Purpose
[bookmark: _Toc519767701][bookmark: _Toc512348205][bookmark: _Toc511213798][bookmark: _Toc236386071]The purpose of this document is to provide best-practice guidance for the installation of waterway bank protection rockwork, to ensure Melbourne Water achieves consistent, high-performing geomorphic and environmental outcomes. 
Scope
Inclusions
This guideline applies where bank protection is achieved through rock beaching within the Melbourne Water region and covers the following industry-specific best practices:
design drawing checks (length and proportion of bank height to be protected, thickness of rock beaching, protection of the bank toe);
materials specification checks (rock, filter layer);
installation best practice (bank preparation, rock placement, demobilisation).
Exclusions
This guideline does not cover the assessment of waterway bank instabilities, comparison and selection of a preferred intervention strategy, or the design of Waterway Bank Protection Rockwork (WBPR).
WBPR is not Melbourne Water’s preferred method for bank protection and should be used only when nature-based options are unsuitable[footnoteRef:1]. Determining whether WBPR is the appropriate management strategy for a particular waterway is the responsibility of the project manager, who should consider a number of factors, including: [1:  Technical Guidelines for Waterway Management (DEECA, 2024).] 

the geomorphic processes (and drivers) operating within the waterway;
the threats posed by these processes to waterway values and/or assets;
the opportunity to reduce risks by relocating assets or managing drivers;
the benefits and risks of alternative strategies e.g. nature-based solutions;
the likely outcomes under a ‘do nothing’ scenario.
Rock beaching for the purpose of waterway bank protection is most successful when installed as part of a holistic management approach that includes fencing (to exclude access from livestock, pedestrians, etc.), revegetation, and ongoing weed maintenance. This guideline should not be read in isolation, but applied with other relevant guidelines, in particular the Technical Guidelines for Waterway Management (DEECA, 2024) and Melbourne Water’s Constructed Waterways Design Manual. 
Design drawing checks
WBPR designs should be completed with consideration of Melbourne Water’s Constructed Waterways Design Manual. Based on the design, installation requirements are documented on design drawings. 
It is the project manager’s responsibility to understand the design drawing and verify that the installation requirements are suitable and sensible for the site conditions. Where an adjustment or alternative technique is identified based on site conditions, the project manager should discuss the proposed changes with the designer. 
Variations from the design drawing should not be implemented without the approval of the designer.
The following sections provide background and advice to project managers on understanding and verifying key aspects of a WBPR design drawing.
Length of bank to be protected
WBPR design drawings will indicate the length and location of bank to be protected. This is determined by considering:
the mechanism/s causing bank erosion; 
the history of erosion at the site (past erosion episodes can be a useful indicator of locations and extent of future erosion episodes).
The project manager should ensure that the length and location of designed WBPR:
covers the current length and location of bank instabilities at the site;
adequately considers the cause and likely trajectory of the erosion, e.g. erosion on the outside of bends caused by meander migration is likely to move downstream over time;
includes additional ‘lead in’ and ‘lead out’ rock beaching to protect the main beaching works. 
As a guide, WBPR should extend upstream and downstream of the current bank instabilities by at least 3m. For wide rivers, these extensions may increase to one channel width upstream and one channel width downstream. The lead out may need to be extended to two channel widths where the bank erosion is a symptom of downstream meander migration.
Proportion of bank height to be protected
The protection of the lower two thirds of a bank with WBPR offers optimum protection. The upper one third of the bank can be treated with less expensive techniques such as vegetation.
Table 1 provides examples of when WBPR may vary from the standard ⅔ bank height. The project manager should check whether any of these situations may be applicable to the site.
[bookmark: _Ref206602437]Table 1: Example situations where the proportion of bank height to be protected may vary from the standard ⅔ bank height
	Situation
	Full bank height
	Lower bank
	Design flow height

	Presence of strong overbank flows
	
	
	

	Bank full flows are prolonged or common
	
	
	

	Assets immediately adjacent to top of bank
	
	
	

	Incised streams where bankfull flows are rare
	
	
	

	Bank failure is occurring from undermining
	
	
	


Thickness of WBPR
The minimum thickness of rock beaching should be 2 x D50.[footnoteRef:2] [2:  A D50 rock size is defined as being the size of rock in a rock mix where 50% of all rock in the mix (by weight) is larger than it and 50% (by weight) is smaller than it.] 

Protection of the bank toe 
Many WBPR failures are the result of streambed scour during high flows which undermines the toe of the rockwork. The risks from streambed scour can be reduced by several techniques:
extending the rockwork below the streambed in an excavated trench (to a depth of 2 x D50 or preferably to a design scour depth), often referred to as a ‘key’;
placing a ‘self-launching’[footnoteRef:3] toe of rock on the streambed out from the WBPR. This rock can then drop down into any localised bed scour; [3:  A shelf of rock at the toe of the WBPR that will fall into place if scour occurs. ] 

embedding large, individual rocks (e.g. 1m diameter) to a depth of ⅔ the rock’s size.
Advantages and disadvantages of each technique are provided in Table 2. The project manager should check whether the proposed method outlined in the design drawing is appropriate for the site conditions.
[bookmark: _Ref206604944]Table 2: Techniques for managing streambed scour to protect rock WBPR
	Technique
	Advantages
	Disadvantages

	Extending rockwork below the streambed in an excavated trench
	Provides best protection (particularly if scour depth has been calculated)
	Hard to construct trench in water
Excavator may not have the reach in a large river

	Placing a ‘self-launching’ toe of rock on the streambed
	Easy to install
Can be installed where water is present 
	Relies on the placement of a conservative estimate of toe rock

	Embedding large rocks at the toe of the rockwork
	Can be installed where water is present 
Lesser protrusion into waterway than self-launching toe
	Can be difficult to source enough large rocks for the project
If large rocks are selected from the rock mix, the D50 will reduce significantly


Materials specification checks
Rock
Quality 
Rock should be clean, hard, angular, durable, free from cracks and should not be adversely affected by repeated wetting and drying.
The project manager should check that all rock to be used for bank protection meets the above requirements, together with those listed in Table 3.
[bookmark: _Ref206579758]Table 3: Rock durability requirements
	Test procedure
	Requirements

	Relative density (density of dry solid rock relative to water)
	>2.1 (e.g. granites, basalts, sandstones)

	Crushing strength
	25 MPa

	Abrasion (Abrasion Grading A) Los Angeles Abrasion test (AS 1141.23)
	<40% loss of weight after 500 revs.


