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Addendum Report: Method Statement  

1. Purpose of addendum 
This addendum report presents our method statement for the ongoing options appraisal and feasibility 
design stages and subsequent detailed design and implementation stages (Section 2), explains how the 
modelling will inform for the technical and environmental appraisal acknowledging the modelling 
limitations (Sections 3 to 7) and introduces our approach to the feasibility designs (Sections 8 to 10).  

Much of the addendum is a restatement of the method already outlined for the project. Although 
presented as an addendum, the content of this report is intended for the Preliminary Options Appraisal 
Report. It is provided in advance of this report and for this reason is ‘work in progress’ status. 

Specific issues raised by COWI, consultants to JASPERS 

COWI advised as follows based on their review of the model calibration/validation report:  

• calibration work on general flow conditions performed for the Danube acknowledge 

• model to provide a tool in predicting the effects of engineering solutions for navigation problem 

• engineering solutions: dredging, dams (dikes, groynes) and chevrons 

• model calibration based on water level, discharge, velocities, sediment concentration, bed level 

• concern that calibration on areas where no impact of comparable engineering impact is present 

• model calibration of basic processes in the river not specific processes of engineering solutions 
 

   

   
 
 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Map of the project area and the twelve critical locations for navigation (indicative) 
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In view of the above, COWI requested more detail on the application of the model during the 
assessment and design of the solutions, including the limitations of the calibrated models, 
supplementary tools proposed to mitigate against the model limitations and address the processes that 
are associated with the above engineering solutions, e.g. empirical methods, analytical methods, and in 
the detailed design also 3D and physical modelling.  

The aim is to demonstrate how the calibrated model will account for the performance of the proposed 
solution and how the model together with other tools will be applied in the later stages to manage 
limitations in terms of option selection and detailed design. 

COWI further advised on the need for possible model input to the environmental considerations 
specifically relating to the Appropriate Assessments: 

• need more information about the actual effects of the individual and combined interventions as 
these actual effects on the river hydraulics and river habitats are largely unknown 

• when assessing the potential impacts on the Natura 2000 sites and species protected by the 
Annex IV in the Habitats Directive – including the different species of sturgeons - the site-specific 
and species-specific impacts remain virtually a guesswork 

• as the requirements to the Appropriate Assessment (assessment of potential impacts on the 
Natura 2000 sites) given in Habitats Directive Art. 6 are quite specific in terms of evidence-based 
assessments of a certain scientific standard, the fact that the direct and indirect physical effects 
on habitats are currently undescribed constitutes a significant problem 

• if left unattended the quality of the Appropriate Assessments will most likely be insufficient for 
an approval by national and EU authorities 

• for Appropriate Assessment require quantitative descriptions of site specific and solution 
specific consequences on the following, compared with reference situation: 
- flow speed pattern (flood/dry, wakes and main flow) 
- suspended solids (average, annual variability) 
- scour development (rate, areas, depths)  
- areas of sedimentation (rates, areas)  
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2. Method statement 
The method statement, set out in this diagram (full scale 
version appended), is presented in stages: 

• Initial stage: build analytical models  
and formulate types of options  

• options appraisal and outline design stage:  
feasibility and preferred options 

• detailed design stage 

• implementation stage: construction  
and ongoing adaptive management 

As with any project, success relies on adopting  
an appropriate method set against the project 
objectives that will develop a solution, from  
inception to implementation, in a way that  
progressively reduces the project risks  
(uncertainties). Risks can be associated with  
technical feasibility, environmental acceptability, 
economic viability, affordability, constructability, etc.  

The method statement sets out: 

• The sort of information to 
be used to cross-check that 
the project assessments and 
conclusions about options 
are reasonable 

• The staged process of 
study, design, 
implementation, monitor 
and modification which, as 
it progresses, becomes 
more certain, i.e. to 
reduce risk 
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Initial stage: build analytical models and formulate types of options  
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Options appraisal and outline design stage: feasibility and preferred options 
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Detailed design stage

 
 

Implementation stage: construction and ongoing adaptive management 

 

 



Improvement of Navigation Conditions on the Romanian-Bulgarian Common Sector 
 of the Danube and Complementary Studies  

 HALCROW ROMANIA SRL 8 

3. Model limitations / uncertainties (risk) 
Each type of analytical model is very useful. It is important that the methodology takes appropriate 
account of the relative strengths and weaknesses of each model in achieving the project requirements. 
It relies on careful planning of the modelling approach at the project outset, with input from the entire 
project team to ensure the requirements can be met across all disciplines. A good example of this is 
environmental assessment, including impact and mitigation considerations. The model must also 
appropriately represent and simulate the river system and its morphological features.  

