it alone” in this respect it is recommended that the EPSRC
Conveyance Network undertakes a thorough investigation and evaluation of
international research and development in this area. The best option may be to develop a
British code, on the other hand, there could be significant benefits from developing
stronger collaborative research and development links with international researchers
working in this field.

Existing CFD software can be used to simulate flows in natural rivers, however, there
are a number of issues that require to be addressed before the technique can be used
routinely in design or to support research. Projects to address these are listed below.

Title: Validation of two and three-dimensional computer models
Reference: ST–12
Priority Intermediate
Background: Benefits in improved understanding of software capabilities

and limitations could be gained from continuing the
verification work currently underway. Full use has not been
made of the existing data obtained from the Flood Channel
Facility at HR Wallingford (in particular the mobile bed
experiments undertaken in Series-C) and other model data in
this respect. In addition, there is a continued need to test the
codes on river reaches.

Principal
Objectives:

Verification of existing computer codes to increase confidence
in their use in design.

Approach: Quantitative comparison of computer model predictions with
existing and new laboratory and field data.

Dependencies: Data availability from Targeted Project T-1 and Strategic
Projects ST-1, ST-5, ST-6 and ST-10.
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Outputs: Efficiencies in design from the cost-effective use of computer
models.

Title: Roughness estimation in three-dimensional computer
models

Reference: ST-13
Priority Intermediate
Background: The law of the wall is used in the representation of surface

roughness in CFD codes.  Research is required into the
applicability of this theory to the relatively rough surfaces
encountered in river engineering.

Principal
Objectives:

Development of an improved method of representing surface
roughness in three-dimensional computer models.

Approach: Will require a comparison of measured velocity profiles over
surfaces with roughness characteristics similar to those found in
real rivers to be compared with velocity profiles predictions
generated using three-dimensional models.

Dependencies: None.
Outputs: Revised law of the wall for use in three-dimensional computer

models.

Title: Unstructured and adaptive grids
Reference: ST-14
Priority Intermediate
Background: In coastal modelling there is current research activity in the

area of adaptive grids. The purpose of this research is to
develop algorithms that enable the grid to be automatically
refined in areas of high velocity gradients. Similar problems
exist in river modelling and it is likely that outcomes from this
research would have benefits to river modelling. Some
commercial CFD software packages that were originally
developed for internal flows have unstructured grid generation
facilities. In principle, these packages will soon be able to deal
with open channel flows. Research is required on transferring
research developments to fluvial problems by using research
codes or through detailed access to existing commercial codes.

Principal
Objectives:

The development or validation of solution algorithms for use
with unstructured and adaptive grids in river models.

Approach: Algorithm development or validation project supported by the
availability of good quality validation data.

Dependencies: Research in this area is already underway in the field of coastal
modelling.  The algorithms require to be tested and further
developed for application in river modelling.  The project
would benefit from the data set compiled under targeted project
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T-1 and subsequent data collected under ST-1, ST-2, ST-5 and
ST-6.

Outputs: Two and three-dimensional computer models better suited for
simulation of river flows.

Title: Turbulence modelling

Reference: ST-15
Priority Long-term
Background: A considerable amount of research has been undertaken on the

suitability of different turbulence models for simulating the
flow features that occur in river flow. This work is ongoing and
should be continued as further data sets become available.

Principal
Objectives:

Validation of turbulence models for simulating flow features in
river flows.

Approach: Computational modelling exercise.
Dependencies: Depends on the access to data sets collected from T-1, ST-1,

ST-3, ST-5, ST-6 and ST-10.
Outputs: Improved simulation of the three-dimensional velocity field by

computer models. May also result in better predictions of
sediment transport.

7.6 Data Collection

Data collection, storage and access are a cross cutting themes that runs through both the
Targeted and Strategic Programmes. In the Strategic Research Programme many of the
research activities identified will benefit from access to a high quality database covering
both field and experimental measurements. A co-ordinated long-term approach to field
and large-scale physical model data collection will require discussions between the
research councils, the Agency and the academic community. Problems associated with
field data collection include:

• its expense compared to a typical research council grant;
• continuity of well trained personnel is necessary, but difficult to achieve using

responsive mode grant applications;
• obtaining field data depends on floods occurring, this cannot be guaranteed over the

duration of a typical grant.

It is recommended that the Conveyance and Morphology Networks form a working
group to discuss these issues with the research councils. The working group should
include representatives from the Agency and HR Wallingford Ltd.

Title: Database maintenance

Reference: ST-16
Priority High

Background: It is envisaged that much of the data collected for the topics
covered in the Strategic Research Programme will have more
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than one use and should be made available to all Network
members. For example, data collected to investigate flood
plain flow processes will also have value in computer model
validation. Access to multiple use data will be facilitated
through the maintenance of a database accessible via the
World Wide Web. A start on constructing such a database has
been made by the University of Glasgow as part of its
management of the EPSRC Conveyance Network. A list of
the data currently available to EPSRC Conveyance Network
members can be found at http://ncrfs.civil.gla.ac.uk.
However, long-term funding for the continued maintenance
of this site is potentially outside the remit of the EPSRC and
will require to be discussed with the Agency. The principal
benefit of such a database to the Agency would be shorter
lead times from the development of improved theories and
models to their use as standard practice by industry.

Principal
Objectives:

Data accessibility

Approach: Maintenance of a WWW data access site.
Dependencies: None.
Outputs: Ease of data retrieval.

Title: Field data collection sites

Reference: ST-17
Priority High

Background: Significant advances in our understanding of the mechanics of
overbank flows have been made through experimental work.
This has led to the development of new models and theories
that now require validation against field data. A similar need
for field data for model validation has been identified through
the increased availability of two and three-dimensional
modelling software. It is therefore recommended that the
feasibility of establishing long-term field data collection sites
linked to the activities of Strategic Projects ST-1, ST-5, ST-6
and ST-10 is investigated. These would be used to collect
multiple use data to support several of the research projects
identified above. Ideally, the Agency would fund long-term
basic data collection, such as water level and flow
measurement and the research councils would fund short-term
specialist data collection such as velocity and turbulence
measurements. There is a need to co-ordinate field data
collection with physical model work.

