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1 Introduction 
Waterways and other aquatic environments are valued by the community for their social, cultural, 

economic and environmental benefits. Urban runoff, contaminated with nutrients, sediment and other 

pollutants, adversely impacts these valued resources.  

Water Sensitive Urban Design (WSUD) is a holistic approach to the planning and design of urban 

landscapes that minimises these negative impacts. Using this approach, designers select the treatment 

technology that considers the civil, landscape and ecological aspects of the site. Owing to flexible 

design, space efficiency, and application at a variety of scales, bioretention systems (also called 

biofilters, bioretention basins, bioinfiltration systems, bioswales and raingardens) are the most commonly 

used treatment technology. 

The key function of bioretention systems is to remove pollutants from stormwater. They achieve this by 

filtering the stormwater through a densely vegetated and biologically active sand and loam filter media. 

As the water percolates through the filter media, pollutants are captured by fine filtration, adsorption and 

biological processing by both soil microbes and plants. Treated water discharges to groundwater or is 

conveyed to downstream drainage systems such as waterways, channels or pipes. Bioretention systems 

also contribute to managing hydrology by slowing the rate of discharge of stormwater to the receiving 

environment and reducing volume through evapotranspiration. 

Through careful integration and a collaborative design approach, bioretention systems must also provide 

multiple benefits. These benefits include: 

¶ Conserving water through the passive irrigation of landscape features by stormwater, which reduces 

the demand on alternative water sources for irrigation. 

¶ Creating or enhancing green spaces within the urban landscape. 

¶ Providing amenity and aesthetic values for the community. 

¶ Mitigating minor flash flooding. 

¶ Providing urban cooling. 

¶ Increasing habitat and supporting urban ecology. 

When multiple benefits are achieved, bioretention systems help deliver important social, cultural, 

economic and environmental outcomes for the community and our waterways. 
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Figure 1. The WSUD timeline and supporting guidelines. 

1.1 History and context of the guidelines 

A comprehensive suite of tools and guidelines developed by Water by Design is available to support the 

planning, design and implementation of WSUD in Queensland and beyond. Figure 1 illustrates these tools 

and how they can be used in the context of a typical urban development process. 

The Water Sensitive Urban Design Technical Design Guidelines for South East Queensland (Water by 

Design) were first released in June 2006. They provide guidance on the design, construction, 

establishment and maintenance of various stormwater management systems, including both 

bioretention swales and basins. These were addressed in several chapters throughout the guideline: 

¶ Chapter 1 ð Introduction. 

¶ Chapter 3 ð Bioretention Swales. 

¶ Chapter 5 ð Bioretention Basins. 

¶ Appendix A ð Plant Selection for WSUD Systems. 

Since these guidelines were first published, the design of bioretention systems has evolved significantly. 
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With the release of Version 1 (2012) of the Bioretention Technical Design Guidelines, all bioretention 

references in the Water Sensitive Urban Design Technical Design Guidelines for South East Queensland 

(Water by Design) were superseded by either that document or another Water by Design publication. 

Version 1.1 (2014) provided further information on drought resilience and additional guidance on plant 

selection.  

This revision (Version 1.2) brings together knowledge from an additional 10 years of bioretention 

implementation to provide the following updated guidance: 

¶ Addition of a fifth drainage profile. Changes to the naming convention for several existing drainage 

profiles (Section 2.4). 

¶ Increase of the minimum filter media depth from 400 mm to 600 mm. Removal of any additional 

depth requirements for trees (Section 2.4). 

¶ New section on how to design bioretention for different geographic and climatic regions (Section 

2.6). 

¶ New section on functional design (Section 3.1). 

¶ Updated guidance on filter media specifications (Section 3.3.2.1). 

¶ Rewording to clarify the section relating to setting the maximum water level (Section 3.3.3.4). 

¶ New guidance on how to prepare the base of bioretention systems where infiltration is a key goal 

(Section 3.3.4). 

¶ Refinement of guidance on acceptable and unacceptable liner types (Section 3.3.5). 

¶ Enhanced guidance on how to configure large bioretention systems (Section 3.4.3.1). 

¶ Clarified that finished surface levels for batters/embankments must allow for topsoil (Section 3.4.5.3). 

¶ Clarification of guidance regarding walls (above ground) and the interface with in-situ soils (Section 

3.4.5.5 and Section 3.4.5.6). 

¶ Enhanced guidance on maintenance access (Section 3.4.6). 

¶ Additional guidance on the design of streetscape bioretention systems (Section 3.1.2 and Section 

3.4.8). 

¶ New guidance and clarification regarding collocation with detention basins (Section 3.4.9) and flood 

immunity requirements (Section 3.4.10). 

¶ New advice regarding sediment capture in streetscape bioretention (Section 3.5.3.2) 

¶ Further guidance on the use of energy dissipation and alignment of sediment forebays (Section 

3.5.3.3). 

¶ Additional guidance on designing inlet ponds for large bioretention systems (Section 3.5.3.4). 

¶ New information on how to manage baseflows into bioretention (Section 3.5.6). 

¶ Enhanced guidance on flow distribution (Section 3.5.7). 

¶ Reduced requirements for underdrainage cleanout points (Section 3.6.1.1). 

¶ Alterations to pit and riser configurations for saturated zone systems (Section 3.6.1.4). 

¶ Guidance on the use of temporary upstands during plant establishment (Section 3.6.1.5). 

¶ Change to recommended raised dome grates rather than raised flat grates (Section 3.6.2.1). 

¶ Expanded vegetation design section with much greater focus on planting to create resilient and low-

maintenance ecosystems. The use of trees is now the default in all bioretention unless there is an 

overriding reason not to include them (Section 3.7). 
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1.2 Structure of the guidelines 

Each of the five chapters of this guideline describes a particular aspect of the detailed design of 

bioretention systems. Table 1 outlines the content of each chapter. 

Table 1. Structure and content of the Bioretention Technical Design Guidelines. 

 

 

 

 

 

 

 

 

  

Structure Content 

Chapter 1 ð Introduction Introduces bioretention systems and the concept of WSUD. Provides the 

history, context and structure of this guideline. 

Chapter 2 ð Background Provides background information critical to designing and managing 

bioretention systems. Describes the key features, possible configurations and 

drainage profiles of bioretention systems, as well as outlining how and in what 

situations they can be applied. Introduces concepts and nomenclature used 

throughout the document. 

Chapter 3 ð Design process Documents a design process that applies across the broad scale and range 

of configurations of bioretention systems available, and the contexts in which 

they can be applied. Each component of a bioretention system is addressed 

individually. Design details provided are divided into ôperformance outcomesõ 

and ôrecommended approachõ. The ôperformance outcomesõ outline the 

outcome to be achieved in designing each component of a bioretention 

system, while the ôrecommended approachõ is one approach that is proven 

to achieve the performance outcome. This delineation is to ensure that the 

essential aspects of bioretention design are incorporated, while also 

encouraging innovative approaches to design. 

Chapter 4 ð Specification guide Provides standard specifications for typical bioretention systems to assist in 

ensuring they are constructed correctly. The specifications can be used as an 

example, or, where appropriate, copied directly into tender packages. 

Chapter 5 ð Worked example Provides a worked example of the design of a bioretention system. The user is 

guided through the process of designing a bioretention system in accordance 

with the recommended approach outlined in Chapter 3. 
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2 Background 

2.1 What are bioretention systems? 

Bioretention systems are shallow depressions in the urban landscape designed to collect and treat 

stormwater. They are implemented as standalone treatment systems or as part of a treatment train 

including other treatment types such as coarse sediment forebays, gross pollutant traps, swales or 

sediment basins. These other treatment types help to capture sediment prior to it entering the surface of 

the bioretention system. Figure 2 depicts the components of a typical bioretention system, while Figure 14 

in Section 2.4 provides further information regarding the drainage profile, of which there are several 

configurations.  

Stormwater conveyed to a bioretention system is treated by filtering it through a densely vegetated, 

biologically active sand and loam filter media. As the water percolates through the filter media, 

pollutants are captured by fine filtration, adsorption, and biological processing by both soil microbes and 

plants. Treated water discharges to groundwater or is conveyed via slotted or perforated pipes to 

downstream drainage systems such as waterways, channels or pipes. 

As well as removing pollutants, bioretention systems also help manage changes in hydrology that occur 

as a result of urbanisation. For example, runoff from small rainfall events is captured in the extended 

detention zone above the surface and slowly percolates through the filter media. By delaying the release 

of stormwater, bioretention systems can mimic aspects of pre-development hydrology, such as baseflow 

regimes and reduce pressures on urban streams. The volume of runoff is also reduced through 

evapotranspiration or infiltration into the surrounding soil. 