In developing technical solutions the model 
complexity trade-off against cost and risk is 
illustrated in this dimensionless graphical plot.  
It simply shows how an increase of model 
complexity (and effort) achieves a trade-off in 
terms of a corresponding increase of cost and 
decrease of risk. But even with the most complex 
model there is still a residual risk (uncertainty) 
which reflects modelling limitations. 

1D and 2D models are being used under the 
agreed scope for this project as set out in the 
main model report. 3D and / or physical models 
would be used at detailed design stage.  
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4. Technical information about the functioning of hard engineering structures 
2D hydraulic modelling is being used to investigate and predict the effect of various hard engineering 
structures being considered by the FAST Danube project to improve navigation conditions in the Lower 
Danube.  These types of structure, especially lateral dykes or groynes but also chevrons, has been used 
for decades to influence flow patterns to the benefit of navigation in major rivers such as the 
Mississippi, the Waal, the Rhine and the middle Danube. The hydraulics of flows around and over these 
structures in terms of their influence on streamline alignment and the patterns of erosion they create, 
are well known and understood, and are widely described in the technical literature and in manuals for 
their design.   

Many technical guidelines exist providing details about how dykes or groynes modify river flows in terms 
of physical factors such as their length, angle, spacing, height, degree of taper, river bank slope, bed 
roughness, and whether dykes are placed on one or both banks.  Recirculating flow fields between dykes 
and the velocity and erosion patterns around them have been intensely studied and presented in the 
technical literature.  Design information based on physical models and prototypes is available about the 
functioning of various configurations of dykes including L-head, spur, stepped and alternating dykes. 

Chevrons have been used since the early 1990’s on rivers in the US and though technical information is 
less extensive, their functioning is well documented in terms of their impacts downstream on scour 
formation and island building. Lessons learned and case studies published about their construction on 
the Mississippi river provide valuable understanding about how these structure function. 

Longitudinal dykes or guide banks have in the past been used in conjunction with cross-dykes to tie 
them to the river bank. Detached longitudinal dykes as navigation aids are less common and more at the 
experimental stage. Recent research and information is becoming available about their design and 
function, and prototypes have been constructed (2015) and their functioning trialled and monitored as 
part of the “Room for the River” project on the Waal River in the Netherlands. 
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5. Approach to substantiating the reliability of 2D modelling of interventions 
Output from hydro-dynamic modelling of the effects of constructing structural options such as lateral 
dykes, chevrons, longitudinal dykes or guide banks and islands at each of the twelve critical sites, will 
principally be in the form of: 

• velocity vectors, showing magnitude and direction of depth averaged velocities  

• global patterns of sediment erosion and deposition that would develop under representative 
channel forming hydrographic conditions 

• changes in water levels, surface water gradients and the separation of flows around islands.  

This output will be available for both baseline and option conditions, both in the vicinity of structures 
and throughout the river domain of each critical site.  

In order to assess the reliability and give confidence to the predicted modelled effects, output velocity 
vectors and sediment erosion and deposition patterns will be review and substantiated in terms of: 

• The overall geomorphological understanding of each site; the historical evolution and longer-
term stability of the site, including current flow and sediment dynamics based on existing 
planform, bathymetry and bed and bank materials; and how these may respond to structural 
interventions 

• Reference and comparison with expected modifications to streamlines, flow and erosion 
patterns as presented in published and widely available standard technical documents, manuals 
and guidelines  

• The application of expert judgement by qualified team members with long-term experience in 
river engineering and the design and general functioning and effects of these types of structure 

• In-country data and information, particularly historic dredged data when considering baseline 
and thus predicted global erosion and deposition patterns 

This will be achieved as follows:  

• Appraisal of the likely geomorphic response to structural interventions for comparison with 
model predicted response, will be undertaken by Professor Colin Thorne of Nottingham 
University 

• Reference to key published and available technical literature documenting likely response for 
comparison with modelled response will include inter alia (a)  Inland Navigation Channel 
Training Works ASCE MoP 2013 (b) Mississippi River Restoration Environmental Handbook 
USACE 2012 (c) Guidelines on Geometry of Groynes/ Groynes Affecting River Planform: 
Wallingford 1997 (d) Hydraulic Evaluation/Flow Patterns around Longitudinal Dams; 
Wageningen/Delft Universities 2017 (e) CIRIA 683 Rock Manual 2007 (f) Jansen: Principles of 
River Engineering 1979 (g) Streambank Erosion Protection/Channel Scour Manipulation WRRI 
Oregon State 1984 