Principal Objectives: Collection of high quality field data.
Approach: Instrumentation of field sites with joint research council and
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Agency funding.
Dependencies: The extent of data collection required and type of river

requiring investigation will depend on the outcome of targeted
project T–1 Data mining and assembly. Field site selection
should be undertaken in collaboration with strategic projects
ST-1, ST-5 and ST- 6.

Outputs: Field data to support research activities.

Title: Retention of the Flood Channel Facility

Reference: ST-18
Priority Long-term

Background: While validation against field data is the ultimate test of any
model, the logistics and practical difficulties associated with its
collection mean that there is a continuing need for high-quality
physical model data, particularly at a large scale (Strategic
Projects ST-5, ST-6 and ST-10). Physical model data will also
be crucial in the theoretical investigation of energy loss from
various sources (Strategic Projects ST-7 and ST-8). Therefore,
there would be considerable benefit from the availability of
additional large-scale model data from the Flood Channel
Facility at HR Wallingford (FCF). It is therefore strongly
recommended that the FCF be retained and further work should
be undertaken to investigate the areas identified above.

Principal Objectives: Collection of high quality physical model data.
Approach: Reinstatement of the Flood Channel Facility with joint research

council Agency funding.
Dependencies: None.
Outputs: Physical model data to support research activities.

Title: Use of remotely sensed data in hydraulic modelling

Reference: ST-19
Priority High

Background: The Agency has invested heavily in equipment to support data
acquisition using remote sensing, LiDAR, SAR and CASI.
Initial teething troubles with the systems have been overcome
and the data is now coming on stream for both in-house and
research use. Presently, Bristol University is leading the way in
the use of remotely sensed data for estimating river flood
conveyance at a reach scale. There is currently a need educate
and inform the wider hydraulic modelling community on the
potential of these data collection methods.

Principal Objectives: Demonstration of the utility of remotely sensed data in
hydraulic model development.
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Approach: Use of remotely sensed data to develop or improve a
hydrodynamic model of a selected river catchment. If possible
this should be compared with the performance and cost of a
model constructed using traditional data collection techniques.

Dependencies: Availability of remotely sensed data.
Outputs: Evaluation of the use of remotely sensed data in computer

model development.

7.7 Implementation and Uptake of Research Advances

The need for the Targeted Programme arises from the gap between academic research
activities and their adoption in practice. While it is an aim of the Conveyance Network
to promote research activity aligned to end-user needs, it is unrealistic to expect
academic research activity to deliver improved models, algorithms and knowledge that
can be applied by industry without further development. The current Targeted
Programme should therefore be view as the start of an ongoing process to continually
develop the research output from the academic community into methods and tools of
use to practitioners.

A further common theme identified during the Industry Focus Workshop was the need
for training of those expected to apply and interpret results from new methods and
models. In this regard there would be benefit in the EPSRC Conveyance Network
investigating the possibility of securing EPSRC funding to develop a Masters Training
Package to address this need.

7.8 Funding

Members of the Conveyance and Morphology Networks have met with representatives
of EPSRC to identify suitable mechanisms for funding the Strategic Programme. It is
likely that the EPSRC component of funding for the strategic research projects will be
from two sources:

• responsive mode grants to the EPSRC Engineering Programme; and
• a flood research consortium funded through the EPSRC Infrastructure and

Environment Programme.  A call for proposals in this is currently scheduled for
April 2002.

It is the intention that responsive mode applications arising from this Scoping Study will
be co-ordinated through the Network sub-groups.

The sum of money available to fund the flood research consortium will depend on the
geared funding that can be arranged from other research councils and DEFRA/Agency.
This needs to be explored through the inter-departmental meeting on “Integrated Water
Management – Building Research Partnerships and Securing Funding” to be held in
September 2001.
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7.9 Key messages from the Strategic Research Programme

1. A co-ordinated long-term approach is required to research in the area of river
flood conveyance. It is recommended that the Conveyance and Morphology
Networks form a working group to discuss this with the research councils. This
group should include a representative from the Agency.

2. It is important that an appropriate degree of management is provided, to ensure
that projects are funded sequentially to suit the programme. Otherwise, long-
term forward planning will not be possible.

3. There is a need for long-term funding of the maintenance of a World Wide Web
data access site. This funding is potentially outside the remit of the research
councils and will require to be discussed with the Agency.

4. There is a need for joint research council and Agency funding of field data
collection. Ideally, the Agency would fund long-term basic data collection, such
as water level and flow measurement and the research councils would fund
short-term specialist data collection such as velocity and turbulence
measurements, flow/vegetation interaction etc.

5. There is considerable benefit to be gained from the continued availability of the
Flood Channel Facility. It is therefore recommended that the Flood Channel
Facility be retained. It is likely that future research using this facility will require
joint research council/Agency funding.

6. A common theme identified during the First Project Workshop was the need for
training of those expected to apply and interpret new methods and models. In
this regard there would be a benefit in the EPSRC Conveyance Network
investigating the possibility of securing EPSRC funding to develop a Masters
Training Package to address this need.
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Figure 2.1 Environment Agency Flood Defence Map
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Figure 5.2 Hierarchy of data, models and users of the research programmes
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Figure 5.3(a)
Inter-relation of tasks
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Figure 5.3(b)
Inter-relation of tasks
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Figure 5.4
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Figure 6.1
C

onveyance Support System
 – user perspective
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Appendices
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Appendix 1

The Questionnaire
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APPENDIX 1 THE QUESTIONNAIRE
Q U E S T IO N N A IR E  O N  E S T IM A T IN G  F L O W  C A P A C IT Y  O F  R IV E R S

N a m e :  … … … … … … … … … … … … … … … … … … … ..Y e a r s o f  e x p e r ie n c e :… … .
J o b  t it le :… … … … … … … … … … … … … … … … … … …

C o m p a n y  / E n v ir o n m e n t  A g e n c y  R e g io n :… … … … … … … … … … … … … … … .