 

Figure 2. Components of a typical bioretention system.  
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The main components of a bioretention system are: 

¶ Filter media ð a sand and loam mix that supports vegetation and removes stormwater pollutants. Filter 

media is typically 600 ð 1000 mm deep. The filter media surface is generally flat, except in bioretention 

swales. 

¶ Transition layer ð coarse sand located under the filter media as a ôbridgingõ layer to prevent finer filter 

media particles from migrating into the drainage layer, perforated underdrainage pipes, downstream 

waterway, and the surrounding soil. 

¶ Drainage layer ð a fine aggregate located under the transition layer as a 'bridging' layer to prevent 

the filter media and transition layer from washing into the underdrainage. 

¶ Underdrainage ð slotted or perforated underdrainage pipes that allow treated stormwater to leave 

the bioretention system. The exact configuration of the underdrainage depends on the type of 

bioretention system being designed (see Section 2.4). In large bioretention systems, bigger unslotted 

collector pipes are also present, which connect slotted/perforated pipes to the outlet pit. 

¶ Liner ð a layer surrounding either or both the base and sides of bioretention systems. Liners can be 

either permeable or impermeable. The need for a liner is dependent on the type of bioretention 

system being designed (see Section 2.4). 

¶ Hydraulic structures ð typically includes an inflow pipe, overflow pit, outlet and weir. Hydraulic 

structures convey stormwater into the bioretention system and discharge it after treatment. 

¶ Bunds and embankments ð earthen structures necessary to integrate bioretention systems within the 

surrounding topography. They vary in size and slope depending on the location, size and context of 

the system, and serve to detain water prior to filtration. 

¶ Extended detention ð a 100 ð 300 mm zone above the surface of the bioretention system that 

temporarily stores stormwater before it infiltrates into the filter media. The extended detention is 

created by raised pits, weirs, or other hydraulic structures. Its purpose is to spread flows over the 

surface of the filter media and increase the volume of stormwater runoff that can be treated. 

¶ Vegetation ð in conjunction with soil biology, vegetation is the ôbiologicalõ component of bioretention 

systems. Critical for stormwater treatment, vegetation takes up nutrients, supports biological growth 

(crucial for pollutant removal), maintains and enhances the porosity of soil, and continuously breaks 

up the surface of the filter media to help to prevent surface clogging. Vegetation in bioretention 

systems (grasses, sedges, shrubs and trees) must be tolerant to extended dry periods and periodic 

inundation. 

¶ Coarse sediment removal ð a dedicated area to capture and store coarse sediment. Coarse 

sediment removal is typically comprised of either a coarse sediment forebay or an inlet pond, 

although gross pollutant traps and swales are sometimes used. Some forms of coarse sediment 

removal also help dissipate energy and protect against scour around inlets. 

¶ Maintenance access ð a dedicated access to the bioretention system, which allows for easy and 

cost-effective maintenance. 

¶ Cleanout riser pipe ð an unperforated upright pipe connected to the ends of each collector pipe 

and, in some instances, the underdrainage pipes, to allow inspection and cleaning of the 

underdrainage. 

2.2 Context in the landscape 

Bioretention systems are flexible in size, shape and appearance. They can be readily integrated into a 

range of landscapes, including individual development sites, allotments, streetscapes, civic spaces and 

forecourts, parklands and adjacent to riparian and bushland settings. Bioretention systems can be 

designed to seamlessly integrate with the local landscape, or they can be a prominent landscape 

feature. The following categories of bioretention systems are provided to showcase the range of 

applications, locations and contexts within which bioretention systems can be applied. 
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2.2.1 Within allotments 

Bioretention systems may be located within allotments on private land. Figure 3 depicts four examples of  

bioretention systems located within allotments. Bioretention systems within allotments can take the form 

of raingardens on individual residential lots or small bioretention basins on commercial, industrial and 

multi-unit developments. They have shallow surfaces, usually less than 750 mm below their surroundings, 

and accept stormwater via surface flow and shallow, small-diameter pipes. They typically have a total 

filter media surface area of 5 ð 200 m2. 

         

       

Figure 3. Examples of bioretention systems within allotments. Photo credits: top left, Shaun Leinster; top right, Jack 

Mullaly; bottom left, Robin Allison; bottom right, Jack Mullaly. 

2.2.2 In the streetscape 

The streetscape is an effective and attractive location for a bioretention system. Streetscape bioretention 

systems are integrated into road reserve verges or traffic calming ôbuildoutsõ from the kerb (Figure 4 and 

Figure 5). They receive and treat stormwater before it enters underground drainage systems. This allows 

them to be implemented on flat topography where end-of-pipe treatments are often not feasible due to 

level constraints. 

Streetscape bioretention systems are often located where conventional side-entry pits would usually go 

(e.g. road low points and road intersections). Bioretention layers can generally fit within the depth 

needed to accommodate the minor drainage pit (with appropriate cover). As such, bioretention systems 

in the streetscape do not dictate the depth of the minor drainage system. The layout and size of 

streetscape systems is however, restricted by other streetscape components such as footpaths, road 

pavements, and underground services corridors, which are defined by local authorities. 

Streetscape bioretention systems typically have a total filter media surface area of 5 ð 50 m2. The filter 

media surface is not substantially lower than the adjacent road surface and verges (< 500 mm).  
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The Concept Design Guidelines for Water Sensitive Urban Design (Water by Design) provides a model 

streetscape bioretention layout. 

DESIGN NOTE: Maintenance costs of streetscape bioretention systems 

Streetscape bioretention systems are often (but not always) more expensive to maintain than a similar 

treatment area of systems located within and adjacent to parkland or adjacent to natural areas. Local 

governments may have a preference for such end-of-pipe systems over streetscape systems. Unless 

implementing streetscape systems due to site constraints (i.e. insufficient level to implement an end-of-

pipe system), designers should check with the relevant local government prior to implementing 

streetscape systems. 

 

Figure 4. Streetscape bioretention cross-section. 
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Figure 5.Examples of bioretention systems in the streetscape. Photo credits: top left and top right, Shaun Leinster; 

bottom left, Jack Mullaly. 

2.2.3 Within civic space 

Bioretention systems can be integrated into civic spaces as an attractive feature (Figure 6). They can also 

be combined with stormwater harvesting for non-potable uses such as landscape irrigation, topping up 

water features or within buildings for flushing toilets. The plant species and planting densities chosen for 

civic space bioretention systems should complement the surrounding urban space. Often, this includes 

mass planting of a small number of plant species with low to medium vegetation height. 

Civic space bioretention systems are designed with the filter media surface level close to the level of 

adjacent urban spaces. A difference of less than 500 mm between the two levels is recommended. Flows 

can be directed onto the bioretention surface through small, shallow drains (e.g. grated trenches). The 

total filter media surface area of civic space bioretention systems is typically 5 ð 100 m2. 
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Figure 6. Examples of bioretention systems within civic space. Photo credits: top (left and right), Jack Mullaly; bottom 

left, Shaun Leinster. 

2.2.4 Within and adjacent parkland 

Bioretention systems can be easily integrated within or adjacent to parkland (Figure 7). This has the 

benefits of increasing continuity of green space, engaging the community with the water cycle and 

providing opportunities to reuse stormwater. Planting of parkland bioretention systems should 

complement the surrounding landscape space and include a diverse number of understorey species 

along with trees and shrubs. Planting should be included on the batters. 

Parkland bioretention systems are typically end-of-pipe systems, receiving inflows from a piped network. 

However, some are designed as at-source systems to receive overland flow from hardstand areas, and 

some can be designed to function as both end-of-pipe and at-source systems. Parkland bioretention 

systems can be sited within flood detention infrastructure. The filter media area of parkland bioretention 

systems is typically 50 ð 800 m2. 
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Figure 7. Examples of bioretention systems within and adjacent to parkland. Photo credits: top left, Shaun Leinster; 

top right, Jack Mullaly; bottom (left and right), Jack Mullaly. 

2.2.5 Adjacent to natural areas 

Locating bioretention systems adjacent to natural areas such as bushland or riparian corridors is an easy 

way to achieve benefits above and beyond traditional stormwater management requirements. 

Bioretention systems located next to natural areas enhance the overall green space and provide for 

wildlife habitat and movement (Figure 8). They also have the potential to reduce maintenance costs 

through reducing edge effects and shading weeds. 

Bioretention systems adjacent to natural areas are integrated with their surrounding landscape. This 

creates systems with informal shapes and gentle batter slopes, rather than hard edges. Planting in such 

systems should complement the surrounding landscape and involve a well-structured and diverse 

landscape including grasses, sedges, shrubs and trees. 

Bioretention systems adjacent to natural areas are typically end-of-pipe systems, receiving inflows from a 

piped network. They can be sited within flood detention infrastructure. Their filter media surface area is 

typically 50 ð 800 m2. 
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Figure 8. Examples of bioretention systems adjacent to natural areas. 