• Expert judgement provided with reference to (a) USCE practising engineers with hands-on 
experience of design and functioning of structures and maintenance dredging programmes for 
navigation channels (b) Halcrow corporate experience and practising engineers with experience 
of designing and constructing groynes/dykes, river training and bank revetment works for river 
projects worldwide. 
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6. Model performance and application 
The development and validation of the 2D hydraulic models for the project is described in detail in the 
main model calibration / validation report. The models of the existing river channel have been 
developed from detailed bathymetric surveys and validated through comparison of simulation results 
with field measurements, to the extent that the river behaviour is captured by the measurements. The 
models are then modified to include the options considered at each critical location and simulations are 
performed to allow the effects of each solution option to be compared to the existing situation. 

Performance - hydrodynamics 

The reliability of the models in simulating hydrodynamic processes in the existing river channel has been 
confirmed through comparison to field measurements of velocity and water levels made during the two 
project measurement campaigns. The existing channel includes island features, similar to some of the 
solution options being considered, and the model simulation of the flow around such features is 
considered realistic, as indicated by comparison to the field measurements.  

The existing channel does not include any examples of large scale linear engineered features such as 
groynes or chevrons which could allow direct validation of the model representation of hydrodynamic 
processes at such structures. However, the software used for the models (DHI MIKE 21 FM) has been 
previously validated against theoretical geometrical arrangements, for which analytical solutions are 
available, and which are of a similar geometry to the types of structures being simulated – see Figure 2 – 
and the software is widely applied to the assessment of the performance of these types of structures in 
other locations. 

 
Figure 2: Validation of MIKE21 and MIKE3 Flow Model  
(extract from DHI document “MIKE21 & MIKE3 Flow Model FM, Hydrodynamic 
Module, Short Description”) 
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Performance – sediment transport 

Sediment transport processes are fundamentally more complex than hydrodynamic processes and the 
level of uncertainty in the available project field measurements for sediment transport processes is 
greater than for the hydrodynamic measurements. There is therefore a greater overall uncertainty in 
the model simulation results for sediment transport than for hydrodynamics. Although model results for 
erosion and deposition depths in the existing river channel are of a similar order of magnitude to the 
field measurements and show broadly similar distributions, there is likely to be more uncertainty in 
determining absolute changes in the river morphology than in using the results to compare the relative 
performance of solution options and the relative impacts on morphology. 

The existing channel does not include any examples of features such as groynes or chevrons which could 
allow direct assessment of the performance of the sediment transport model around such structures. 
However, the software used for the model simulations (DHI MIKE 21 FM Sand Transport Module) is an 
industry standard model and is widely applied to the assessment of the performance of similar types of 
structures in other locations – see Figure 3.  

 

 
Figure 3: Example application of MIKE Sand Transport module at linear 
breakwater structures represented in model bathymetry (extract from 
DHI document “MIKE21 & MIKE3 Flow Model FM, Sand Transport 
Module, Short Description”) 
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Model application 

An example of the model application for testing options at the Bogdan-Secian critical location is shown 
in the Figure 4. The first figure shows the changes in model velocity contours at a flow of 8000m3/s 
resulting from two different solution options – a chevron and an island. The second figure shows the 
changes in model river bed levels resulting from morphological simulations of an 8000m3/s flow 
hydrograph for the same two options. 
 

 

               
Figure 4: Example of the model application for testing options at the Bogdan-Secian critical location 
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7. Appraisal building blocks 
This section outlines how the model results will inform the 
environmental and technical appraisal work, and the 
assessment of potential environmental impacts – the next 
reports will present more detail. 

Formal information / results exchange forum: In progress with 
modellers and environmentalists exchanging updated 
information / results for maximum benefit for all involved 
interests; involving Romanian and Bulgarian environmentalists 
and international /  national experts. 

 

A. Environmental appraisal: 

Parameters (incl. model) Receptors Potential to impact 

- water level Fish, birds, mammals, etc - feeding, spawning, loafing 

- velocity (scale, direction) Channel: benthic zone - diversity / extent 

- scour / accretion Banks: aquatic/terrestrial habitat - diversity / extent 

- suspended sediment Floodable land - land-use / habitat / diversity / extent 

- water quality     

    

B. Technical appraisal: 

Parameters (incl. model) Improvements Design factors 

- water level Navigation fairway 
condition 

- width, length, velocities, cross flow, 
curvature 

- velocity (scale, direction) Dredge commitment  - annual, uncertainty 

- scour / accretion New river training works - location, navigability 

- morphological Bank revetment 
requirement 

- location, uncertainty 

 
Potential impacts on Natura 2000 sites and species protected (Habitats Directive, Annex IV):  

Potential impacts Model output / limitations 

Flow speed pattern  
(flood/dry, wakes and main flow) 

Model results provide this detail – results we have most confidence in. 