· B a se d  o n  e x p e rie n c e : ·  S ta n d a rd  ta b le s/p h o to g ra p h s
  fro m  te x t b o o k s  (e .g . C h o w ):

·  S o il C o n se rv a tio n  S e rv ic e  (S C S ) m e th o d :
(a lso  k n o w n  a s  C o w a n ’s  m e th o d )

· O th e r: (p le a se  sp e c ify )… … … … … … … … … … … … … … … … … … … … … … … ...
  … … … … … … … … … … … … … … … … … … … … … … … …

1 .  M e th o d s  u se d  fo r  r iv e r  m o d e llin g :  (p le a se  tic k )

· In -h o u se  so ftw a re :… … … … … … … … … … … … … … … … … … … … … … … … …

· C o m m e rc ia l so ftw a re  (v e rs io n ):

  H E C R A S : IS IS : M IK E 1 1 : O th e r:… … … … … .

· W h ic h  c o n v e ya n c e  m e th o d  d o  y o u  u se  w ith in  th e  so ftw a re ?

  S ta n d a rd  in  so ftw a re :  D o  n o t k n o w :

· D o  y o u  c o m p a re  re s u lts  w ith  o th e r  m e th o d s/so ftw a re ?

  N e v e r: S o m e tim e s : A lw a y s:

W h ic h ? … … … … … … …         W h ic h ? … … … … … … … … … .

2 .  H a n d  c a lc u la t io n  o f  c o n v e y a n c e : (p le a se  tic k )

·  H a n d  c a lc u la tio n s  (o r  w ith  th e  a id  o f sp re a d sh e e ts /c a lc u la to rs) :
  L a s t tim e  u se d :… … … … … … … … …

· S in g le  m e th o d : ·  R a n g e  o f m e th o d s:
  P le a se  sp e c ify :… … … … … … … … … … … … … … … … … … … … … … … … … … …

3 .  D e te r m in a tio n  o f  r o u g h n e ss  c o e ff ic ie n t :  (p le a se  tic k )

Y o u r c o n fid e n c e  in  y o u r  e s tim a te s: 1 .  2 .    3 .       4 .
(1 - h ig h ; 4 - lo w )

D o  yo u  c a rry  o u t se n s itiv ity  te s tin g  o n  ro u g h n e s s  v a lu e ?  (p le a se  tic k )
A lw a y s:         F req u e n tly : S o m e tim e s : N e v e r:

 W h e n  y o u  d o  se n s itiv ity  te s tin g , w h a t ra n g e  o f ro u g h n e ss  d o  y o u  ty p ic a lly  se le c t?
± 5 %             ± 1 0 %   ± 2 0 %                H ig h e r  (w h a t v a lu e ? )
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4.  Have you used recent methods for flow conveyance? (please tick)

· Method of James &Wark*: · Method by Ackers *:

· Other:………………………………………………………………………………..

* Both these methods are in NRA R&D Report 13.

5.  Do you take account of the following effects separately? (please tick)

Seasonal vegetation growth:

If so, how?……………………………………………………………………………………………..

Any other factors considered?………………………………………………………..

6.  What information/tools would help you most in improving estimations of river flow (and
flood) capacity?…………………………………………………..
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………

7. Any other comments?………………………………………………………….
……………………………………………………………………………………….
……………………………………………………………………………………….
……………………………………………………………………………………….
……………………………………………………………………………………….
……………………………………………………………………………………….
……………………………………………………………………………………….
……………………………………………………………………………………….

Notes for completion of the Questionnaire
This questionnaire is intended to provide information to the Environment Agency on current methods
used by practitioners to determine river flow conveyance (i.e. flow/depth/energy slope relationship).
The ultimate aim is to produce improved methods that will reduce the level of uncertainty in
estimations by taking into account parameters such as vegetation, 2D and 3D effects, etc).  Reducing
uncertainties in assessments of flow conveyance can have a significant impact particularly during
flood events.

Please fax your completed questionnaire by 12 March 2001 to:

Manuela Escarameia, HR Wallingford

Fax: 01491 825916

HR Wallingford, February 2001

River maintenance:
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Organisations that completed the Questionnaire

CONSULTANTS:
- Sector 105 Framework Consultants and NCPM Framework Consultants

• JBA
• WS Atkins
• Gibb
• Mott MacDonald
• Binnie Black & Veatch

- Other UK Consultants
• Bullen Consultants
• White Young Green
• Edenvale Modelling Services
• HR Wallingford

- Non-UK Consultants
• Bonnard & Gardel, Switzerland
• Lawson & Trelor Pty, Australia

ACADEMIC/RESEARCH ORGANSATIONS:
- UK

• University of Bristol
• University of Hertfordshire
• Cardiff University
• University of Birmingham
• HR Wallingford

- Non-UK
• University of Lleida, Spain
• River Engineering and Urban Drainage Research Centre, Malaysia

KEY AGENCY STAFF:
• Dr Mervyn Bramley, Flood Defence Development Manager
• Peter Spencer, River Modelling Manager, North West Region

OTHER:
• North West Water
• Lindsey Marsh Drainage Board
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Appendix 2

Results of the Questionnaire
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APPENDIX 2 RESULTS OF THE QUESTIONNAIRE

Question 1 Methods Used for River Modelling
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Question 2: Use of Hand Calculations
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Question 3: Determination of Flow Resistance

Methods for roughness coeff. determination
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Question 3: Determination of Flow Resistance (Continued)

Frequency of sensitivity testing on roughness 
value
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Question 4: Use of Recent Methods for Flow Conveyance

Question 5: Consideration of Different Parameters Separately

Recent methods for flow conveyance most used
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Appendix 3

Summary of Issues from Workshop 1
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APPENDIX 3 SUMMARY OF ISSUES FROM WORKSHOP 1

Normal Practice related to river flow conveyance
• Many studies still assume a standard roughness value, such as n = 0.035 (as given

in Chow’s text book)
• ISIS modelling usually is done with a 2 or 3 panel split in the conveyance

calculation (main channel, left and right bank).  This means that the conveyance is
calculated according to the Divided Channel Method for out-of-bank flows.

• In the past, modelling used only available river surveys, but with the current S105
survey contracts this is changing

• Modelling is experience-driven and so the results can depend strongly upon the
individual user.