2.3 Configurations 

The multiple contexts that bioretention basins are used in (see Section 2.2) require bioretention 

configurations that can adapt to the nature of the site in which they are located. Selecting the 

appropriate configuration for the site is important to ensure it integrates into the surrounding landscape, 

functions effectively and allows for easy and cost-effective maintenance.  

There are four main configurations of bioretention system: 

¶ Bioretention basins. 

¶ Bioretention swales. 

¶ Biopods. 

¶ Bioretention street trees. 

2.3.1 Bioretention basins 

Bioretention basins are an end-of-pipe bioretention system. They can vary in size greatly, with typically 

100 ð 800 m2 of filter media surface area. Bioretention basins are often located adjacent to parkland or 

natural areas (Figure 9) or in a dedicated drainage reserve. The vegetation used reflects the location. For 

example, bioretention basins located adjacent to parkland include vegetation compatible with other 

landscaping in the parkland, while bioretention basins adjacent to natural areas use species that reflect 

the ecosystem of that natural area. In all instances, shrubs and trees should be included in bioretention 

basins to create ecosystem-like effects that reduce long-term maintenance costs. 
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Figure 9. Examples of bioretention basins. Photo credits: top (left and right), Shaun Leinster; bottom left, Paul 

Dubowski; bottom right, Jack Mullaly. 

2.3.2 Bioretention swales 

Bioretention swales are a type of bioretention system that both treats and conveys stormwater. A 

bioretention swale comprises all the main components of a bioretention system (see Section 2.1) co-

located within the base of a swale (Figure 10 and Figure 11). For bioretention swales, the surface of the 

filter media follows the grade of the swaleõs surface (> 0.5% and < 2% slope) and is generally 600 ð 

2000 mm wide. The swale component of a bioretention swale conveys and pre-treats stormwater to 

remove coarse to medium-sized sediment. The bioretention filter media removes finer particulates and 

contaminants. 

Bioretention swales are typically located within road reserves, parklands, and drainage easements within 

small catchments of less than 2 ha. They can receive lateral flows across grassed or vegetated batters (1 

in 4 or flatter) or directly from pipe outlets where there is adequate protection from scour. Bioretention 

swales are densely planted with sedges and rushes and may include trees to form a canopy. 
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Figure 10. Bioretention swale cross-section. 
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Figure 11. Examples of bioretention swales. Proto credits: all photos, Jack Mullaly. 
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2.3.3 Biopods 

Biopods are a form of at-source bioretention system. They receive stormwater runoff as overland flow 

from hardstand areas. Biopods are commonly used in the streetscape, but also have applications in 

commercial, industrial and multi-unit developments (Figure 12). They are typically less than 50 m2 but can 

be larger. Biopods provide visual amenity to streetscapes, similar to the outcomes of traditional 

streetscape landscaping. An advantage of biopods compared to traditional landscaping is that biopods 

are passively irrigated by stormwater inflows. Shrubs, grasses and sedges are the most commonly used 

types of vegetation, although trees are not precluded. 

   

 

Figure 12. Examples of biopods. Photo credits: top left, Robin Allison; top right, Shaun Leinster; bottom left, 

Brad Dalrymple. 

2.3.4 Bioretention street trees 

Bioretention street trees are a combination of a bioretention system and a traditional street tree (Figure 

13). They are located at source and receive overland flow from adjacent hardstand areas. They are 

small systems, typically only a few square meters in size. The main type of vegetation used in this type is 

primarily street-suitable tree species, with shrubs, grasses and sedges also able to be incorporated for 

aesthetics and to help maintain filter media permeability. If grasses, sedges and ground covers are not 

used, then much of the bioretention street treeõs footprint may be covered by a solid surface (Figure 13). 

DESIGN NOTE: Guidance specific to bioretention street trees 

This guideline provides little specific guidance for bioretention street trees. This is because the design 

process for bioretention street trees is the same as for streetscape bioretention systems more generally. 

In most instances, the only differences are the vegetation type, the possible use of a grate over the 

filter media surface and the possible use of a concrete planter box to house the bioretention street 

tree. All other aspects of design, including filter media sizing, considerations for locating them in the 
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streetscape, set downs and inlet and outlet design, are as per streetscape bioretention systems more 

generally. 

     

 

Figure 13. Examples of bioretention street trees. Photo credits: all photos, Brad Dalrymple. 

 

2.4 Drainage profiles 

The term drainage profile refers to the way the filter media, transition layer, drainage gravel, 

underdrainage and hydraulic structures are designed to discharge treated water from the system. Five 

drainage profiles are commonly used (Figure 14); however, the flexible nature of bioretention systems 

means that other drainage profiles can also be created.  

The five drainage profiles in common use are: 

¶ Type 1 saturated zone. 

¶ Type 2A traditional sealed. 

¶ Type 2B traditional unsealed. 

¶ Type 3 infiltration ð with pipe. 

¶ Type 4 infiltration ð pipeless. 

Previous versions of this guideline identified only four drainage profiles and used a slightly different 

naming convention. Table 2 shows how the five current drainage profiles relate to those in previous 

versions. 

A description of these profiles is provided in Sections 2.4.1 to 2.4.5. Section 3.3.1 details how to select the 

most suitable drainage profile for the application. 
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Table 2. Drainage profiles in this version of the guideline are compared to previous versions. 

This version of the guideline Previous versions of the guideline Rationale for change 

Type 1 saturated zone. Type 1 saturated zone. No change. 

Type 2A traditional sealed. Type 2 sealed. Name change only to align with Type 2B 

naming convention. 

Type 2B traditional unsealed. Not previously shown. Added to more completely show the options 

available. 

Type 3 infiltration ð with pipe. Type 3 conventional. Previous versions used the term conventional 

in an attempt to encourage this type of 

system. It is however, neither the conventional 

type nor the default. Thus, a name change 

was required. 

Type 4 infiltration ð pipeless. Type 4 pipeless. Name change to align with the new Type 3 

naming convention. 

 

 

Figure 14.  Bioretention drainage profiles. 
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2.4.1 Saturated zone bioretention systems 

Type 1 saturated zone bioretention systems integrate a water storage (wet sump) in the transition and 

drainage layer. This water storage allows the vegetation to access water during dry periods, facilitates 

plant and soil biological health, and helps maintain ongoing treatment performance. Type 1 saturated 

zone bioretention systems have: 

¶ an impermeable liner to ensure water is retained in the base of the system 

¶ an outlet structure that holds water at a defined level within the transition and drainage layer, only 

able to be drawn down further through evapotranspiration 

¶ a transition layer (transition layer depth varies, see Section 3.3.2.2 and Section 3.3.2.4) 

¶ a drainage layer (drainage layer depth varies, see Section 3.3.2.3 and Section 3.3.2.4) 

¶ a flat base beneath the drainage layer. 

2.4.2 Traditional sealed bioretention systems 

Type 2A traditional sealed bioretention systems drain via slotted or perforated underdrainage pipes and 

do not have a saturated zone.  

Type 2A traditional sealed bioretention systems have: 

¶ an impermeable liner around the base and sides 

¶ a transition layer at least 100 mm deep 

¶ a drainage layer at least 150 mm deep that is either flat or grades towards the outlet pit, preferably 

at a slope of Ó 0.5% 

¶ slotted or perforated underdrainage pipes within the drainage layer with Ó 50 mm aggregate above 

them. 

2.4.3 Traditional unsealed bioretention systems 

Type 2B traditional unsealed bioretention systems drain via slotted or perforated underdrainage pipes 

and do not have a saturated zone. As the base and sides of this type of system are unsealed, some 

water will infiltrate into surrounding soils, but because the underdrains lie at the base of the system, 

capacity for infiltration is limited.  

Type 2B traditional unsealed bioretention systems have: 

¶ a permeable liner around the base and sides 

¶ a transition layer that is at least 100 mm deep 

¶ a drainage layer that is at least 150 mm deep, that is either flat or grades towards the outlet pit, 

preferably at a slope of Ó 0.5%. 

¶ slotted or perforated underdrainage pipes within the drainage layer with Ó 50 mm aggregate above 

them. 

2.4.4 Infiltration ð with pipe bioretention systems 

Type 3 infiltration ð with pipe bioretention systems encourage infiltration into the surrounding soils to 

manage frequent stormwater flows, with slotted or perforated underdrain pipes for drainage when the 

infiltration capacity of the soil is exceeded.  