Suspended solids  
(average, annual variability)  

Model results include morphological simulations of particular river flow 
hydrographs – less certainty in results and annual variability a challenge. 

Survey campaigns datasets – very extensive in terms of spatial extent 
and density of measurements; though only covers limited 
seasons/flows.  

Scour development  
(rate, areas, depths) 

Areas of sedimentation  
(rates, areas)   

Model results include option simulation – less certainty in results and 
only covers limited number/duration of flow events due to 
computational demand.  

Survey campaigns datasets – baseline data on natural scour/deposition 
processes 
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Example checklist for dredging: options appraisal and adaptive management (monitoring):  

A. Physical parameters 

Potential effects Potential impacts 

- increase in flow velocities - erosion where high velocities are close to river banks 

- increase in peak flows - potential to increase in downstream flooding 

- increase in stream-power - potential for erosion of downstream banks 

- deposition of coarse sediment 
downstream 

- raises water levels with potential for bank erosion 

- encourages further sediment in 
dredged section 

- requires on-going maintenance dredging 

- triggers re-alignment and 
adjustment of upstream channel 

- requires corrective and maintenance works 

- alters floodplain hydrology - lowers groundwater levels, disconnects back channels 

 

B. Environmental parameters 

Potential effects Potential impacts 

- loss of natural in-stream features 
such as pools and riffles 

- results in loss of aquatic habitats 

- loss of in-stream vegetation  - reduces fish and invertebrate diversity and population 

- triggers loss of bank and near-bank 
vegetation and trees 

- bank erosion with loss of terrestrial and aquatic habitats 

- loss of in-river food supply  - reduced fish and top predator population and diversity 

- removes substrate - reduced fish spawning habitat 

- loss of in-river plant communities - reduced diversity and population of aquatic plants 

- settlement of fine sediment plume 
smothers river bed 

- loss of fish spawning grounds and juvenile fish habitat 

- increases suspended sediment - reduces water quality 
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8. Feasibility designs  
For the feasibility design the method considers the following: 

• Environmental impact – during construction and associated with the permanent works 

• Morphological impact – short and longer term 

• Ground conditions 

• Scour 

• Hydraulic performance 

• Structural response to hydraulic* and ice loads 
(*river flow / current and ships such as ship induced waves, propeller scour and suction) 

• Geotechnical stability 

• Availability of materials  

• Constructability 

• Maintenance 

Design objectives: 

• Provide fairway of sufficient width / depth for safe navigation throughout the year (340 days) 

• Display current velocities suitable for navigation. 

• Result in no unacceptable increase in flood water levels and no unacceptable bank erosion 

• Minimise impact on aquatic ecosystems and where possible, improve ecological conditions, 
particularly in relation to spawning and migration of Sturgeon. 

• Minimise and prevent, as much as possible, the impact on terrestrial ecosystems, in particular 
the Natura 2000 sites. 

• Reduce and control hydro-morphological deterioration. 

• Minimise the impacts of construction on the river environment, including preventing the release 
of unacceptable levels of pollution and silt and minimising the footprint of the in-channel works.  

Technical solutions considered for rigid engineering structures (traditional): 

▪ spur dikes 
▪ longitudinal dikes 
▪ chevrons 

• bendway weirs 

Technical solutions considered for morphological engineering: 

▪ fairway realignment  
▪ island creation 
▪ back channel restriction 
▪ flow diverters 

Design / other guidance documents: 

▪ River Training Structures and Secondary Channel Modifications, Upper Mississippi River 
Restoration Design Handbook 

▪ Manual on Good Practices in Sustainable Waterway Planning, ICPDR, 2010 
▪ Inland Navigation Channel Training Works, ASCE 
▪ Resource Manual on Flash Flood Risk Management, ICIMOD, 2012 
▪ C742 Manual on scour at bridges and other hydraulic structures, CIRIA, 2015 
▪ C683 The Rock Manual. The use of rock in civil engineering, CIRIA, 2007 
▪ River and channel revetments - A design manual, Escarameia, 1998 
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▪ Revetment systems against wave attack – A design manual, McConnell, 1998 
▪ Protection of river and canal banks – A guide to selection and design, CIRIA, 1989 
▪ BS EN 1997 Eurocode 7: Geotechnical design 
▪ Guidelines for the design and construction of flexible revetments incorporating geotextiles for 

inland waterways, PIANC, 1987 

• Risk consideration when determining bank protection requirements, PIANC, 1987 

Key considerations 

▪ River morphology 

River training works will have an impact on river morphology and are also affected by 
morphological changes of the river. The proposed river training works will be localised and will 
not attempt to constrain the whole cross-section of the river. Movement of the channel and bed 
may continue in non-protected areas.  