Does Normal Practice Vary According to Application?
The practitioners from the Agency and consultants considered this definitely to be the
case.  The types of application identified were:

• S105 mapping studies;
• Improvement works.
These had different characteristics for budget and the end user of the work, though both
types of application relied upon 1-D models (such as ISIS and HECRAS).

Best Practice
The practitioners from the Agency and consultants considered that a difficulty in
adopting best practice was that the scope of work was budget driven limiting the
amount of sensitivity testing to identify the influence of parameter uncertainty.  Aspects
of best practice identified included:

• Use experienced modellers;
• Calibration of the model from observations;
• Audit trails: how, why, and  when are changes made to a model;
• Identifying what are the consequences of changes to a model.

What could improve practice and data requirements?
The practitioners from the Agency and consultants considered what could be done to
improve modelling practice and the consequent implications on study or more general
data requirements.  The issues raised included:
• Making best use of existing data;
• Linking with the Agency River Habitat Survey (RHS) – but the RHS currently

lacks hydraulic information for the survey sites, although it is planned to address
this in the post 2000-flood survey of selected sites;

• UK Equivalent of  “Hicks & Mason” book vegetation / photographic method;
• Improved information on flood plain (vegetation and physical features);
• Establishing a consensus on suitable / best conveyance methods for adoption by

software.
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Characteristics of the Improved Method and its Implementation
The researchers group characterised the “Improved Method” which is the goal of the
Targeted Programme and its implementation in practice in the following terms:

• There will be knowledge on vegetation in the software;

• The Improved Method may identify different approaches, but realistically in
studies for the Agency there is no time to use many methods;

• Sensitivity testing bands – easy in software.

There was a perception that potentially knowledge take up would be poor because of
lack of confidence in its general applicability.  Generating this confidence is a
substantial challenge for the implementation programme of the “Improved Methods”.

Possible short term research outcomes
The researchers group characterised the potential short-term research and development
outcomes of the targeted programme in the following terms:

• Produce “house rules” to select some methods and deal with any messy overlap
between methods (i.e. different results for the same data);

• Evaluate all methods and provide guidance on stage-discharge calculation with
test data sets;

• Produce guidance for estimation of Manning’s n;

• Take existing stage-discharge calculation methods and put the best in commercial
1-D models using open code (i.e. accessible to third party developers). [Note: an
EPSRC funded study is currently being undertaken by Prof. D Knight and Dr
Chris Whitlow entitled: “A scheme for enabling the adoption and application of
alternative conveyance formulations in river models”.]

Development of a Roughness “Advisor” or Decision Support – Expert System
A strong theme of the discussion was the need to systematise information on river
roughness in such a way that modellers in many offices and organisations could benefit
from accumulated specialist knowledge.   Aspects of this Expert or Decision Support
System were described as follows:

• Reach based assessments of vegetation roughness supported by RHS data;

• Build upon the MSc thesis by Shreedhar Maskey (Maskey,1999), funded from the
HR Wallingford in-house research programme, which incorporated a range of
rules for resistance estimation into a model of section conveyance;

• provide guidance on the effects of hedges and other major features on the flood
plain

• How should the schematisation to 1-D be undertaken;

• Recognition of flood plan roughness from LiDAR and CASI remote sensing.



R & D TECHNICAL REPORT TO DEFRA / ENVIRONMENT AGENCY Page 104

Priorities issues
The participants at the workshop were invited to generate ideas on four key topics to
inform the recommendations of the scoping study.  The topics were:
• Uncertainty
• Gaps in knowledge
• Barriers to the take up of research advances and
• The expected benefits of the research.

The full lists of ranked issues are contained in Appendix 3 of the Interim report, and it
was found that one third of the “votes” cast in the ranking exercise fell to only a few
issues in each general topic.   It must be borne in mind that the identification of issues
and the ranking are neither complete nor unbiased, but reflect the participation in the
workshop.  Nevertheless they give a snapshot of opinion of experienced professionals
and academics in this particular field, to inform the scoping study.   The issues which
achieved the most significant rating in each category are as follows:

Issues in uncertainty
• Modelling methods – variation
• Choice of Manning’s n
• Seasonal variability affecting vegetation
• Lack of adequate calibration data / errors in data
• Variation of parameters along a river reach

Gaps in Knowledge
• Effect of vegetation / hedges / banks / bushes on flow levels and extent of

flooding
• Interaction between the main channel and flood plain
• Comparative benefit of different conveyance methods – validity of methods

Expected Benefits
• Less uncertainty – Greater accuracy
• Fewer floods → smaller insurance premiums; better flood management/warning
• Improved engineering science

Barriers to uptake of knowledge
• Lack of understanding / consensus - Lack of confidence in knowledge
• Tradition / risk / inertia
• Time to do project / work coupled to the cost of the project (i.e. budget

constraints)

Other Issues
The Participants at the workshop were invited to suggest topics, which appeared to be
missing from the terms of reference of the Scoping Study.  The issues identified are the
views of the workshop participants and not all issues are necessarily worthy of further
consideration as some topics may be already covered by existing research studies. The
issues raised included the following, which the project team has assigned into five
categories:

Linkages with other functions and sectors
• Links with the River Habitat Survey ( RHS)
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• Enhancement of environment (ecology) through physical features of the
flow

• Link with remote sensing (new technologies)
• Links with low flow management.

Concepts and Definitions
• River section / reach – clarify their definition and use
• Tackle roughness assessment first then complexities of shape
• Methods might be specific for selected ranges of flow – high / low / out of

bank
• Hydraulic structures
• Hierarchy of methods.

Modelling practice
• Short-term (immediate) application of Scoping Study outputs
• Guidance on modelling specifications
• The need for data to calibrate 1-D models, need for choice of methods in

standards and guidance of choice of method
• Guidance on data gathering
• Select case studies with detailed data (S105 models or experiments) for

comparison of models
• Assessment of benchmarking.

Data Issues
• Wealth of data / knowledge
• Better use of remote sensing – new data capture
• Scottish data  –  ownership and access issues
• Agreed view – ideal and achievable.