Size and gradation
Rock used for bank protection should not be single sized, but should be a well-graded mixture such that all gaps between larger rocks are filled with rocks of a progressively small size. This will:
ensure that no significant voids occur within the rock beaching that could allow bank material to wash out;
create an interlocking mass of rock where no individual rock can move by itself;
avoid high drag forces along the surface of the rock beaching as no individual rocks will significantly protrude into the flow.
The classifications and gradations for rock are listed in Table 4. The maximum rock size shall not be larger than the thickness of the of the rock layer (i.e. 2 x D50). 
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Table 4: Rock size specification
	Equivalent sieve size
	Percentage (by weight) finer

	2 x D50
	100%

	D50
	50%

	0.3 x D50
	10%


Overburden, shale or organic matter should not form part of the rock mix.
The project manager should ensure that the D50 rock size (described in the design drawing) with the required size specification (detailed in Table 4) can be sourced from the nominated quarry.
The site supervisor should ensure that each load of rock delivered to site meets the rock size specification.
Shape
Rock should be angular in shape as it has shear surfaces that interlock. Rounded rock should not be used because it is susceptible to rolling and leaves voids. 
The breadth or thickness of a single rock should not be less than one third its length, i.e. thin, slab-type rocks shall not be used.
Filter layer
Installation of a filter layer between the rockwork and the bank has often been associated with sliding failures, particularly where the bank angle is steep. As such, a filter layer should only be considered where bank material is likely to wash out through voids in the beaching. Typically, this may occur when:
the bank material is highly non-cohesive such as sand or fill material;
high groundwater levels or re-entry flows create large pore pressures in the bank material.
The project manager should check whether the conditions described above occur at the site and, if so, whether the installation of a filter layer may be required.
Where conditions require provision of a filter layer between the rock beaching and the bank material, one of the following two types of filter material can be considered:
granular filter layer of smaller gravels (per the design recommendation);
geotextile (type to be specified through design).
Advantages and disadvantages of these filter materials are presented in Table 5.
[bookmark: _Ref206611587]
Table 5: Comparison of filter materials for WBPR
	Filter material
	Advantages
	Disadvantages

	Granular filter layer
	Self-healing in some circumstances
Generally, very durable
Deformable – retains good surface contact above and below
	Careful control needed to achieve specified grading and thickness
Construction difficult on steep side slopes

	Geotextile
	Cost
In-plane tensile strength
Limited thickness
	Failures involving rock sliding on the filter cloth. This occurs where the friction between the rock and the filter cloth is less than the internal friction of the rock mix.
Some uncertainty over long-term behaviour
Edges must be carefully protected
Easy to damage, difficult to repair
Careful design and installation needed to accommodate settlement of uneven foundation
Challenging to install in flowing water.
Introduction of synthetic fibres to a natural environment.


Installation best practice
Bank preparation
Where waterway bank faces are steep and site constraints are minimal, it is best practice to batter the bank to a design grade before placing rock. This will provide significant savings in the quantity of rock required and avoid rock protruding into the channel (refer Section A (Option 1) in Melbourne Water’s Waterway Bank Protection Rockwork Standard Drawing).
In instances where banks are excessively high and steep, or assets are close to the bank edge, bank battering can become problematic. In these instances, other site preparations or WBPR designs may be required.
Rock placement
Rock should be placed with an excavator (typically positioned at the top of the bank), starting at the bank toe and building the rock up the bank face. 
Rock should never be dumped over the edge from a truck as this will separate the rock mix into various size factions, resulting in voids between rocks.
Design grade
The steepest angle at which a pile of rocks can be stacked without collapsing, is known as the natural angle of repose and typically varies between about 30° and 43°, depending on rock size and shape[footnoteRef:4].  For angular rock of size greater than 100mm the natural angle of repose is 41-42°. [4:  Riprap. Guidelines for the Design of River Bank Stability and Protection using RIP-RAP (Keller 2005)] 

Considering the drag forces imposed on WBPR and allowing for factors of safety, a WBPR design finished surface slope of 27° (or a grade of 2.0H to 1.0V) is typically adopted for WBPR projects. 
The maximum design finished surface slope is around 34° (or a grade of 1.5H to 1.0V). However, such a steep slope has limited resistance to hydraulic forces and should only be adopted where the design demonstrates it will work.
Demobilisation
[bookmark: _Hlk212619417]After the WBPR has been completed, the project manager should check to ensure that:
the completed WBPR appears as a well‑keyed, interlocked layer with a gently undulating surface. The surface should not appear as a flat, paved finish, but equally there should not be any isolated protruding rocks. The intent is a stable surface where no individual rock is exposed to disproportionate flow forces;
any top soil from site preparation has been spread over the upper bank;
imported top soil material should comply with Melbourne Water’s specifications for soils and landscaping of constructed Melbourne Water Assets;
planning is underway for the revegetation of the upper bank.
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