On large rivers such as the Danube, river bed levels may raise or deepen several meters during a 
single flood. The potential for channel deepening during flood events is increased by the 
construction of lateral river control structures as lateral energy is diverted downwards to the 
channel bed. 

The proposed river training works will be designed to cope with morphological changes, 
principally by ensuring the base of the structures is founded on non-erodible formation soils 
(bedrock) or below maximum predicted scour levels. The geotechnical conditions within the 
channel will be determined by future in-channel ground investigations. 

▪ Environmental impact 

Proposed dredging and construction of engineering structures to improve navigation will put 
pressure on the sensitive aquatic ecosystem. Navigational improvements can result in a 
stabilized, single thread, ecologically uniform channel lacking both natural in-stream structures 
such as gravel bars and connectivity to the river banks and floodplain. Such improvements lead 
to long term degradation of the environment, loss of spawning areas and long term decline of 
some aquatic species. 

Whilst the proposed navigational improvement works will be relatively localised in terms of the 
length of the River Danube, the Feasibility Design will seek to minimise adverse environmental 
impacts and improve ecological conditions.   
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9. Feasibility designs – rigid engineering structures (traditional)  
Technical solutions considered for rigid engineering structures (traditional): 

▪ spur dikes 
▪ longitudinal dikes 
▪ chevrons 

• bendway weirs 

Spur dikes  

Spur dikes are used to restrict the width of the river channel in low flows, thereby improving its 
navigability. They also reduce bank erosion by deflecting high velocity flow away from the bank. They 
are sometimes referred to as groynes but this term is generally reserved for coastal structures. They 
may be used as isolated structures or within a system. 

Spur dikes are often formed from an earth bund protected by armourstone that covers the exposed 
surfaces. Heavier erosion protection is required at the end of dikes where hydraulic loading and scour 
are most severe.  

 
Example spur dike (source: CIRIA C683) 

Spur dikes can serve the following purposes: 

▪ Stabilisation of the river channel to fix the low-water channel in a favourable position 

▪ Horizontal constriction of the low-water channel to provide a greater depth 

▪ River bank protection by keeping the main flow away from the banks 

Environmental best practice 

From an ecological perspective sedimentation between spur dikes is undesirable and aquatic 
biodiversity is improved by maintaining some near bank flow.  

A pilot project on the River Danube in Austria has removed old spur dikes and replaced them with fewer 
dikes set at a lower level, with the dikes angled in a downstream direction. The dikes include a fish by-
pass between the bank and start of the dike allowing fish passage and reducing sedimentation between 
the dikes. This new arrangement has led to higher dynamics along the river bank, improving habitats for 
local wildlife.  
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Figure 5: Witzelsdorf pilot project (source: Manual on Good Practice in sustainable Waterway Planning) 

Along the River Elbe, more the 6900 spur dikes have been installed for navigation resulting in a severe 
loss of structural diversity along the river banks. Sedimentation between dikes has led to the loss of 
riverine habitats such as scour holes and gravel banks. Some of the dikes were replaced with v-shaped 
structures (inclined on the bank side and declined on the river side) and inclined structures.  

These improvements have increased hydromorphological dynamics which will in turn decrease the 
aggredation processes in the dike fields. The improved structural diversity in the dike field is also 
improving the conditions for aquatic fauna. Long term monitoring will determine the final ecological 
efficiency of these new designs. 

Spacing and length 

With a wider spacing between the spur dikes, the currents generated between them are stronger, with 
an increased risk of erosion to the riverbank. The eddies between successive spur-dikes need to be 
strong and stable, which restricts the spur-dikes spacing. In general, the spacing between dikes should 
be 2-2.5 times the spur length along a concave bank and 2.5-3 times the spur length along a convex 
bank although dike spacing to dike length ratios of 1 to 1 are frequently seen on European rivers. 
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The effect on flow is best fulfilled 
when one strong eddy is created 
between each pair of dikes with the 
main current deflected outside the 
spur dike field. A dike spacing which 
is too narrow is not optimum and 
leads to a waste of resources. If the 
dike spacing that is too wide can 
result in the main river current 
becoming directed at the dike or 
river bank leading to dike and bank 
erosion and instability. 