Implementation Issues and Benefits
• Benefit of extra data cost?
• Added value for the various methods
• Pressure of time in consultants’ offices
• Continued long-term collaboration between academics/practitioners
• Long-term validation of the “Improved Method”
• Publicity in international forum.
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Appendix 4

Summary of Issues from Workshop 2
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APPENDIX 4  SUMMARY OF ISSUES FROM WORKSHOP 2

Group 1 – Experimental and Field Data

(a) Issues related to the Targeted Programme proposed in the Interim Report:

Is the existing single cross-section data sufficient?
In general, no.  Single cross-section data cannot be used to adequately test or evaluate
hydrodynamic models.  Where single cross-section data is available it is in any case
normally used to set up upper/lower boundary conditions for models and therefore
cannot provide independent validation. Thus there is a requirement for multiple cross-
sections, spatial data on velocities, water levels and water surface slopes, and patterns of
inundation (mapping, overflights) for model testing. However, cost and logistics are a
problem when there is no guarantee of flooding over a project contract period.
Environment Agency Teams are better suited for this task.  Such spatial data will also
be useful for calibration/conditioning of 1-D/2-D models at application sites.

Can sufficient field data be collected to verify methods developed on flume data?
Yes, given sufficient funds.  More often making use of whatever data is available for
model calibration (constraining uncertainty).   Agency data collection teams are often
sent out after floods but the data collected is not easily retrieved and could usefully be
stored in a database.  More data could be collected if the teams were made aware of the
value of the data.

Some section 105 studies are now grid referenced and associated with calibration data.
Two or more should be used to provide bases for detailed field studies under flood
conditions (multiple water level sensors, collection of velocity and turbulence data).
Detailed study sites need to cover different river types.

What is the minimum data required?
Data collection priorities cannot yet be easily specified.  Deciding on priorities would
be an important task for the Targeted Programme.  Need to differentiate between data
requirements for testing or "verifying" 1-D/2-D/3-D modelling concepts at detailed
study sites and data requirements for applications.  Overflight data (preferably at flood
maximum or several passes at different stages) would be particularly useful at all sites.
For model testing we could perhaps use FCF data as an analogy, using subsets of
existing data to test minimal data requirements.

All the six suggested topics were consider to merit priority in terms of short-term
research.

(b) Issues related to the Strategic Programme proposed in the Interim Report:

Can the Network find a funding mechanism to support long-term field data
collection?
If the Network works, then yes!
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Who should develop the funding plan?
A subset of the Network.  It is likely to need support from EA, EPSRC, NERC, and
DEFRA.  Overlap with other groups and with the EPSRC Morphology Network who
may propose detailed study sites suited to their needs.

Do the sub-topics identified in the Interim Report concerning “Field data
instrumentation and collection” adequately reflect the type of projects that need to
be undertaken?
The main comment is that topics do not differentiate between needs for model testing
and needs for model conditioning/constraining uncertainty at application sites.  It was
suggested that topics “Model validation” and “Morphology” could be merged but that
parallel streams be introduced for these two quite different aims.

Identify the three most important sub-topics related to “Field data instrumentation
and collection” plus any others identified during discussion.
All data collection is important but some evaluation of the worth of different types of
data is needed to enable priorities to be set in relation to costs.  Data collection needs
must recognise differences in channel type, particularly urban/rural differences.
A FCF model of a particular site chosen for detailed field studies might provide a useful
vehicle for increasing confidence in the application of knowledge gained in the first
series of experiments.

Group 2 – Conveyance in 1-D River models and rating curves

(a) Issues related to the Targeted Programme proposed in the Interim Report:

The models described by Prof. Knight are presumably derived based on FCF data
and understanding. Will they still be valid for real rivers or will features such as
hedges and lines of bank-side trees invalidate the mechanisms posited? How will
we know?
Models have been applied by universities to real rivers as well as FCF data, though the
tests chosen may be selective and do not cover a full range of cases. From the evidence
so far they will be valid for real rivers.

Can we obtain a method of sufficient flexibility and consistency that it will cover
cases such as open valleys with irregular meanders, bunded flood plain and
engineered compound channels, smoothly and without discontinuities, and scaling
from big to small rivers?
Two or three models are showing up well so far and should be tested in the open version
of ISIS.  The task of deriving a consistent modelling of all cases such as ‘open’
meandering river/flood plain; bunded meandering river; man made river, will be
difficult: COHM, SKM and WDCM for instance cover straight compound channels;
Ervine & Ellis, Shiono & Muto and Rameshawaram & Willets for instance cover
meandering channels; low sinuosity channels are likely to be especially difficult.
Transitions between cases in nature may not necessarily be smooth.  A unified method
with nul terms where phenomena do NOT occur may be appropriate.

Too many parameters may lead to onerous and ambiguous calibrations. Can the
method be parsimonious in its data and parameter requirements and therefore
practical to use?
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Users could handle two or three parameters beyond the normal n-values which would
include turbulence parameters. Software should include standard values for the latter as
users have no feel for these and would find it hard to vary during calibration. A
spreadsheet or simple front-end programme would enable users to try out values, and
could include an uncertainty estimator integrated in it. Emphasis on need for truly
experienced modellers who understand the hydraulics and modelling issues not just use
of software.

(b) Issues related to the Strategic Programme proposed in the Interim Report:

Can the Network find a funding mechanism to support future experimental work on the
FCF?
Need to push ‘Focus Area’ with EPSRC.

If so who should develop the funding plan?
The Network, led by Prof. Alan Ervine and Prof. Garry Pender with assistance from Dr
Mervyn Bramley and Prof. Donald Knight. Dr. Mary Fridlington and Peter Hedges are
the key people at EPSRC. They should also explore NERC involvement, especially on
aspects such as vegetation and environmentally engineered channels.

Do the sub-topics identified in the Interim Report concerning “Large-scale
physical modelling” adequately reflect the type of projects that need to be
undertaken?
Relevance of smaller flumes in achieving a cost-effective programme. Testing of
vegetation at Weed Research Centre and in purpose built flumes.

