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EXECUTIVE SUMMARY

In 1997 the Environment Agency published its ‘Benchmarking and Scoping Study of
Hydraulic River Models’.  Applying this benchmarking process enabled the Environment
Agency to identify and apply best practice in the use and application of hydraulic modelling
for flood level estimation. 

Since 1997 the software versions previously tested (version date of 1995) have undergone
significant upgrades, the most important being that HEC-RAS now includes an unsteady state
module. During the same period the Agency has rationalised the software provided to its
staff, leaving just three river modelling packages currently supported namely ISIS, MIKE 11
and HEC-RAS. Consequently and as a result of the ever-increasing demands for hydraulic
river modelling by the Agency and its consultants and the increased number of flood risk
assessments being carried out by smaller consultants, the Agency has undertaken this new
benchmarking study.  HEC-RAS is particularly attractive for the smaller consultants, being
available to download free of charge from the internet, yet its capabilities were unknown.

A new generic test dataset and specification, which has built upon the strengths of the
previous work (Harpin et al, 1995 and Crowder et al, 1997) has been devised to enable river
modelling software packages to be benchmarked.  The specifications provide a range of
different tests that cover a broad range of modelling scenarios. A total of twelve test
specifications are published specifically to provide methods of assessing a) numerical
accuracy, b) model capability, and c) reproducibility. 

Datasets for each test and for each of the three software packages covered by the project are
also available on request from: FCERMscience@environment-agency.gov.uk.  These offer material 
readily tested by using identical data to that used in the original tests; and give other software
houses raw data to convert for use by their own packages.

The test specifications only assess a limited range of model capabilities and should be
reviewed, updated and added to as new datasets become available and as software capabilities
and needs develop.  The publication of the test specifications and datasets will enable others
to carry out these tests, for one or more of the following purposes:

• by novice modellers as a training exercise;
• by vendors with updates of the packages tested; and
• by other software houses to test their products against those already tested.
• 

The results of the testing have identified the capabilities of the three software packages for a
given set of prescribed modelling scenarios.  In addition the project has identified where the
software packages have very similar or diverse performances, and in some instances where
their application should be considered with caution. 

The specific test reports, which provide a succinct account of the test findings, should be
reviewed/referenced when individuals wish to assess the applicability of any one of the tested
software packages (ISIS, MIKE 11 and HEC-RAS) for their own modelling requirements.

The undertaking of the benchmarking study has led to a number of notable recommendations
for further study and software improvements.
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1 BACKGROUND

1.1 Background to R&D project

The National Rivers Authority (NRA) initiated a ‘Benchmarking Study’ of hydraulic river
models in 1993, with Stage 1 defining a series of tests for both steady-state and unsteady-
state applications.

In 1995 Stage 2 of this project was initiated, which involved all river modelling packages
then in use by the NRA being subjected to the tests defined by Stage 1 of the project.  The
versions current at the start of this stage of the project (September 1995) were used
throughout the project, and comprised six steady-state models and five unsteady-state
modelling packages.  The project was completed under the Environment Agency in 1997, and
the title amended to ‘Benchmarking and Scoping Study of Hydraulic River Models’ so as to
reflect the overall substance of the study. Applying the benchmarking process has enabled the
Environment Agency to identify and apply best practice in the use and application of
hydraulic modelling. 

1.2 River modelling packages currently used by the Environment Agency

Many of the eleven packages in the original test are no longer supported, and the others have
undergone significant upgrades since the 1995 versions previously tested.  In addition, the
Environment Agency has since rationalised the software provided to its staff, leaving just
three river modelling packages currently supported:

• ISIS
• MIKE 11
• HEC-RAS 

Both ISIS and MIKE 11 are unsteady-state packages, which have been upgraded since 1995.
A major change to HEC-RAS is that it is now has an unsteady-state module, so a direct
comparison of its capabilities with those of ISIS and MIKE 11 is now possible.

1.3 The need for river modelling

There are ever-increasing demands for hydraulic river modelling in support of flood risk
management by the Agency and other Flood Defence Operating Authorities together with the
consultants working for them and other organisations involved in flood risk assessment.
These needs cover a wide range of flood risk management activities - plans, strategies, flood
risk mapping and assessment, flood alleviation scheme option appraisal and design, and
operation and maintenance of rivers and channnels.  The requirements of PPG 25 –
Development and Flood Risk – mean that flood risk assessments have to be carried out for
any development within the floodplain, and in many cases this requires modelling of a river
reach.
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Many such flood risk assessments will be carried out by smaller consultants, for whom HEC-
RAS is particularly attractive, being available to download free of charge from the internet.