Ideally the dike spacing will ensure 
the near back velocities are such that 
additional bank protection 
requirements will be minimal or not 
required, depending on the 
conditions at each site. Figure 6 
shows the change in flow pattern 
between dikes with increasing 
spacing with type 1 being the ideal 
situation and type 6 being an 
undesirable pattern. 

Hydraulic and sediment transport 
modelling at each site will be used to 
determine optimal dikes spacing. 
 

Figure 6: Flow patterns between dikes (source: Bank protection techniques using spur dikes) 

 

Orientation 

Typically spur dikes are attracting (or inclinant), deflecting or repelling (declinant) – see Figure 7. 

 
Figure 7: Spur dike orientation types (source: ICIMOD) 

Sedimentation is more likely to occur behind spur dikes facing upstream and downstream facing dikes 
lead to erosion of the river banks which is undesirable at along the Danube corridor. Therefore, for the 
River Danube project, spur dikes will be orientated perpendicular to the bank.  
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Height 

Spur dike crest levels will be determined through detailed hydraulic modelling to ensure they are high 
enough to function as required during low flows but overtop during floods to ensure there is no 
unacceptable increase in flood risk. 

Longitudinal dikes 

Longitudinal dikes run parallel to the alignment of the channel and create a false bank line directing and 
concentrating flow along the navigation fairway. Longitudinal dikes can be continuous or incorporate 
gaps to encourage some flow between the dike and bank and reduce sedimentation.  

The advantage of longitudinal dikes over spur dikes is that they create less obstruction to flow during 
flood conditions where spur dikes may cause an unacceptable increase in flood levels. 

 
Longitudinal dike, River Rhine, Walsum (source: Google Earth) 

Chevrons 

Chevrons are V or U shaped structures that point upstream and divert river flow towards the main 
channel, improving navigation. They can create several different types of river habitat, with variable 
depth and low velocities. 

Overtopping during high flows leads to a large scour hole forming inside the chevron, downstream of 
this area the reshaped material deposits creating a shallow bar. It is possible to dispose of dredged 
material in the lee of a chevron to form and island if appropriate. 

The slack water area in the lee of a chevron is good for overwintering and juvenile fish. The potential 
plant life established along the wetted edges and uneven rock structure can provide good cover and 
feeding areas for fish. 

A series of chevrons can be used to split flow between a side channel and the main channel. 

No specific hydraulic design criteria have been developed for chevron field layouts and design will be 
based on hydraulic and sediment modelling and engineering judgement. 
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Example chevron field (source: Inland Navigation Channel Training Works ASCE MOP) 

Bendway weirs 

Bendway weirs are submerged 
rock structures normally located 
near the thalweg and are used to 
improve navigation conditions by 
re-directing high-energy flow away 
from the bank and towards the 
navigation fairway. 

 

Example bendway weir field (source: US 
Army Corps of Engineers) 

No specific hydraulic design criteria have been developed for bendway weir field layouts and design will 
be based on detailed hydraulic and sediment transport modelling and engineering judgement. Typical 
weir spacings are between 2 and 3 times the length of the weir. 

Bed sills 

At channel bifurcations bed sills can be introduced to divert flows away from the secondary channel into 
the main navigation channel. Sills can be stepped or sloping and be formed from a variety of materials 
including concrete, rock or gabions. 

Other design considerations 

Cross-section design 

For all the structure types discussed above, there will no difference in terms of their cross-sections. 
Typical cross sections are shown below. 

Slopes for river training structures should be as steep as possible to minimise the volume of fill and rock 
required for construction. Typical face slopes are 1 in 1.5 to 1 in 3. The slopes and crest of the structure 
will be formed from rock armour with rock sizings to suit the maximum current velocities, ice loading, 
ship induced waves and propeller scour. 

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwixwtmMxLnZAhUGuBQKHYLCA_0QjRx6BAgAEAY&url=https://www.army.mil/article/70627/river_training_structures_innovative_engineering_keeps_a_dynamic_river_open_for_navigation&psig=AOvVaw3jq0i0RZtmp5MbSHvgVOw-&ust=1519389225178682
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At the end of structures, slopes of 1 in 5 to 1 in 10 are commonly used for large structures. Reducing the 
slope and/or increasing the armour size will provide resistance against the increased turbulence and 
flow velocities around the end of the structure 

Where scour at the toe of the structure is expected, an adequate falling apron is required. A falling 
apron is a ridge of armourstone dumped at the toe of the revetment which falls into the scour hole that 
develops at the toe of structure, maintaining protection to the core of the river training structure. 