Type 3 infiltration ð with pipe bioretention systems have: 

¶ a permeable geotextile liner around their sides (no liner along the base) 

¶ a transition layer that is at least 100 mm deep 

¶ a drainage layer that is at least 300 mm deep with a slotted or perforated pipe that has at least 50 

mm aggregate above it and at least 150 mm aggregate below it 

¶ a flat base under the drainage layer. 
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2.4.5 Infiltration ð pipeless bioretention systems 

Type 4 infiltration ð pipeless bioretention systems allow all treated stormwater to infiltrate into the 

surrounding soil.  

Type 4 infiltration ð pipeless bioretention systems have: 

¶ a permeable geotextile liner around their sides (no liner along the base) 

¶ a transition layer that is at least 100 mm deep 

¶ no drainage layer or slotted or perforated underdrainage pipes 

¶ a flat base under the transition layer. 

 

2.5 Site suitability 

Bioretention systems are permanent. Therefore, their size and location must be appropriate for function, 

aesthetics, constructability, and maintenance requirements. Table 3 and Table 4 outline a range of 

bioretention applications and highlight important design characteristics for each application. 

Table 3. When to use bioretention systems. 

Situation Why bioretention is suitable 

For managing litter, 

sediment, nutrients, metals 

and hydrocarbons 

transported by stormwater. 

Bioretention systems are effective at removing anthropogenic and organic litter, fine 

sediment, phosphorus, nitrogen, metals and hydrocarbons from stormwater. Where 

litter or coarse sediment loads are high, pre-treatment is recommended. 

For managing stormwater 

flows. 

Bioretention systems can be used to manage urban hydrology, particularly frequent 

stormwater flows. They can also be combined with flood storage for large events, 

although bioretention systems are not designed specifically for this purpose. 

For urban or civic 

landscapes, residential 

parkland and riparian and 

bushland landscapes. 

Bioretention systems have a flexible design, and their vegetated finish allows them to 

be easily incorporated into a range of landscapes, from hard-edge civic spaces to 

more natural residential parkland, bushland, or riparian settings. 

For small catchments or 

where space is constrained. 

Bioretention systems are small (typically < 3% of the catchment area), allowing them to 

be used in small and constrained spaces. 

For large catchments. Bioretention systems can manage runoff from large catchments if design solutions 

specifically developed for large systems are used (e.g. locating systems offline, 

implementing a distribution system, and splitting the filter media into suitably sized 

cells). 

On moderate to steep 

topography. 

Through careful design, bioretention systems can be readily integrated into relatively 

steep topography. 

On flat topography. Bioretention systems can be located at-source or within streetscapes, directing runoff 

onto the surface of the bioretention system before it enters an underground drainage 

network. 

For stormwater harvesting. Bioretention systems can treat stormwater to a level suitable for some forms of reuse. It 

is important to account for any potential water losses through bioretention systems 

when estimating yields for stormwater harvesting systems. 
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Table 4. When not to use bioretention systems. 

Situation Why bioretention is not suitable 

For sites with insufficient 

elevation. 

Bioretention systems will not drain adequately if there is insufficient elevation from the 

surface of the system to the receiving drainage system. This will cause the filter media to 

remain inundated and affect both the health of plants and the functioning of the 

bioretention system. 

For sites with tidal 

influence. 

Saline water compromises the biological function of bioretention systems. 

For sites with continuous 

inflow (i.e. constantly 

wet). 

Moss or algae can form thick surface biofilms (or slimes) in continuously wetted 

bioretention systems, which reduce the rate of infiltration into the filter media. Periodic 

drying of bioretention systems is necessary to reduce the risk of blockages due to surface 

biofilm growth. If continuous inflows are identified post-construction, a low-flow bypass 

can be installed to mitigate this problem. 

For swales with  high  velocities . High flow  velocities  (> 1 m/s)  are  likely to  scour  the  surface  of  bioretention  systems. 

For sites subject to toxic 

runoff. 

When the system is likely to be exposed to toxic substances (e.g. herbicides, solvents or 

industrial contaminants), biological function will be compromised. Structural separation 

should be used to exclude contaminants from the stormwater system. 

When the system cannot be 

easily accessed for 

maintenance. 

Bioretention systems require periodic maintenance to ensure optimal function. As such, 

easy access for maintenance must be available. 

2.6 Geographic and climatic suitability 

Bioretention systems are highly adaptable and can be implemented in a wide array of different 

geographic and climatic contexts. Most advice provided within this guideline is directly applicable to all 

geographic and climatic regions within Queensland. Nonetheless, the soils and rainfall patterns of some 

regions require additional consideration as outlined below. 

Locations with dispersive soils 

In locations with dispersive soils: 

¶ More efficient sediment capture may be required than specified in Section 3.5.3.1. For example, high 

efficiency gross pollutant traps and sediment basins might be used in lieu of coarse sediment 

forebays. 

¶ It is particularly important that all batters are covered with a non-dispersive topsoil (see Section 4.4.1) 

and dense plant coverage is established (see Section 3.7). Plants that regularly drop leaf litter are 

encouraged as this will provide ongoing surface coverage for the batters. 

¶ Overland flows down batters should be avoided. Where it cannot be avoided, rock chutes or similar 

techniques should be applied to prevent erosion of the batters (see Section 3.5.2.1). 

¶ Particular care must be taken when keying liners into the batters (see Section 3.3.5). 

Locations with extended dry periods or generally low rainfall 

In locations with extended dry periods (e.g. Townsville) or generally low rainfall (e.g. Ipswich): 

¶ Type 1 saturated zone systems should be used to provide a water source for plants between rainfall 

events (see Sections 2.4.1 and 3.3.2.4). 

¶ Temporary upstands should be used during establishment to further increase water availability to 

plants at this time (see Section 3.6.1.5). 

¶ Plant species capable of surviving extended dry periods should be used. 

¶ Plant species that regularly drop leaf litter should be used as the leaf litter will help to retain soil 

moisture (see Section 3.7.9.2). 

¶ Consideration should be given to alternative filter media specifications aim at improving the 

hospitability of the filter for plant growth (see Section 3.3.2.1). 
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Locations with intense rainfall 

In locations subject to intense rainfall, it is particularly important that appropriate energy dissipation and 

scour protection is provided at inlets, regardless of whether a sediment forebay is required (see Section 

3.5.4). 

2.7 Function over time 

Bioretention systems provide a range of functions, including managing hydrology, removing pollutants, 

and enhancing amenity. Some of these functions are provided for as long as the bioretention system 

remains in place, while others vary over time. Most functions remain high while the porosity of the filter 

media is maintained and suitable plants are retained within the system. Careful selection of desirable 

plant species alongside appropriate maintenance practices aids in maintaining filter media porosity. 

There are now many bioretention systems in Australia over 20 years old, with the oldest approaching 25 

years in age. Thus, while it is currently impossible to say with accuracy what the expected lifespan of 

bioretention systems is, it is likely that well-designed, constructed, established and maintained systems will 

function well for at least 25 years, and almost certainly much longer. There is reason to believe that some 

bioretention functions may be retained effectively indefinitely. 

Monitoring the performance of bioretention systems is an important component of their long-term 

management, but it can be an expensive and nuanced task. For further information on monitoring 

bioretention performance, refer to Maintaining Vegetated Stormwater Assets (Water by Design). 

Hydrologic function ð While the hydraulic conductivity of the filter media remains close to the design rate, 

bioretention systems designed for hydrologic benefits, such as reducing stormwater volumes entering 

waterways, will retain their capacity to perform this function indefinitely. 

Sediment removal ð Sediment removal capacity is influenced by filter media grading and its porosity. 

While the hydraulic conductivity of the filter media remains close to the design rate, sediment removal 

capacity will remain constant. 

Phosphorus removal ð Phosphorus occurs in stormwater in particulate (attached to sediments) and 

soluble (dissolved) forms. Bioretention systems remove particulate sediment from stormwater via physical 

filtration within the filter media. Soluble phosphorus is removed by sorption onto fine particles within the 

filter media and to a lesser extent through biological uptake by plants.  

While filter media have a finite capacity to retain dissolved phosphorous, this capacity may be 

replenished over time due to new sediment entering the bioretention system and uptake by plants. After 

a given time, when the capacity of the filter media to retain dissolved phosphorus is exhausted, 

phosphorus removal within the bioretention system will decrease, and be limited to filtration of particulate 

phosphorus and biological uptake of soluble phosphorus. The time at which this occurs is driven by the 

amount of filter media (surface area and depth) in the bioretention system compared to the total 

catchment area.  

About 40% of the total phosphorus in stormwater is associated with particles greater than 50 microns 

(Vaze and Chiew 2004). It is reasonable to expect that this phosphorus will continue to be removed in a 

bioretention system even after the sorption capacity in the system has been exhausted.  