Identify the three most important sub-topics related to “Large-scale physical
modelling” plus any others identified during discussion
Flood plain flow (to include sub-topic on Roughness)
Lateral discharges
Hydraulic structures
Vegetation both emergent and submerged.

Group 3 – Hydraulic roughness

(a) Issues related to the Targeted Programme proposed in the Interim Report:

The users will want a comprehensive tool. Fisher & Dawson seem to present a
picture of a problematic knowledge base.  Does sufficient knowledge exist at the
moment to support the creation of a comprehensive ‘roughness advisor’ (paper,
web-based or expert system)?
We can make use of existing data  - from calibrations, specific studies, including data
from Scotland (SEPA and Local Authorities) and Northern Ireland (Rivers Agency).
There is sufficient data to enable a start: (1) useful guidance document (book with good
photos available on the Web), but not fully comprehensive; need to categorise rivers
correctly; range of roughness.

Develop methodologies for future data collection: start with simpler and then go to
more complex.
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Consider maintenance regimes/design conditions: higher flow rates or worse flood
conditions (i.e. vegetation + levels)?
Guidance document is only useful if training is also carried out.
Surface vegetation is not a good reflection of resistance – needs complementing with
visits to site and advice on seasonal effects.
Information on flood plain roughness (vegetation & developments) is not sufficient –
commonly assessed by physical modelling.

If more ‘unit’ (or zonal) roughness data is needed, can it be measured directly in
flumes within the time horizon of the short-term Targeted Programme?
‘Unit’ roughness is an issue to be addressed in the Strategic Programme.

(b) Issues related to the Strategic Programme proposed in the Interim Report:
Alternatives to Manning’s n unit roughness approach
Plan form component
Roughness component
C/S shape component  etc.

More field data required?
Yes, wider, more extensive range required (as many sites as possible).

If so, who should fund its collection?
The data collection should be funded by operating Authorities (EA, Local Authorities,
River Agencies) in a co-ordinated way.

How many additional sites do we need?
A minimum of fifty.

Do the sub-topics related to “Studies to improve roughness estimation” adequately
reflect the type of projects that should be undertaken?
An alternative roughness formulation is the ultimate aim: all the others feed into this.

Identify the three most important topics related to “Improve roughness
estimation” plus any others identified during discussion.
Flood plain flow
Two and three-dimensional modelling to improve understanding of lateral momentum
transfer across vegetated surfaces.

Group 4 – 2-D and 3-D modelling

(a) Issues related to the Targeted Programme proposed in the Interim Report:

The need for guidance on uncertainty estimation is mentioned little in the
responses to the Questionnaire.  However, if we are to convince the practical user
world that our new methods are worth using would it not be an essential
component?  Perhaps as part of the ‘Roughness Advisor’?
A “Roughness Advisor” and guidance on uncertainty estimation must collaborate
(roughness, uncertainty), but uncertainty goes beyond this.
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Uncertainty means very different things to academics and to practitioners.  It was
agreed that a set of guidelines on quantifying uncertainty was necessary which then led
to a concrete proposal.
The proposed research aimed to give guidance on acceptable good practice.  The
method for achieving this involved a literature review of the approach to uncertainty
analysis used by academics (e.g. GLUE); the EA; consultants (S105 etc).
A comparative study of all the techniques would then be conducted with the ultimate
goal of providing guidelines which are acceptable to all parties.
The group agreed that such a study would require funding of between 60k-100k.
The group identified that a separate activity was needed on flood forecasting/warning.

Dr Nigel Wright has written a very useful review paper on 2-and 3-D modelling.
Are guidelines on this to form part of the Targeted Programme’s outputs?
Guidelines would be a lower priority for uncertainty, but ultimately research into 2-D/3-
D models is a necessary part of the strategic programme.  The priorities for this research
are outlined below.

Proposal: The group agreed that 2-D/3-D modelling is needed, but that guidance is also
required (when to use 2-D/3-D; how resources will be broadly defined?).

(b) Issues related to the Strategic Programme proposed in the Interim Report:

What will be the future use of two and three-dimensional computer models in river
engineering?
The following topics were identified as engineering problems that 2-D /3-D models can
be used to address:
• Design of structures
• Local head losses
• Flood inundation (basin scale models: simple 2-D)
• Model parameterisation
• Local scour/sediment transfer
• Flood forecasting
• Extension of rating curves
• River restoration
• Mixing/pollution/sediment
• Floods in urban areas: particular case for R&D: complex surface/complex below

surface –i.e. range of causes/ 2-D +pipes.

Theoretically, it is possible to use 2-D and 3-D modelling techniques to tackle these
problems now.  It was thought that within five years 2-D modelling should be used
routinely for flood inundation problems and it would be good practice within 10 years
to use them for flood forecasting.

Do the sub-topics related to “Computer modelling” adequately reflect the type of
projects that should be undertaken?
Yes.



R & D TECHNICAL REPORT TO DEFRA / ENVIRONMENT AGENCY Page 112

Identify the three most important topics related to “Computer modelling” plus any
others identified during discussion.
High priority: Reducing uncertainty in model calibration; Real-time flood forecasting;
Model validation data; Validation of 2-D and 3-D computer models.
Intermediate importance: Roughness estimation in 3-D computer models.
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Appendix 5

The Specification for the Scoping Study
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APPENDIX 5 THE SPECIFICATION FOR THE SCOPING
STUDY

Specification for Scoping Study for Reducing Uncertainty in River Flood
Conveyance

1. Background
Significant advances in scientific knowledge about flow in river and flood plain systems
have been made by the UK research community over the past 15 years.  This research
was reviewed in early 2000 at a workshop attended by representatives of the research,
funder, and practitioner communities.   The workshop concluded that a major initiative
was now timely to advance current knowledge and practice in the calculation of
conveyance / river level for flow in rivers and flood plains.  Significant advances could
be made on methods currently being used, with related benefits from the reduction in
uncertainty.