1.4 Need for updated testing

With the widespread use of HEC-RAS, and its recent ability to model unsteady-state flows,
the Agency became concerned that the capabilities of this new package had not been tested,
as apart from its use by the Agency’s own staff, it was anticipated that large numbers of sites
may be modelled using this package for flood risk assessments associated with planning
applications.  However, it was realised that the testing should not be of HEC-RAS alone, as
the other two packages supported within the Agency had also undergone significant changes
since the previous series of tests.

1.5 Principal funding

The project was funded and managed through the Engineering Theme of the joint Defra /
Environment Agency Flood and Coastal Defence R&D Programme on behalf of the range of
users described in Section 1.3.

1.6 Team members

The study was delivered through the following team:

Dr Chris Tomlin, Hydraulic Modeller, Environment Agency, Warrington
Dr Richard Crowder, Associate Director, Water Management and Planning, Halcrow
Dr Chris Whitlow, Director, EdenVale Modelling Services
Dr Andrew Sleigh, Lecturer in Civil Engineering, University of Leeds
Dr Nigel Wright, Senior Lecturer in Civil Engineering, University of Nottingham
Mr Andrew Pepper, External Advisor to Defra / Environment Agency Engineering Theme –
Project Manager
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2 TESTING PHILOSOPHY

2.1 Introduction

Software versions current at the start of the project (March 2002) were adopted for the new
series of tests.  These included the beta version of HEC-RAS Ver 3.1, from which there were
no significant changes in the final version, released during the project period.  At the start of
the project it was ascertained that no significant upgrades to ISIS or MIKE 11 were
imminent.  The actual versions tested were thus:

Software Version Developer
ISIS User Interface: 2.0 (13/01/01) Halcrow /

Flow Engine: 5.0.1 (27/06/01) Wallingford Software

MIKE11 User Interface: Build 5-052 (2001b) DHI Water and 
Flow Engine: 5.0.5.5 Environment

HEC-RAS User Interface: 3.1.0 (Beta) (03/02) US Corps of Engineers
Pre-processor: 3.1.0 (Beta) (03/02)
Steady Flow Engine:     3.1.0 (Beta) (03/02)
Unsteady Flow Engine: 3.1.0 (Beta) (03/02)
Post-processor: 3.1.0 (Beta) (03/02)

One of the key reasons for undertaking the project was to assess the capability of the new
unsteady-state mode of HEC-RAS.  As indicated above, this package utilises separate engines
for steady-state and unsteady-state flow computations.  For those tests which specified
steady-state conditions the models were used in quasi-steady state – i.e. using the unsteady-
state mode with boundary conditions that were unvarying with time - as well as steady-state
mode.

A reporting proforma was prepared as a number of different testers took part in the series of
tests.  The testers included postgraduates, who initially had training in the three different
packages and were subsequently able to carry out testing work under the supervision of a
team member.  Adoption of this procedure avoided the risk that experienced modellers would
automatically include their own ‘fixes’ for non-standard situations, and it was thus possible to
highlight areas where the packages were lacking either a feature or an explanation.

Support from the testers came either from team members or the vendors’ helplines (albeit this
was not available with HEC-RAS).
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3 STUDY OUTPUTS

3.1 Introduction

Benchmarking can be undertaken in many different guises; however, the project considered
that benchmarking of software should ideally embrace methods of assessing the following
criteria:

• Numerical accuracy
• Capability
• Reproducibility
• Adaptability
• Form and function

A total of twelve test specifications were prepared as part of this study.  These aimed at
covering as many of the above criteria as possible.

3.2 Numerical accuracy

The numerical accuracy of a software package can only be assessed if an analytical solution
exists for the physical situation/configuration that is being modelled, which for real world
modelling probably never exists.  However, for a number of contrived situations/
configurations there are known analytical solutions.  The following four tests, which all have
analytical solutions, were developed and undertaken:

Test A: Subcritical and Supercritical Flows – An assessment of the ability of the
software package to calculate subcritical, supercritical and transitional flows and assess the
numerical accuracy of the software packages with reference to analytical results.

Test C: Triangular Channel – An assessment of the capability of the software package
to calculate the normal subcritical flow depth and the normal supercritical flow depth in a
triangular channel.

