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• A history of varying 
typologies of bank 
protection

• A functional
categorization of bank 
protection measures 
(WG128, Part 3)

• A process for selecting 
bank protection methods
(“7 steps” from WG128)

Overview

Figures: Permeable palisades with reed planting close to Essel Town, Germany (Berhard 
Söhngen), Shallow-water zone protected by parallel dam for the Canal Ghent–Bruges, 
Belgium (Jeroen Verbelen)



A brief review of bank 
protection resources



British Waterway Management Guide (1999)

• Grass revetment

• Reed planting 

• Live willow on toe and bank 

• Grassed composites 

• Toe rolls

• Toe geotextiles, fibre rolls

• Rock and fibre rolls 

• Vegetated open-cell 
revetment 

• Vegetated stone revetment 
and toe protection

• Vegetated concrete-units 
revetment

Figures: All figures and photos reproduced here from the WMG with permission from the authors (© Canal River Trust, UK).



UK Green Approaches in River Engineering (2017)

• Willow spiling and bundles 

• Turf or vegetated 
reinforced mattresses and 
seeded geotextile with 
rock rolls as toe protection 

• Live root wads

• Willow-brush mattresses 
on coir matting with stick 
bundles, rock rolls, and 
logs as toe protection

Figures: https://www.therrc.co.uk /manual-river-restoration-techniques



Recommended measures from German DWA-M 519 code of practice on 
technical-biological bank protections for inland waterways (2016)

• Reed mat with vegetation roll as 
foot protection

• Pre-vegetated slope mat with 
grass

• Pre-vegetated slope mat with 
hardwood cuttings

• Willow weave

• Living fascine with hardwood 
cuttings

• Vegetated geotextile bodies with 
(hedge) brush (bush) layers

• Chamber revetment (vegetated 
stone mattresses, reed gabions) 

• Willow brush mattresses with 
heavy riprap as toe reinforcement

• Vegetated riprap

Figures: Schematic of reed mat with vegetation roll (DWA-M 519), installed reed mat at the Rhine section at Worms (WG128, Part 2), live fascine 
with hardwood cuttings (DWA-M 519), realization at small flowing waters without navigation (WG128, Part 2) 



US Federal Interagency Stream Restoration Working Group (1997)

• Bank shaping and planting

• Branch packing

• Brush mattresses

• Coconut fiber roll

• Dormant post plantings

• Vegetated gabions

• Joint plantings

• Live cribwalls

• Live stakes

• Live fascines

• Log, rootwad, and boulder 
revetments

• Riprap

• Stone toe protection

• Tree revetments

• Vegetated geogrids

Figures: US Federal Interagency Stream Restoration Working Group 



Environmentally Sensitive Channel- and Bank-Protection Measures
(McCullah and Gray 2005, NCHRP 544)

Bank protection actions are 
presented alongside other 
river management actions.



Bank Stabilization Design Guidelines for Bureau of Reclamation 
(Baird et al. 2015, SRH-2015-25)



What can we take home from prior guidance documents?

• Bank protection actions are embedded 
in the context of a broader set of river 
management actions.

• Bank protection involves some 
combination of materials.

• Steel / concrete / rock

• Soil stabilizers / textiles 

• Bank vegetation

• In-water vegetation

• Large wood

• Technical-biological bank protection 
includes a huge spectrum of how 
materials are combined (and named).

Figure: Chris Haring (USACE Coastal & Hydraulics Laboratory)



A functional 
categorization of bank 
protection measures 

(WG128, Part 3)



According to the position of the measure

• Direct measures: The bank protection is 
constructed directly on the surface of the bank 
slope (more information see Chapter 3.1 in 
Part 1).

• Indirect measures: The bank is protected by 
measures, generally dams or palisades, 
repelling or reducing impacts (e.g., wave 
breakers).

• Combined measures: These are combinations 
of both direct and indirect measures or those 
using technical and elements and living plants. 

Figures: Vegetated concrete units revetment from the WMG (© Canal River Trust, UK) and 
permeable palisades with reed planting close to Essel Town, Germany (Berhard Söhngen) 



According to the protecting matter

• Bioengineering measures: The protection-effect is 
implemented predominantly by plants, preferably 
living plants (e.g. grass, reed or willows). 

• Bio-technical engineering: There is a significant 
number of technical elements used (e.g., dead 
wood, steel wires, plastic mats, fibre rolls, 
geotextiles, stones), but the flow-deflecting, 
reducing and protecting function is still achieved 
predominantly by living plants (e.g., vegetated rock 
and fibre rolls, vegetated geotextile bodies). 

• Vegetated structural engineering: The protection 
function will be achieved predominantly by 
technical elements as gabions, concrete mats or 
riprap, but the measures offer at least somewhat 
ecological upgrade. 

• Conventional technical solutions: Not in the scope 
of WG128. See PIANC (1987) or GBB (2010). 

Figures: Grass revetment from the WMG (© Canal River Trust, UK) and Measure 3.2.3.1 
at Charlottenburg, Berlin (Berhard Söhngen) 



According to the extent of the protection

Linear measures: In waters with low 
water level changes, where the impact 
zone on the bank slope is small, it may 
be appropriate to protect only a small 
part of the bank or the bank zone. 

Figures: Wattle Fence at Gernsheim, Rhine (WG128) and root wads with longitudinal peak stone toe protection (Chris Haring) 

Planar (or bank slope covering) measures: 
Especially in case of large water level fluctuations, 
where the impact zone, depending on the water 
level, varies over a large part of the bank slope, 
the latter is covered planarly by the measures. 