Following this, the funders (MAFF, Environment Agency and EPSRC) agreed to co-
operate in encouraging further networking and developing a research programme that
would:

(a) Enable researchers and potential users to network together in order to improve
collective understanding of : 1) the current science base, 2) the expectations of
the research currently underway, 3) the type of methods currently adopted by
users – including current best practice, and 4) the improved tools and techniques
which might be achieved from current knowledge;

(b) Provide a forum for developing proposals for further research, both within the
science community, and as collaborative research undertaken jointly by
researchers and users – particularly for developing high quality proposals for
submission to EPSRC; and

(c) Provide a forum for advancing the boundaries of “best practice”, including the
development of new or improved tools and techniques.

Items (a) and (b) will be largely carried out under an EPSRC Network on Conveyance
in River Floodplain Systems, led by Prof Alan Ervine.  The Network does not deal with
the application of research knowledge per se, as such near market activities are
necessarily carried out by research users.

Discussion under item (c) between practitioners, researchers, those involved in
technology transfer into flood defence users, and programme managers has concluded
that the first step should be to develop “Improved Methods” for practitioners to assess
conveyance1 in river channel and flood plain systems.  This would be done largely
through the application of existing knowledge, information and expertise.

                                                
1 Conveyance (K) is a function of flow cross-section area, hydraulic radius, and hydraulic friction.  Depth
of flow is a variable within these factors.  Flow (Q) is the product of conveyance (K) times the square
root of the energy slope.  River stage and/or flow depth can therefore be calculated for given river flow in
the river channel / flood plain system.
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This specification sets out the requirements for a Scoping Study to define the future
“Targetted Programme” of research and related activities (such as redrafting of
management manuals) for developing these “Improved Methods”.  The methods will
comprise various tools and techniques (including associated models and manuals) –
each appropriate to the user community concerned.

The research on “conveyance” is taken to include related issues such as, for a given
flow, assessing river stage, water level on the flood plain and flood risk.  A further
related issue is  how best to take into account that the effects of vegetation management
and dredging on conveyance in the timing and extent of river maintenance regimes.

Relationship with EPSRC Network
Note that the Scoping Study must develop the best possible links with activities
(including the four sub-groups) within the EPSRC Network in order to draw
information from it.  However the Scoping Study must remain distinctly separate
activity.

Related Developments in the Environment  Agency
The opportunities to improve current practice through the transfer of new knowledge to
practitioners are not confined to transfer of new research findings.  Within associated
work areas, major advances have been made with (a) characterisation of river corridors
with the River Habitat Survey (RHS lead Agency Region – North West, under Mark
Diamond – Principal FRCN),  and (b) use of aerial surveillance in observing and survey
(lead in AGENCY – Nick Holden, National Centre for Environmental Data &
Surveillance, and representative for Data of the Risk and Evaluation of Uncertainty
PAB).  It is particularly important that the opportunities for optimum utilisation of these
tools and techniques are properly considered in the related area of conveyance
assessment.

Further developments within the Environment Agency relate to the user community.
The Agency has now set up two Framework Agreements with groups of consultants
who are involved in (a) flood risk assessment (S.105 Surveys) and (b) planning and
design of flood defence improvements within the National Capital Programme
Management (NCPM) Service.  Each of these groups has set up a sub-group to ensure
that improvements in practice in their area of working are developed in a manner which
makes best use of their collective skills.  These sub-groups – known as the Partnership
Technical Group and the Technical Development Group respectively – provide a new
opportunity to ensure that any improved method meets with the broad agreement of
users.2

                                                
2 The S.105 Consultants are led by Jeremy Benn & Associates (JBA) and comprise JBA; WS Atkins (plus
Peter Brett & Associates and Gibb); Posford Duvivier (plus Mott MacDonald) and Binnie Black &
Veatch (plus Symmond).  Technical Group led by Tim Palmer (EA) and Jeremy Benn (JBA).  The
NCPM Framework Consultants comprise WS Atkins; Binnie Black & Veatch; Halcrow; and Babtie
Brown &Root.  Development Group led by Keith Riddell (Babtie) and Mervyn Bramley (EA).
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2. Objectives

Overall Objective
To establish the technical plan, together with supporting documentation, for a targetted
programme of R&D to produce improved methods for practitioners to assess flow
conveyance (taken here to indicate the flow / depth / energy slope relationship) in river
channel and flood plain systems.

Specific Objectives
1. To put together and manage a team having research and end-user experience,

including effective links with the EPSRC Network (both with the Network Leader –
Prof Alan Ervine - and the Sub-Groups), to undertake and promote the Scoping
Study.

2. To draw up a robust framework linking the identified end-use applications with
relevant physical parameters, and indicating key steps in the assessment /
management processes.  The aim of this “conceptual framework” is to enable the
relevant steps in the process of assessing water level, conveyance and/or flood risk
(for a given discharge) both to be better understood by the end-user of the R&D, and
to be better considered by the research scientist. End-use applications are currently
envisaged as (a) flood level forecasting / flood risk mapping;  (b) planning and
design of new or improvement works;  (c) operations – effects and management of
vegetation.

3. To form an opinion on the state of (a) current practice (both best practice, and
normal practice); (b) available knowledge and information in the science /
engineering / technology (SET) base; and (c) on-going MAFF, Agency and other
R&D projects and technology development relevant to the Overall Objectives.  This
item will be done in liaison with the Network Sub-Groups.

4. To record the state of knowledge in 3. above in such a way that it (a) forms an
effective reference base for the future Targetted Programme and (b) assists the work
of the Network Sub-Groups.  With regard to (b), particular care must be given to
ensuring that the Network Sub-Groups understand the critical uncertainties that
cannot be addressed in the Targetted Programme, but need to be considered for
potential longer term research.

5. To discuss with the Network Sub-Groups and to specify any further short R&D
work (as distinct from the application of existing knowledge and information) that
will need to be carried out and feed into the future Targetted Programme.

6. To consider and develop a technical plan for the future Targetted Programme.  The
technical plan must include: breakdown into component sub-projects; objectives and
outline specification for sub-projects; targets and timescales; cost estimates and
optimisation of benefits of producing the Improved Method; management structure;
software development and support strategy; implementation and training.
Development of the Technical Plan must include cost / benefit optimisation for the
Targetted Programme in terms of 1) its costs and 2) the attributes and refinement of
the Improved Method (and related models and manuals).
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7. To describe – both in specification for future tender or negotiation, and in a “user-
friendly” statement – the outputs of the future Targetted Programme.  A different
output will be needed for each end-use application as described in Objective 1.