Nitrogen removal ð Nitrogen occurs in stormwater in particulate, organic or soluble forms. Nitrogen 

processing in bioretention systems occurs through a combination of mineralisation, nitrification and 

denitrification. These processes change the form of the nitrogen. Nitrogen is ultimately removed from 

stormwater by either plant uptake or by being released to the atmosphere as nitrogen gas. For this to 

occur, the bioretention system must contain a suitable amount of desirable plants (see Section 3.7.5). The 

plants in turn support microbial communities that facilitate this nitrogen processing.  

Newly constructed bioretention systems may see an initial lag in nitrogen removal until plants establish 

during the first growing season. Once plants are established, nitrogen removal capacity in bioretention 
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systems should remain relatively constant over time, so long as suitable plants remain in the system and 

the filter media porosity is maintained. 

Heavy metal removal ð Heavy metals occur in stormwater in particulate (attached to sediments) and 

soluble (dissolved) forms. Bioretention systems remove particulate metals from stormwater via physical 

filtration within the filter media. Much like phosphorus, soluble metals are removed by sorption onto fine 

particles within the filter media and to a lesser extent through biological uptake by plants.  

While filter media has a finite capacity to retain dissolved metals, this capacity may be replenished over 

time due to new sediment entering the bioretention system and uptake by plants. After a given time, 

when the capacity of the filter media to retain dissolved metals is exhausted, metals removal within the 

bioretention system will decrease and be limited to filtration of particulate metals and biological uptake 

of soluble metals. The time at which this occurs is driven by the amount of filter media (surface area and 

depth) in the bioretention system compared to the total catchment area. 

Hydrocarbon removal ð Bioretention systems remove hydrocarbons from stormwater by volatilisation and 

processing by microorganisms. While filter media porosity remains close to its design rate, hydrocarbon 

removal capacity should be retained. 

Amenity ð Bioretention systems provide amenity through the quality of design and plant selection. 

Amenity will increase as plants establish, and then remain relatively constant over time, varying 

seasonally, with climate and maintenance regime. 

Urban heat ð Bioretention systems help mitigate urban heat by providing shade and passive cooling. Their 

ability to do this will increase as plants establish and then remain relatively constant over time once plants 

have matured. Including trees in bioretention systems will further enhance their urban cooling properties. 

Ecology ð Bioretention systems support urban ecology by providing habitat and food for wildlife. The 

ecological benefits of bioretention systems increase as the plants establish and are further enhanced 

through the provision of layered vegetation communities with diverse plant selection. 

3 Design process 
Designing bioretention systems requires the civil, landscape and ecological aspects of the site to be 

considered to ensure systems are functional, well integrated with the urban landscape, and that they 

complement local ecology.  

Bioretention design involves multiple stages and iterations, as illustrated in Figure 15.  

Concept design involves selecting the most appropriate treatment measure, and identifying the location, 

size and indicative shape of the treatment system within the site. The Concept Design Guidelines for 

Water Sensitive Urban Design (Water by Design) should be used to guide the concept design phase.  

Functional design involves adding detail to the conceptual design to ensure the system will work as 

intended. In retrofit projects, this involves setting key bioretention system levels and ensuring that all 

critical components (e.g. the treatment area, batters and bunds, sediment capture and maintenance 

access) are allocated sufficient space within the available area. The same process occurs for 

bioretention systems delivered through the development assessment process; however, in this case, the 

bioretention functional design also informs key elements of the design of the rest of the development.  

For example: 

¶ In level constrained developments, the bioretention functional design will set minimum road and pipe 

levels throughout the development. 

¶ In the case of streetscape bioretention systems, the functional design will also influence lot layout, lot 

yield and the location of gully pits. 
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It is critical that for bioretention systems delivered through the development assessment process, 

conceptual and functional design (at a minimum) are delivered for the planning stage of development 

assessment. Functional design is addressed in Section 3.1 of this guideline but must occur cognisant of 

detailed design to follow (Sections 3.2 through 3.9). 

Detailed design involves determining the remaining engineering and landscape details necessary for the 

system to function. The outcome of detailed design is a design report, a set of engineering and 

landscape drawings, and construction specifications, all of which clearly communicate the design in 

sufficient detail for assessment (if required) and construction. Detailed design is addressed in Section 3.2 

to 3.9. 

 

Figure 15. Bioretention design process. 

The following sections describe the bioretention system's functional and detailed design processes. The 

design of each component of a bioretention system is addressed individually. Design details provided are 

divided into ôperformance outcomesõ and ôrecommended approachõ. The ôperformance outcomesõ 

outline the aim to be achieved in designing each component of a bioretention system, while the 

ôrecommended approachõ is one approach that is proven to achieve the performance outcome. This 

delineation is to ensure that the essential aspects of bioretention design are incorporated, while also 
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encouraging innovative approaches to design. In situations where the design of one element of a 

bioretention system is closely related to the design of another, cross-references are provided. 

When reading the design process as it is laid out, it may appear that functional and detailed design are 

linear processes where background investigations (Section 3.2) inform the spatial location of the 

bioretention system via specifying layers, depths and levels (Section 3.3) and finalising the layout (Section 

3.4). Inlet (Section 3.5), outlet (Section 3.6) and vegetation design (Section 3.7) are then completed, 

design checks undertaken (Section 3.8) and the design documented (Section 3.9). While this approach 

can achieve acceptable outcomes for very simple designs, it does not allow for complexity, 

collaboration and achieving multiple design objectives.  

In almost all cases, better outcomes are achieved if bioretention systems are delivered via a highly 

collaborative and iterative process. The design team works together throughout the process and is 

cognisant of all design objectives at all times. This ensures that the optimal outcome is achieved and 

time-consuming repetition of design steps is avoided. It is recognised that there are perceived additional 

costs for collaborative design; however, this process ultimately results in significant cost savings and the 

delivery of assets that are integrated with the landscape and valued by the local community. 

DESIGN NOTE: Bioretention design teams  

The design process for bioretention systems should be: 

¶ Collaborative between stormwater engineers, ecologists, landscape architects, and urban 

designers to ensure optimal functional, ecological, and aesthetic outcomes. 

¶ Ideally, the same design team should be involved in the  concept  design  and  the  detailed  design  to  

ensure continuity and avoid misinterpretations. 

¶ Iterative to ensure the design is responsive to changes in constraints, opportunities, and urban 

design. 

 

DESIGN NOTE: Local authority and service provider requirements  

The design process and guidance provided in this document are based on a process that has been 

proven to work across many projects and locations. However, individual local authorities and service 

providers may have standards and requirements that differ from those provided in this document. It is 

important to consult with the local authority and service providers early in the design process (see 

Section 3.2.3) and, where specific requirements exist, defer to them. 

3.1 Functional design 

The functional design process outlined below is for a bioretention basin delivered through the 

development assessment process, where the system is located adjacent to known constraints (e.g. site 

boundaries, vegetation to be protected, etc.) and where the discharge location is known (pipe, 

channel, waterway, etc.). 

Variations to the functional design process for bioretention systems delivered as retrofit projects are 

described in Section 3.1.1.  

Additional functional design considerations for streetscape and on-lot bioretention systems are described 

in Section 3.1.2. 

PERFORMANCE OUTCOMES 

Functional design must: 

¶ set key bioretention levels 

¶ allocate sufficient space for all bioretention elements, including the treatment area, batters and 

bunds, sediment capture and maintenance access 

¶ provide preliminary locations for all structures, such as inlets and outlets 
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¶ be completed for the planning stage of assessment (for systems delivered through development 

assessment). 

RECOMMENDED APPROACH 

The recommended functional design approach includes: 

¶ Step 1 ð Identify the treatment type, preliminary dimensions and treatment location from the concept 

design. 

¶ Step 2 ð Obtain the site information described in Table 5 in Section 3.2.1. 

¶ Step 3 ð Identify key levels and constraints, including the level and location of the proposed 

discharge point, the level and location of the proposed inlet(s), site boundaries, road reserves, 

services, and vegetation to be preserved. 

¶ Step 4 ð Set preliminary bioretention levels. 

¶ Step 5 ð Set available treatment footprint. 

¶ Step 6 ð Locate and size key system components (inlet(s), sediment capture, maintenance access, 

outlet pit and overflow weir). 

Note that all six of these steps can be done easily with pen, paper and trace paper, prior to later 

converting to a digital format. 

 

Step 1 ð Treatment type, dimensions and location from concept design 

Concept design is undertaken prior to functional design. The outputs of the concept design will be used 

to inform the functional design process. They should include: 

¶ the proposed treatment type (in this instance, bioretention) 

¶ approximate system size 

¶ proposed system location. 

Step 2 ð Site information 

Functional design requires a thorough understanding of the site. Table 5 and Section 3.2.1 describe all the 

site information required to complete the detailed design. This information is all useful at functional 

design, but at a minimum, obtain: 

¶ topographical survey  

¶ site boundaries 

¶ catchments 

¶ hydrology and drainage infrastructure  

¶ services. 