 
Figure 8: River training structure typical cross sections (source: CIRIA C683) 

Rock sizing 

Rock armour will be sized using Escarameia and May (1992), Pilarczyk (1990) and Maynord (1995) as 
presented in CIRIA C742 Manual on scour at bridges and other hydraulic structures. These equations 
incorporate coefficients for varying turbulence intensities. It is standard practice to assess rock armour 
sizes using the three different methods and select the largest answer. 

Rock armour will be checked for stability under wave attack using Van der Meer formulae as presented 
in CIRIA C683 The Rock Manual.  

Where appropriate an assessment will be undertaken to determine maximum near bed velocities 
resulting from propeller action and determine rock armour requirements. 

Scour 

Scour checks will be carried out in accordance with the methods described in CIRIA C742 Manual on 
scour at bridges and other hydraulic structures as follows: 

▪ General channel scour – 2D sediment transport modelling results to be used – more reliable 
than Lacey regime equations, Shields/Hanco threshold of sediment movement methods etc. 

▪ Local scour at toe of a dike – Van Rijn method 
▪ Local scour at revetment – Joglekar method 
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Constructability 

It is assumed that all of the structures described above will be constructed underwater. It would be 
possible to install cofferdams around the works however, this is likely to be prohibitively expensive.  

 
Pilot project Witzelsdorf – all construction from river 

Filter layers 

A filter layer between the formation soil and river training structure above is usually required to reduce 
settlement of the structure and prevent fines from the underlying soil washing out through the structure 
leading to settlement. Filter layers are normally formed from layer of granular material or geotextiles. 
Filter design will depend of the material in the river bed. 

Placing granular filter layers in flowing water is difficult as the finer sediments are washed downstream 
making it quality control very difficult. Placement of geotextile layers is also challenging although 
options are: 

▪ Geotextile with fascine mattress on top and below can be floated into position and sunk onto 
the bed by loading rock armour 

▪ Ballasted geotextile such as Naue Sandmat with two layers of geotextile with a sand layer in 
between that sinks under its own weight. 

Core material 

Assuming the structures will be constructed underwater, in flowing water, core materials will need to 
resist erosion for the construction period until the armourstone layer is placed on top. It may be 
possible to construct temporary containment bunds around the structure to allow layers of earth to be 
built up to form the core of the structure. Otherwise options for forming the core of the structures are: 

▪ Rock fill 
▪ Earth fill (susceptible to erosion during construction) 
▪ Earth/sand filled geotextile bags 

Rock armour 

The rock armour cover layer will either be tipped or placed by machine over the structure to protect it. 

Construction sequence 

The anticipated sequence for construction of hard river training structures is as follows: 

▪ Select a period of low river levels for construction 
▪ Excavate river bed to formation using a barge mounted excavator/dredger 
▪ Float geotextile separation membrane into place 
▪ Place structure core material form barge then tip or place rock armour cover layer  
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10. Feasibility designs – morphological engineering  
Technical solutions considered for morphological engineering: 

▪ fairway realignment  
▪ island creation 
▪ back channel restriction 
▪ flow diverters 

Whilst the traditional river training structures described above have a proven track record in improving 
navigation conditions it is also recognised that they can cause far reaching problems in a river including 
interruption of sediment supply, bed degradation, negative impact on fisheries and other environmental 
receptors, erosion of river deltas etc. 

The provide a better balance in achieving the required navigation conditions, reducing impact or 
improving conditions for aquatic flora and fauna and working with the natural morphology of the river 
more natural, morphological solutions will be considered in this study. 

Island creation 
New islands created in the river are multi-functional structures improving navigation conditions by 
redirecting and concentrating flows, providing valuable habitat for terrestrial and aquatic flora and fauna 
and the island lee-side can be used for disposal of dredged material where it is at low risk of re-suspension. 

  
Island building, Wachau, River Danube 
(source: Life Nature Wachau, 2008) 

Island building, Bonners Ferry Island project  
(source: Lower Meander Project Design Report, RDG 2017) 

Core material 

Options for sourcing the main core of a new island are: 

▪ Dredged from the river channel: Sand and gravel dredged from the adjacent river bed using a 
cutter suction dredger and pumped directly onto existing sand bars. Some sand maybe swept 
downstream by the current during placement – construction should take place during low flow 
periods. Large earth moving equipment will be used to shape the island as required.  

This option requires a large quantity of material to be removed from the river bed and this could 
include a significant overdig of the fairway to ensure long term navigation improvements. Cutter 
suction dredging would not be suitable if the river bed is formed from cohesive material or rock. 
If necessary a sand filled bag/tube or rock containment bund could be placed around the 
perimeter of the island to provide tranquil conditions inside for depositing dredged material 

▪ Borrow pit: Rock or earth will be excavated from a nearby landside borrow pit, transported to 
the river then along a causeway to the proposed island location and tipped in place. Large earth 
moving equipment will be used to shape the island as required 
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Cutter suction dredging Causeway construction 

Erosion protection 

The upstream end of an island will be subject to current attack and erosion protection will be required. 
There are various options to provide erosion protection including rip rap, fascines, geotextiles and 
timber piles. Refer to Section 4 below for further detail. 