Test E: Ippen Wave – A comparison of results generated by the software package with
an analytical solution based on the hydrodynamic theory of tidal wave propagation in a
horizontal channel of uniform cross-section and finite length.

Test F: Monoclinal Wave – An assessment of the ability of the software package to
recreate the special case of unsteady flow, known as the monoclinal rising wave, as a typical
case of uniformly progressive flow.

3.3 Software capability

The capability of a software package can be assessed objectively by testing the most
commonly required features of a software package.  For this project, the capability of the
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software was been tested by the following “can do” tests, which were defined and undertaken
specifically to assess capability:

Test B: Looped System – An assessment of the capability of the software package to
calculate a diverging and converging flow scenario, i.e. a looped system.

Test D: Weirs – An assessment of the capability of the software package to model a
Crump weir and broad crested weir.

Test H: Rules (Pumps and Gates) – An assessment of the capability of the software
package to implement a rule based methodology to simulate the operation of hydraulic
structures.

Test I: Side Spill – An assessment of the capability of the software package to model
flow over an embankment (side spill).

Test K: Culverts – An assessment of the capability of the software package to model
unsteady fluid flow in a circular culvert and the changes from free surface open channel flow
to fully pressurised pipe flow.

Test O: Outfalls – An assessment of the capability of the software package to model
flapped outfalls that are influenced by both tidal and fluvial boundary conditions.

3.4 Reproducibility 

Reproducibility has been tested by a series of comparison tests i.e. numerical results have
been compared with experimental or real world datasets, as follows:

Test J: Bridges – An assessment of the ability of each software package to model an
Arch Bridge (Part A) and a US BPR Bridge (Part B) under steady boundary conditions and
reproduce the flows as observed in experimental work.

Test L: Contractions and Expansions – An assessment of the ability of the software
package to replicate the behaviour of a surge wave, caused by the sudden collapse of a large
body of water, in a channel with a local constriction and expansion and compare the
numerical results against laboratory results.

Note that three other tests, namely Tests G, M and N, were initially conceived as part of the
project, but were omitted due to the need for further refinement and development.

3.5 Adaptability, form and function

A software package may excel at some or all of the above-mentioned tests, however without
the ability to be adaptable or to have suitable form and function the user will potentially be
hindered in its use.  Any such assessment must, however, be subjective as users have
different levels of experience and technical knowledge.  Within this project only a limited
assessment of on-line help and technical support, and error reporting and trapping has been
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included.  Other factors that affect usability, but which are beyond the scope of this project,
include:

• Data management
• Data import and export
• Flexibility to incorporate user-defined controls/structures  
• Integration with other modelling software/tools (including GIS)
• Principal outputs of the project

3.6 Test specifications 

Specifications for all twelve tests of hydrodynamic river models were prepared as stand-alone
documents for use by future testers, with the results reported separately.  All these
specifications have been placed on the webpages of the Engineering Theme of the Joint Defra
/ Environment Agency R&D Programme at  www.environment-agency.gov.uk/floodresearch.

3.7 Datasets

Data files have been prepared for each test in an appropriate form for each of the three
software packages (where possible).  These files have also been placed on the Joint Defra /
Environment Agency R&D Programme webpages at www.environment-
agency.gov.uk/floodresearch.

3.8 Results of the R&D Project

The results of the testing have identified the capabilities of the three software packages for a
given set of prescribed modelling scenarios.  In addition the project has identified where the
software packages have very similar or diverse performances, and in some instances where
their application should be considered with caution.

However, most of the tests could be completed with reasonable satisfaction by all three
model packages.  The results of the testing were passed to the vendors for their comments,
and in certain cases the report has been modified as a result of their comments.  Detailed
comments are written up in the test results.

A key finding, common across many tests, was the need to be aware of the potential problems
in using default values of various coefficients and parameters in the model.  In many cases it
was found that the default parameters were inappropriate, although guidance on when to alter
the default – and to what value - was often lacking.

3.9 Use of R&D outputs

It is intended that by providing the above information others will be able to carry out these
tests, for one or more of the following purposes:

http://www.environment-agency.gov.uk/floodresearch
http://www.environment-agency.gov.uk/floodresearch
http://www.environment-agency.gov.uk/floodresearch
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• By novice modellers as a training exercise
• By vendors with updates of the packages tested
• By other software houses to test their products against those already tested

The test specifications and test results are intended to be a supplementary resource for Defra
and Agency staff, research contractors and consultants, academics and students for assessing
the applicability and performance of river modelling software packages against defined best
practice for their own modelling requirements.