Step 3 ð Identify key levels and constraints 

Steps 4 and 5 of the functional design process require an understanding of key levels and constraints. As 

a minimum, the following levels and locations must be identified: 

¶ the proposed discharge point 

¶ the proposed inlet(s) 

¶ site boundaries 

¶ adjacent road reserves 

¶ services 

¶ vegetation to be protected. 

Step 4 ð Setting preliminary bioretention levels 

Preliminary bioretention levels are set to not only ensure that sufficient grade is available for the system to 

drain, but also to directly inform the location and spatial layout of the system (Step 5).  
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Ideally, preliminary bioretention levels are set in conjunction with finished ground levels, the road layout 

and stormwater network design. This allows the requirements of the bioretention system to inform the 

levels throughout the development, and vice versa, and ultimately leads to the optimal outcome. 

Initially, set preliminary bioretention levels using a ôbottom upõ approach by identifying the level of the 

discharge point and then working up through the system.  

Levels should be set for the (see Figure 16): 

¶ outlet pipe at the point of discharge 

¶ upstream end of the outlet pipe (at the outlet pit) 

¶ base of the bioretention system 

¶ top of the drainage layer, transition layer and filter media 

¶ top of the extended detention depth 

¶ crest of the overflow weir 

¶ top of any bunds/ embankments 

¶ invert of the inlet/ sediment forebay. 

Where the bioretention system is collocated with a detention basin, the levels required for the detention 

basin must also be considered. This will likely include consideration of the total volume of storage required 

for the detention basin, the available surface area, and the acceptable depth of inundation for various 

storm events. 

 

Figure 16. Key levels to set during functional design. 

Once set, compare the preliminary bioretention levels to preliminary ground, road and stormwater 

network levels to ensure that sufficient grade is available for the system to fit within the vertical space 

available (Figure 17). 
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Figure 17. Preliminary levels compared to development levels. 

In an ideal world, the bioretention levels and development levels will tie in neatly as shown in Figure 17 ð 

A. If this is the case, proceed to Step 5.  

In some instances, the preliminary bioretention levels may not easily fit within the available constraints 

(Figure 17ð B). This is particularly likely to occur on flat sites, or if finished ground, road and stormwater 

levels have been set without consideration of stormwater treatment levels. In this instance, several 

options exist: 

1. Collaborate with the civil engineers to increase finished ground, road and stormwater levels, being 

mindful that any increase may result in filling across the development site, increasing overall project 

costs. 

2. Investigate alternative inlet arrangements. For example, using multiple box culverts or pipes rather 

than a single pipe may allow the inlet to enter the system at a higher level, increasing the available 

vertical space for the drainage profile. 

3. Design a Type 1 saturated zone bioretention system with a level-constrained outlet. This drainage 

profile requires less vertical space than alternative drainage profiles. 

4. Implement streetscape bioretention rather than end-of-pipe bioretention. Note that this will likely 

require a complete redesign of ground levels, road layouts and levels, and the stormwater network. 

5. Implement a constructed wetland instead. Note that constructed wetlands have a larger surface 

area than bioretention systems for the same treatment performance and thus will require more space 

to implement. 

The final scenario is when preliminary bioretention levels will easily fit within the available constraints 

(Figure 17ð C). In these instances, care must be taken to ensure that an appropriate cut to fill balance 

and landscape outcome is achieved. For example, when designing from the ôoutlet upõ as described 

above, the bioretention will initially be set as low in the landscape as possible. For flat or level constrained 

sites, this is necessary, but for steeper sites that are not level constrained, this will result in excessively deep 

excavation, large batters and ultimately an unnecessarily large surface area. 

If the preliminary bioretention levels are found to easily fit within the available constraints: 

1. Consult with the project civil engineer. There may be opportunities to reduce filling within the 

development, lowering surface levels around the bioretention system and saving the development 

money on importing fill. 
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2. Reset the preliminary bioretention levels, this time working from the inlet pipe in a ôtop downõ manner, 

with consideration of the optimal cut to fill balance. This will result in a bioretention system set higher in 

the landscape, with smaller batters and a smaller overall footprint (Figure 18). 

 

Figure 18. Bioretention designed from the top down. 

Step 5 - Set available treatment footprint 

Having established the bioretention levels, these can be used (alongside information on site constraints 

such as the location and height of the road reserve, property boundaries, and vegetation to be 

preserved) to identify the area available for bioretention system filter media, allowing appropriate space 

for batters, embankments and maintenance access. 

To demonstrate this concept, consider a bioretention system located between a residential 

development and vegetation to be preserved. Preserving the vegetation will require not undertaking any 

earthworks within a tree protection zone (e.g. 500 mm outside the drip line of the tree). In this instance, 

comparing the surface level at the tree with the required embankment level for the bioretention system 

will determine the shape of the bund/ embankment required adjacent to the tree.  

For example: 

¶ Where the base of the tree is higher than the minimum bund level, then a batter from the filter media 

surface to the edge of the tree protection zone (allowing also for maintenance access) is required 

(see Figure 19). 

¶ Where the base of the tree is lower than the minimum bund level, then a batter from the filter media 

surface to the top of the bund and back down to the tree protection zone (allowing also for 

maintenance access on top of the bund) is required (See Figure 20). 

 



 

Bioretention Technical Design Guidelines  Page 41 

 

Figure 19. Batters where constraints are higher than the minimum bund level. 

 

 

Figure 20. Batters where constraints are lower than the minimum bund level. 
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With this information, the distance that the filter media must be from the tree protection zone can be 

calculated as: 

 

For systems where constraints are higher than the minimum bund level (Figure 19) 

Equation 1 

d = (lt ð lfm) * gb + wm 

Where: d = distance from edge of filter media to edge of constraint 

 lt = level of the base of the tree (the constraint) 

 lfm = level of the surface of the filter media 

 gb = gradient of the batter from the filter media to the top of batter 

 wm = width of the maintenance access track (if present) 

 

For systems where constraints are lower than the minimum bund level (Figure 20) 

Equation 2 

d = (lb ð lfm) * gb + wb + (lb ð lt) * gb 

Where: d = distance from edge of filter media to edge of constraint 

 lb = level of the bund 

 lfm = level of the surface of the filter media 

 gb = gradient of the batter from the filter media to the top of batter 

 wb = width of the bund (may include maintenance access track) 

 lt = level of the base of the tree (the constraint) 

 

This distance can then be drawn onto plans to show the furthest extent available for the filter media, 

without the need for excessively steep batters or walls (Figure 21). 
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Figure 21. Available extent for filter media relative to trees. 

This process can then be repeated for any other constraints, such as the location of the road reserve 

(Figure 22). 

 

 

Figure 22. Available extent for filter media relevant to other constraints. 
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Finally, the available area for filter media is sketched in (Figure 23). This process has the advantage of 

creating organically shaped bioretention systems whose form relates to the surrounding landscape and 

topography. 

 

 

Figure 23. Sketch of the available area for filter media. 

Having established the area available for the filter media, compare it to the area identified in the 

concept design to ensure that sufficient area is available. If sufficient area is available, proceed to Step 

6. If insufficient area is available, repeat Step 5, testing different gradients of batter, and the judicious use 

of walls (see Sections 3.4.5.3 to 3.4.5.5 for guidance) until sufficient space is available for the filter media. 

For example, if additional filter media area were required for the system shown in Figure 23, small walls 

could be used within the batters adjacent to each tree. This would increase the area available for filter 

media adjacent to the trees. As the vegetation established, the walls would be screened, making them 

visually unobtrusive. Consideration would need to be given to how these walls would interface with any 

maintenance access. 

If sufficient space is still not available for the filter media, then the overall concept for the development 

must be reconsidered. This may include altering lot layouts and yield to create additional space for 

stormwater treatment. 

DESIGN NOTE: Area required for detention basins 

Detention basins typically require a greater area than bioretention basins. Where they are collocated, 

the detention basin will dictate the space required for the combined system. 
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Step 6 ð Locate and size key system components 

The final step in functional design is to provide preliminary sizing and locations for the following key 

structures: 

¶ Filter media area 

¶ Inlet(s) 

¶ Sediment capture 

¶ Maintenance access 

¶ Outlet pit 

¶ Overflow weir. 

This is done in accordance with the sections listed above, and results in a layout and section as shown in 

Figure 24. 

 

 

Figure 24. Typical layout and section resulting from functional design. 