Vegetation 

To prevent the top and sides of the island being eroded during flood events it is essential to quickly 
establish a vegetated cover. The island surface should be covered in a coir based 100% biodegradable 
geotextile (e.g. Salix Bionet C125BN) and plug planted with native bushes and trees. The coir blanket 
should be undersown with suitable grass seed mix. 

Assuming the island core material is free from organic matter, this will need to be added to provide a 
suitable substrate for plant growth. Organic matter should be mixed into the surficial layer or topsoil 
added. 

Flow diverters 

Flow diverters can be used to provide some moderate redirection of flows and disposal locations for 
dredged material where is cannot be re-suspended. Large scour holes develop downstream of the flow 
diverter tip providing potential over-wintering habitat for Sturgeon. 

  

Flow diverter (source: Lower Meander  
Project Design Report, RDG 2017) 

Timber erosion protection (source: Lower  
Meander Project Design Report, RDG 2017) 
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Back channel restriction 

At a number of sites, navigation issues at low flows are primarily due to a significant proportion of total 
river flow passing along a back or secondary channel, away from the main navigation channel. Whilst it 
is recognized that back channels provide valuable aquatic habitat reducing the proportion of low flows 
passing along them can improve conditions in the main fairway whilst maintaining the back-channel 
habitat. Caution is required to ensure that any works to restrict back channel flows do not result in 
excessive siltation or even closure of the channel over time.  

Reducing flows along back-channel will be achieved by raising of the river bed by incorporating a rock 
riffle near the downstream end of the channel before it rejoins the main channel. By creating a very 
gently sloped raised bed section, low flows are re-directed into the main channel whilst maintaining 
some flow in the back-channel. The gentle slopes ensure there are no problematic head losses or 
turbulence that could cause scour. 

Fairway realignment 

Where the existing fairway is following a straight path, and is experiencing siltation problems, there may 
be an opportunity to realign the fairway to follow a more sinuous alignment that is more in-line with the 
rivers natural tendency meander along the thalweg. By realigning the fairway in this way it may tend to 
remain naturally open to provide suitable navigation conditions. 

Other design considerations 

Bank protection 

The level of bank protection required to prevent unacceptable erosion will depend on flow velocities in 
the channel. Flow velocities will be confirmed by hydraulic modelling. Where possible the design shall 
seek to use soft engineering solutions however, where high velocities are expected hard engineering 
options may be required to prevent bank erosion. Options for bank protection are discussed below. 

Rip rap 

Rip rap comprises a layer of graded rock laid up the bank with a geotextile separation layer underneath. 
 

  
Typical rip rap (source: CIRIA C683) Figure 9: Typical rip rap section (source: CIRIA C683) 
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Key points: 

▪ Can be designed to resist very high flow velocities 
▪ Rip-rap can be visually intrusive where used in inappropriate locations. 
▪ Expensive if no local source of rock 
▪ Can provide good habitat for invertebrates 
▪ Appearance can be masked by filling the void spaces above water with soil or gravel 
▪ Any excavated material from river bed and banks can re-establish habitats and hide the rip-rap 
▪ Low maintenance 

Brushwood fascines 

Brushwood fascines comprise layers of live or dead woody material held by a grid of timber stakes. 
Fascine mattresses are very effective at trapping silt 

 
Brushwood fascine installation 

 
Typical brushwood fascine 

Key points: 

▪ Supports vegetation growth 

▪ Provides habitat for invertebrates 

▪ May require ongoing maintenance 

▪ Not suitable for underwater applications 

Option 4: Geotextile erosion protection  

Long term erosion protection of river banks can be provided using geotextile products such a Salix Vmax 
C350 which comprises two layers of high strength plastic matting with a coconut fibre matrix between. 

 
Typical geotextile erosion protection 

 
Typical geotextile erosion protection 
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Key points: 

▪ Can resist flow velocities of up to 6m/s 

▪ Supports vegetation growth 

▪ Relatively low cost 

▪ Possible to plug plant with suitable plants to accelerate vegetation establishment 

Vegetated banks 

Vegetated banks will self-protect to an extent, with 
empirical methods for determining resistance 
based on current velocity, coverage and duration, 
see this example. 
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Method Statement 