If tests for upgraded or new packages are carried out appropriately, and have been
independently verified, then the Agency will consider also placing those results on the
website.

Since the commencement of this R&D study, the software packages that have been tested
have had subsequent releases. The developers of the software packages have provided details
of these releases and supporting information in Appendix A. The responses presented in
Appendix A, are those received direct from the developers of the respective software
packages with out any editorial change. 

It is the opinion of the authors that some of the new updates stated by the developers are not
new and that they were available in the test versions of the software. This is particularly the
case for HEC-RAS. Furthermore, in the response for ISIS, statements are made about the
InfoWorks RS user interface (UI). In the opinion of the authors this is an alternative UI to the
ISIS numerical engine/software which was not available at the commencement of this study.
If it had been available then it would not have been part of the testing as it is currently not
supported by the Agency. 
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4 RECOMMENDATIONS FOR FUTURE R&D

Applying the benchmarking process enables the Environment Agency and others, particularly
other Operating Authorities, to identify and apply best practice in the use and application of
hydraulic modelling and as such should be considered as an ongoing and evolutionary
process.

The specifications need to be enhanced and expanded in order to enable benchmarking of
software as improvements and capabilities are made, and so as to consider more complex
hydraulic issues and real-life modelling problems that are relevant to river management. This
typically includes the following:

• hydraulic issues associated with planform (i.e. confluences, split flows and bends);
• use of hybrid 1D/2D, quasi-2D or 2D models (i.e. higher dimension models) for

enhanced floodplain modelling (inundation modelling / flood spreading);
• logical rules (i.e. structure operation);
• hydrological boundaries (i.e. groundwater flow, evapotranspiration, evaporation, FEH

inputs etc.);
• use of XML as a language for common data format; and
• effectiveness of water quality and sediment transport modules in hydrodynamic

models.

In order to achieve the above, suitable field data will be needed so as to enable qualitative and
quantitative benchmarking.

From undertaking the benchmarking study, a number of issues arose which were outside the
scope of the project, but which the project team felt worthy further of investigation, in order
to improve the accuracy of the hydrodynamic river modelling. These include the following:

• how packages handle interpolation – when it is needed, and what intervention by the
modeller is required;

• whether the default weighting factors are acceptable, and under what circumstances
they should be altered;

• use and relevance of the Courant number and appropriate time-step intervals;
• modelling of junctions - two methods can be used (water level or energy level

balance), but it is not clear which is the more appropriate in different junction
configurations. It may be necessary to carry out model or field tests to provide clear
guidance;

• incorporation of new conveyance formulations, such as the new Conveyance
Estimation System (CES) produced through the associated R&D Project ‘Reducing
uncertainty in river flood conveyance’. This may also involve guidance on preparing
and using conveyance tables; and 

• incorporation of new afflux formulations, such as the forthcoming Afflux Estimation
System (AES) being produced through the associated R&D Project ‘Hydraulic
performance of river bridges and other structures at high flows’
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The respective technical reports (W5-105/TR2 A to O) on each of the tests undertaken as part
of this study provides an expanded comment on recommendations for future R&D and
improvements to the modelling software tested.
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APPENDIX A SOFTWARE UPDATES

The responses presented in this Appendix are those received direct from the developers of the
respective software packages without any editorial change.  They record updates to the
following versions that were used for testing.

Software Version Developer
ISIS User Interface: 2.0 (13/01/01) Halcrow /

Flow Engine: 5.0.1 (27/06/01) Wallingford Software

MIKE11 User Interface: Build 5-052 (2001b) DHI Water and 
Flow Engine: 5.0.5.5 Environment

HEC-RAS User Interface: 3.1.0 (Beta) (03/02) US Corps of Engineers
Pre-processor: 3.1.0 (Beta) (03/02)
Steady Flow Engine:     3.1.0 (Beta) (03/02)
Unsteady Flow Engine: 3.1.0 (Beta) (03/02)
Post-processor: 3.1.0 (Beta) (03/02)

It is the opinion of the authors that some of the new updates stated by the developers are not
new and that they were available in the test versions of the software. This is particularly the
case for HEC-RAS. Furthermore, in the response for ISIS, statements are made about the
InfoWorks RS user interface (UI). In the opinion of the authors this is an alternative UI to the
ISIS numerical engine/software which was not available at the commencement of this study.
If it had been available then it would not have been part of the testing as it is currently not
supported by the Agency.
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