3.1.1 Additional consideration for retrofit projects 

In many instances, the functional design process for bioretention systems delivered as retrofit projects is 

simpler than for those delivered as a part of new development. This is because retrofit projects generally 

have more fixed constraints. Very often, the inlet and outlet levels and location are fixed, with only a 

limited area available for the system. In these instances, bioretention design becomes a matter of fitting 

the system into the available space, and if sufficient space is unavailable, bioretention may not be 

appropriate for the site. In this instance, the designer should reassess the suitability of bioretention (see 

Section 2.5) before proceeding.  
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RECOMMENDED APPROACH 

Where the site is level constrained, consider if: 

¶ The site is suitable for a Type 4 infiltration - pipeless bioretention system (refer to Section 3.3.1 and 

Figure 31). 

¶ A Type 1 saturated zone system with a level-constrained outlet (refer to Section 3.6.1.3 and Figure 78) 

will fit within the site constraints. 

If neither of the above is suitable, bioretention is not appropriate for the site. An alternative treatment 

technology, such as a constructed wetland, may be considered instead. 

Where the site is constrained by the available area: 

¶ Consider if additional space for the filter media can be obtained by the judicious use of steeper 

batters or walls, ensuring that a safe and aesthetic outcome is still achieved. This approach is subject 

to the prior approval of the ultimate asset owner who, in the case of retrofit projects, is likely also the 

client of the project. 

¶ Consider if it is acceptable to implement a smaller than planned bioretention system, noting that this 

will deliver reduced treatment performance. 

If neither of the above is suitable, bioretention is not appropriate for the site.  

3.1.2 Additional considerations for streetscape and on-lot bioretention systems 

Streetscape and on-lot bioretention systems form important parts of the bioretention treatment palette. 

In the case of commercial, industrial and multi-unit developments, in many instances treatment must be 

located on-lot. In the case of flat development sites, streetscape bioretention systems are often the only 

style of bioretention that can be implemented within the available grade. However, because of the 

inherent constraints associated with both allotments and the streetscape (e.g. competition with services 

for space in the verge), bioretention functional design of these systems is inherently more complex. 

RECOMMENDED APPROACH 

In addition to the steps outlined in Section 3.1, functional design of streetscape and on-lot bioretention 

systems should take into account the substantial additional constraints and competition for space 

present in the streetscape. 

Some examples of poor functional design of streetscape and on-lot bioretention systems include: 

¶ Systems built excessively deep. If batters are used, this results in excessive land take. If walls are used, 

this results in deep, unesthetic fenced systems (Figure 25). 

¶ Drops and trip hazards abutting footpaths, prompting the system to be fenced (Figure 26). 

¶ Large numbers of excessively small systems implemented, increasing the batter to filter area ratio and 

thus overall land take and maintenance costs (Figure 27). 

¶ Systems conflicting with driveways, resulting in problematic driveway crossovers and/ or systems being 

split into multiple smaller systems (Figure 27). 
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Figure 25. Unacceptable use of walls in a streetscape/on-lot bioretention system. Photo credits: Paul Dubowski. 

 

Figure 26. A system fenced because of the drop adjacent the footpath. Photo credits: Paul Dubowski. 

 

Figure 27. Many streetscape systems in close proximity to conflicting with driveways. Photo credits: Paul Dubowski. 

Functional design of streetscape and on-lot bioretention systems is most successful when it is undertaken 

collaboratively with the entire design team, including civil and stormwater design, prior to the road layout 

and stormwater network design being finalised. This allows for the functional design to inform road layout 

and stormwater network design. 
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Key design outcomes of successful functional design of streetscape and on-lot bioretention systems often 

include: 

¶ on corners, lots (and thus driveways) are oriented to face collector roads, allowing bioretention 

systems to be located adjacent to the long edge of the lot, unencumbered by driveways (Figure 28) 

¶ sags and high points in roads are positioned to direct appropriately sized catchments to bioretention 

systems 

¶ bioretention systems receive inflows as overland flow (the minor storm is not piped prior to treatment) 

while preserving appropriate flow depths and widths (Figure 29) 

¶ road reserves are locally widened (and lots narrowed) adjacent to bioretention systems to allow 

sufficient room for the bioretention system and services (Figure 62) 

¶ bioretention systems are collocated with traffic calming (Figure 30). 

 

Figure 28. Lot orientation for corner blocks. Photo credits: Brad Dalrymple. 

 

Figure 29. Streetscape bioretention systems receive inflows as surface flow. Photo credits: Jack Mullaly 
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Figure 30. Collocation of bioretention with traffic calming. Photo credits: Paul Dubowski. 

3.2 Background investigations 

Background investigations are required to ensure that site-specific opportunities and constraints are 

identified early in the design process and incorporated into the final design. Undertaking the necessary 

background investigations streamlines the design process, reduces delays and mitigates risk during 

design, construction, establishment and operation.  

The background investigations required are: 

¶ analysis of the site 

¶ defining design objectives 

¶ consulting with the local authority. 

3.2.1 Site analysis 

PERFORMANCE OUTCOMES 

Site analysis must: 

¶ understand the site-specific constraints and opportunities 

¶ test any assumptions made during concept design. 

RECOMMENDED APPROACH 

Site information should be obtained using desktop analysis and site inspections. All members of the 

design team should visit the site. Team members are likely to have visited the site during concept 

development; however, a site visit is recommended at the start of the detailed design phase to verify the 

suitability of the concept and to collect more detailed information. Ideally, the whole design team should 

attend an initial site inspection to develop a clear understanding of the intent of the bioretention 

systemõs design within the context of the site. 

The amount and quality of information required for detailed design will vary between projects. Table 5 

summarises the information typically required for detailed design. This information should be collected 

digitally and presented on an annotated plan. 

 

 

Table 5. Site information requirements. 
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Information  Requirements  Primary responsibility  

Topographical 

site survey 

Survey the site and external areas (where applicable) to assess existing 

flow pathways. 

Surveyor 

Boundaries Determine boundaries of existing and proposed road reserves and 

allotments , and any access routes that may cross the bioretention 

system. Consider whether boundaries or routes are fixed or if there is 

scope to amend them. 

Surveyor 

Catchments Determine  the  catchment  area  from:  

¶ a topographic survey for bioretention systems receiving surface flows 

¶ drainage network plans for bioretention systems receiving piped flows. 

Stormwater 

specialist 

Hydrology  and 

drainage 

infrastructure 

Inspect the site, waterways, bioretention catchment and receiving 

drainage during and after rainfall to verify: 

¶ flow direction and behaviour 

¶ presence of baseflow 

¶ ponded water zones. 

Survey the size, location, and levels of existing drainage and waterway 

features upstream, within, and downstream of the site. Importantly, 

invert levels of drainage systems that will receive outflows from the 

bioretention system should be collected, as well as the levels of any 

existing upstream contributing drainage. 

If water is ponding in these drainage systems, survey the water level after 

rainfall. Confirm seasonal variation in water levels, particularly in low-

lying areas. 

Where the bioretention system will connect with or abut future 

drainage infrastructure, the latest infrastructure design plans should be 

consulted in lieu of a survey. 

Stormwater 

specialist, civil  

engineer, surveyor 

Services Where the bioretention system will be retrofitted into a site, identify 

existing services by  undertaking  a ôDial Before  You Digõ search  

(www.byda.com.au).  Include the depths of underground services on the 

site survey plans. Physical detection of underground services may be 

required. 

Civil engineer 

Flora and  fauna  If a site contains individual plants or vegetation communities that are to 

be preserved, survey their size, location, level and drip zone. 

Review any flora and fauna reports for the site and receiving 

waterways. 

Identify locally occurring native plant species that are performing well 

in similar conditions to the conditions of the proposed bioretention 

system. 

Identify the extent and location of invasive weeds that may influence 

design, as well as any planting combinations that are successfully 

suppressing weeds. 

Ecologist, surveyor 

 

Soil Identify details of the soils present on site (type, chemistry and structure) 

through previous investigations (concept design stage), a review of soil 

maps, or a soil assessment in accordance with AS/NZS 1547:2000 Clause 

4.1.3. 

Identify the bearing capacity of the soil and any implications for 

system constructability. Bearing capacity may influence the design of 

foundations for hydraulic structures and whether a vertical sub-soil 

interface between the drainage layer and in-situ soils can be 

created. 

Where  a permeable  base  or sides are  proposed  for the  bioretention  

system (Type 3 or 4 drainage profile), test in -situ hydraulic conductivity 

and assess groundwater to confirm whether water will infiltrate into in-

situ soils from the bioretention base. 

Stormwater 

specialist and soil 

scientist 

http://(www.byda.com.au)./
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Undertake a preliminary desktop assessment for acid sulphate soils 

(ASS). 

or contamination. If there is a potential risk, further geotechnical 

investigations are required to ensure these soils are avoided or 

appropriately managed. Management plans for ASS or contaminated 

soils should be developed by a suitably qualified professional. 