8. To assist MAFF / AGENCY and the Network Leader draw up the future
procurement strategy for the sub-projects in the Targetted Programme.  Note – the
breakdown structure and management structure for the Targetted Programme must
be practical and realistic in terms of (a) achieving the technical specification and
delivering the outputs, (b) public sector procurement (accepting that some sub-
projects will be negotiated, not tendered), and (c) its management structure.

9. To produce a Scoping Study report covering the results of 1,4,5,6 and 7.

3. Work Plan

The Lead Contractor for the Scoping Study must draw up a Work Plan – to be agreed
prior to award of the Scoping Study - setting out the various activities to be carried out
under the study.  The Work Plan must link clearly with the Specific Objectives in
Section 2 of this Specification.  It must indicate timing, outputs, who does what, etc.
Note that the Specific Objectives are now defined fairly tightly as these reflect the
consensus that is emerging from the discussions on advancing the boundaries of “Best
Practice” (see Background, Item (c)).

The following factors should be taken into consideration in drawing up the Work Plan
(item numbers refer to the Specific Objectives).

1. The Lead Contractor should form a tight Core Team, but should also engage the
services of various experts in different areas.  The key skills and work areas of each
of the team members must be stated and publicised within the Network.  It is
desirable to have a link with each of the Network Sub-Groups.  Links, but not
necessarily for paid services, should be established with (a) S.105 Technical Group,
(b) NCPM Development Group, (c) Agency clients and users, (d) data holders.

With regard to data, note that Ian Meadowcroft is responsible for the Risk Theme in
the new MAFF / Agency R&D Programme – “Data” is a sub-theme within this.  IM
will be building up an understanding of the sources and requirements for data in
flood defence generally.  Data for any Improved Methods must link into this, in
particular with the archives and role of the Agency’s National Centre for
Environmental Data and Surveillance (NCED&S) and the RHS Lead Region.  Nick
Holden represents the NCED&S on the Risk TAG.

2. The “Conceptual Framework” serves two key purposes – (a) it provides a basic
common understanding between the different players involved in the Scoping Study
and the Network, and (b) it sets out key steps, inputs and outputs in the assessment /
design process.

3. “Forming an opinion” is a lesser activity / output than a formal written review of
each of the aspects mentioned.
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4. “Recording the state of knowledge” is an essential part of communicating what’s
drawn together by the Scoping Study team (a) to the Network, and (b) through the
Final Report (and related information for the future Contractors developing the
Improved Methods).   Note the need for the Scoping Study to pass back to the
Network ideas for further research that cannot fit into the Targetted Programme.

5. “Short R&D work” must (a) have a high degree of certainty, and (b) be optimised in
terms of cost / benefit along with other items under Specific Objective 6.

6. The Technical Plan is a key output of the Scoping Study and should be presented in
the form of a Gantt chart with supporting descriptions and specifications of
activities.  The breakdown structure for the future programme must provide a clear
understanding of the component sub-projects and all other related non-project
activities (e.g. by the Agency customers).

The objectives and outline specification for these sub-projects must be presented in
sufficient detail to enable the Network to develop a clear understanding of the future
activities that the users intend to promote.  The draft Technical Plan and related
findings / proposals will be discussed with the Network at an open meeting.

The Contractor Team must develop a balanced approach to software development
from the viewpoint of ensuring that improvements developed within the Targetted
Programme can reasonably be implemented with the software currently being used
by the Agency and its consultants.  (It is recognised that this may not be able to be
done where practitioners are currently following “poor” practice).  Software
development issues should also include: consideration of the future need for
benchmarking of models; discussion and links with software users; agreement with
Agency users (represented by Peter Spencer, North West Region) and Corporate
Information Services (CIS); and the future support needed for any codes and for the
software development strategy.

7. The description of outputs of the future Targetted Programme must provide a
general description of the procedure and functionality of the “Improved Methods”.
This broad description is separate from the outline specification(s) that must be
produced.

8. The assistance in planning the future procurement and management under this item
is intended to ensure that the clear future approach is envisaged, and that appropriate
support is provided to the Agency.

9. The Outputs from the Scoping Study should – in general – follow the Agency’s
requirements for R&D reporting.  The number of printed reports (draft and final)
that are needed will be confirmed by the Agency’s Project Manager.  Numbers
indicated under Outputs below are provisional.
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4. Outputs

• Draft Technical Report on Scoping Study   (15)
• Final Technical Report and Project Record on Scoping Study   (50)
• Outline specifications and other supporting papers that are not central to the main

Technical Report shall be archived in a Project Record

Summaries and/or the full outputs must be placed on the Network’s Web Site which is
managed by the University of Glasgow.

5. Resources / Management

The Lead Contractor will form a “tiered” team with a small core team and a number of
expert advisors.  As the team will involve several very senior staff, it is important that
their time inputs are minimised wherever possible through having a general, more junior
supporting staff member in the team.  The Lead Contractor will appoint a Project
Manager who will liaise with the Agency’s Project Manager – Dr Mervyn Bramley,
Flood Defence Development Manager.

The Agency will set up a Project Board to provide responsive advice on technical
aspects and on the future management structure.  This will not duplicate the role of the
Network.

The resource requirements for the Scoping Study are estimated to be 50 – 70 person
days.  The actual resource requirements will be negotiated.

The Lead Contractor’s Project Manager will liaise with the Agency’s Project Manager
by the most appropriate means.  This includes weekly phone discussion, with monthly
meetings at Rio House to review progress and the emerging results fortnightly.

6. Proposed Targets and Timescales

• Start Scoping Study  - 8 January 2001
• Hold Workshop on Draft Technical Plan – end February 2001
• Submit Draft of Scoping Study Report – mid March 2001
• Meeting to review all written comments received on draft report – mid April 2001
• Complete Final Scoping Study Report, and related Project Record – end April 2001

Mervyn Bramley
Environment Agency 18 December 2000