According to the primary purpose of the measure

• Erosion protection: The majority of 
measures considered in this report 
are designed to protect the bank 
against erosion or at least to reduce 
erosion rates.

• Ecological upgrade: These measures 
are technically not necessary to fulfill 
the bank protection function, but 
they improve the ecology. 

Figures: Boulder Creek (Chris Haring) and Rhone, Beauchastel (WG128)



According to the essence of the measure

Engineering Measures
(for bank protection)

Flanking Measures
(river “training”)

Mitigation 
Measures

Management 
Measures

Figures: toe wood (Joanna Curran), Cliff Cave chevrons, Mississippi River (Eddie Brauer), Allegheny River 
(McKay), invasive species dominance in Utoy Creek, Atlanta, Georgia (McKay) 



Cross-walking different bank protection actions with these 
functional categories



A process for selecting 
bank protection 

methods 

(the “7 steps” from WG128 Part 3)



Overview of the process for selecting a bank protection method

1. Identify relevant functionality 
demands and objectives.

2. Evaluate design-relevant boundary 
conditions.

3. Select potentially applicable 
measures.

4. Collect data and information on 
potential measures.

5. Consider “knockout” criteria.

6. Define and specify variants on design 
options (including hybrid features).

7. Compare designs and recommend 
the “best” variant. 

Figures: Peking-Fluss, China and 
Charlottenburg, Berlin (WG128 Measure 3.2.3.1)



Step 1: Identify relevant functionality demands and objectives.

• What are desired outcomes?
• Key features to be protected

• Acceptable rates of erosion

• Ecological outcomes

• Recreational access

• What are performance goals?
• Time to establishment and peak 

performance

• Risk tolerance

• Acceptable degrees of intervention and 
management

• Changes in future boundary conditions



Step 2: Evaluate design-relevant boundary conditions.

• What is the waterway type?
• e.g., pool vs. free-flowing, traffic

• What is the severity of erosion?
• e.g., bank angle, rate of retreat

• What are the causes of bank erosion?
• e.g., water level fluctuation, wave action

• What is the ecological context?
• e.g., growing season, connectivity to other 

ecosystems, soils

• What is the social context?
• e.g., river usage, consequences of erosion



Step 3: Select potentially applicable measures.

• This step is guided by WG128 Part 2 
(the library of measures):

• 25 basic types of measures

• 34 fact files on case studies

• 6 detailed case studies

• Spreadsheet tools to rapidly screen 
potential measures based on 
technical and ecological factors.

• Feasibility check: How well would 
designs from the library translate to this 
site? Are boundary conditions the same?

• Suitability check: Does this method align 
with the project objectives? 

Technical Suitability of Realized 
Measures



Step 4: Collect data and information on potential measures.

• Compile information about how the 
potentially applicable measures have 
performed elsewhere.

• Boundary conditions

• Physical performance

• Ecological outcomes

• This step is guided by WG128 Part 2 
(the library of measures):

• 25 basic types of measures

• 34 fact files on case studies

• 6 detailed case studies



Step 5: Consider “knockout” criteria.

Constraints are always a key aspect of 
engineering design!

• Ice-effects

• Strong stability demands

• Significant excess pore water pressure 

• Very small riparian area

• Discrepancy between available and 
necessary space

• Discrepancy between costs and 
budget

• Very high bank

• Bank is part of a levee

• …

Figures: Spree, Berlin (WG128 Case Study 4.2.1)



Step 6: Define and specify variants on design options.

Potentially applicable measures
(from Step 3)

Variant 1: Living willows brush mattresses

Variant 2: Longitudinal dam

Variant 3: Living willows + longitudinal dam

Combination of potentially 
applicable measures



Group 1: 
Technical 

Functionality

Subgroup 1.1: Accordance with 
boundary conditions and adaptability …

Subgroup 1.2: Stability and 
sustainability

Subgroup 1.3: Restriction of efforts, e.g. 
for construction and maintenance …

Group 2: 
Social 

Functionality

…Subgroup 2.2: Demands concerning 
landscape and nature conservation …

Subgroup 2.1: Demands of human 
beings, e.g. leisure activities … 

Subgroup 2.3: Legal issues and getting 
acceptance …

Group 3: 
Ecological 

Functionality

Subgroup 3.1: Accordance with 
boundary conditions and adaptability …

Subgroup 3.2: Potential functionality 
concerning selected taxa (e.g. fish or 

bank vegetation) …

Subgroup 3.3: Potential functionality of 
selected habitats

W1 =

0,47

W2 =

0,06

W3 =

0,47

W1.1 =
0,48

W1.2 =
0,41

W1.3 =
0,11

W2.1=
0,10

W2.2=
0,45

W2.3=
0,45

W3.1 =
0,45

W3.2 =
0,10

W3.3 =
0,45

Step 7: Compare designs and recommend the “best” variant. 

• Comparison of 
potential measures 
based on the Analytical 
Hierarchy Process 
(AHP)

• Relative ranking of 
variants

• Qualitative comparison 
provides a point of 
dialog with planners, 
ecologists, and other 
project stakeholders
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Thanks for 

your time!
Kyle McKay, Ph.D., P.E.

New York, NY

kyle.mckay@woolpert.com

mailto:kyle.mckay@woolpert.com
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