Groundwater  Determine the general characteristics of the local groundwater to: 

¶ ensure the bioretention system will not cause adverse impacts (e.g. 

draining local 

¶ groundwater, acid sulphate impacts) 

¶ determine whether infiltration of filtered flows into the surrounding soil 

can occur. 

Preliminary assessment of groundwater should be undertaken at the 

same time as the soil assessment. Where elevated or acidic 

groundwater is detected, further groundwater investigations may be 

required to ensure the bioretention system does not interact with the 

groundwater (i.e. liner requirements). This work should be undertaken 

by a suitably qualified engineer or hydrogeologist. 

Stormwater/ WSUD 

specialist, soil 

scientist, 

hydrogeologist. 

Landscape 

features and 

integration issues  

Interpret existing landscape features and, where relevant, survey these 

features. Features may include: 

¶ pedestrian and vehicle circulation and access points 

¶ view corridors 

¶ the character and nature of any adjacent development and land 

use. 

Landscape 

architect 

Other Other  information  may  also be  required,  such as: 

¶ aerial photos (current and historical) 

¶ site history and contamination to understand potential issues during 

excavation 

¶ tidal information 

¶ cultural and heritage information 

¶ local or regional flood levels (additional flood modelling is often 

required as part of the overall project). 

Stormwater 

specialist 

3.2.2 Design objectives 

PERFORMANCE OUTCOMES 

The design objectives for bioretention systems must: 

¶ be clear, align with local policy, and be agreed upon by the project team 

¶ cover landscape, engineering, and ecological considerations. 

RECOMMENDED APPROACH 

Design objectives should be confirmed and agreed upon by the design team, the client, and the local 

authority. 

Each bioretention system will generally have a primary design objective and one or more secondary 

design objectives. Design objectives often form part of land development approval conditions.  

Example bioretention system design objectives include: 

¶ improve stormwater quality (typically the primary objective, in line with state or local government 

policies for the environmental protection of receiving waters) 

¶ manage the rate and frequency of minor stormwater flows 
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¶ introduce a landscape feature into an urban setting 

¶ enhance ecological values (e.g. increase local biodiversity) 

¶ buffer or integrate with an existing bushland or riparian corridor to enhance degraded conditions 

¶ facilitate passive landscape irrigation 

¶ engage and educate the community 

¶ provide passive cooling. 

Objectives will dictate or influence particular design details. For example, if the primary objective of the 

bioretention system is stormwater quality and a secondary objective is linking it to an existing riparian 

zone, then the system will have shrubs and trees that integrate with the existing riparian vegetation 

communities. 

3.2.3 Local authority consultation 

PERFORMANCE OUTCOMES 

The requirements and preferences of the local authority regarding bioretention design, construction, and 

maintenance must be understood and incorporated into the design process. 

RECOMMENDED APPROACH 

Local authorities should be consulted early in the design process to discuss the intent and purpose of the 

bioretention system. Local authorities are often the ultimate owners of bioretention systems, which are 

generally handed over to them by developers as contributed assets. Therefore, issues such as 

maintenance requirements must be understood from the start. 

The following information should be discussed with the local authority: 

¶ relevant standard drawings 

¶ formal or informal policies relating to bioretention 

¶ biodiversity issues and opportunities 

¶ bioretention flood immunity requirements 

¶ maintenance approach 

¶ access requirements 

¶ physical constraints on maintenance techniques (e.g. excavator reach length) 

¶ level of service 

¶ budget 

¶ problems with existing systems. 

DESIGN NOTE: Development staging and asset handover impacts on bioretention design  

It is important to identify local authority requirements for accepting contributed stormwater assets as 

part of development. Authorities will generally not accept poorly constructed, unfinished, damaged, 

or unestablished vegetated stormwater assets that are still subject to significant disturbance by 

construction and building activities in the catchment. 

Therefore, the design of bioretention systems in large developments  should  take  into account  the  

proposed  staging and desired timing for compliance and asset handover processes. Multiple smaller 

bioretention systems rather than a single, larger system may avoid potential issues associated with 

multi-stage developments. 

3.3 Layers, depths and levels 

To operate effectively, adequate elevation is required for each layer of the bioretention system. The 

design of layers, depths and levels is dictated by site constraints (see Section 3.2.1), design objectives 

(see Section 3.2.2) and the preferred drainage profile of the bioretention system (see Section 3.3.1). 

Several iterations of a layer profile design may be needed to satisfy all engineering and landscape 

requirements. These iterations may occur during functional design (see Section 3.1). 
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When setting bioretention system layers, depths and levels, the following should be specified: 

¶ drainage profile type 

¶ filter media depth and level 

¶ transition layer depth and level 

¶ drainage layer depth and level 

¶ saturated zone depth and level 

¶ outlet pipe levels 

¶ base level and liner type 

¶ outlet pit level 

¶ overflow weir level 

¶ extended detention depth and level 

¶ maximum water level 

¶ batter and embankment levels 

¶ inlet level(s) 

¶ coarse sediment forebay levels. 

When setting levels, the risks associated with shallow groundwater and tidal influences should be 

considered (refer to Section 3.3.3.2). Where possible, bioretention systems should avoid any actual acid 

sulphate soils (AASS) or potential acid sulphate soils (PASS). If it is not possible to avoid AASS or PASS, 

expert advice should be sought to manage the risks. 

DESIGN NOTE: Estimating preliminary levels  

It is important to carefully consider bioretention levels early in the design process and make 

appropriate allowances for any constraints that may be encountered as the design progresses. 

Constraints in bioretention levels can impact development earthwork levels. 

Allow for a contingency in preliminary estimates of bioretention levels to avoid problems associated 

with raising development levels late in the design process. It is generally easier to convince a client to 

reduce development levels than increase them. 

3.3.1 Drainage profile selection 

PERFORMANCE OUTCOMES 

The selected drainage profile must: 

¶ provide suitable growing conditions 

¶ ensure bioretention drainage does not adversely affect adjacent assets 

¶ be appropriate for the design objectives. 

RECOMMENDED APPROACH 

The drainage profile influences bioretention depths and levels. Selecting a drainage profile is dictated by 

design objectives, site conditions, and climatic influences on vegetation. A decision tree for determining 

the most suitable drainage profile based on site conditions is shown in Figure 31.  

The following attributes may assist in selecting the most appropriate drainage profile: 

¶ Type 1 saturated zone bioretention systems are recommended for dry climates and climates with 

seasonal dry periods. Type 1 saturated zone systems will provide better support for vegetation 

between rainfall events. Testing of bioretention systems with and without saturated zones showed that 

the filter media moisture content was consistently higher in systems with saturated zones (Zinger et al. 

2007). 

¶ Type 1 saturated zone bioretention systems are recommended for large bioretention systems where 

evenly distributing flow across the filter media surface may be problematic, as the saturated zone 

provides a water source for all vegetation. 
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¶ Both Type 1 saturated zone and Type 2A traditional sealed bioretention are effective at managing 

risks posed by dispersive, sodic and acid sulphate soils, as well as risks associated with high 

groundwater. 

¶ Both Type 1 saturated zone and Type 2A traditional sealed bioretention systems are appropriate for 

use in stormwater harvesting schemes. 

¶ Both Type 1 saturated zone and Type 2A traditional sealed bioretention systems prevent water from 

infiltrating into soils, making them appropriate for use near building foundations or where 

infrastructure may be damaged by infiltrated water. 

¶ Type 2A traditional sealed bioretention systems are the least effective at reducing flow volumes and 

meeting associated design objectives. 

¶ Type 2B traditional unsealed bioretention systems promote some infiltration into in-situ soils without 

optimising for it, as is the case for Type 3 infiltration ð with pipe bioretention systems. 

¶ Type 3 infiltration ð with pipe bioretention systems promote infiltration to in-situ soils and assist in re-

establishing the natural water cycle where in-situ hydraulic conductivity is not high enough to allow 

the use of Type 4 ð pipeless bioretention systems.  

¶ Type 4 infiltration ð pipeless bioretention systems have higher total losses of flow volume than the other 

four drainage profiles due to infiltration and evapotranspiration. Therefore, they are effective at 

managing frequent stormwater flows, assisting in re-establishing the natural water cycle, and 

reducing level constraints. 

Where Type 2B, 3 or 4 bioretention systems are proposed in the vicinity of buildings, roads or other 

structures, certification must be obtained from a geotechnical engineer that the infiltrated water will not 

negatively affect the adjacent infrastructure. Where this can't be obtained, a Type 1 or 2A system should 

be used. 
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Figure 31. Drainage profile selection decision tree. 
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3.3.2 Media layers and depths 

The functional layers and depths described in this section and shown previously in Figure 14 are used for 

setting key bioretention levels. 

3.3.2.1 Filter media 

PERFORMANCE OUTCOMES 

Filter media must: 

¶ support bioretention vegetation 

¶ infiltrate water sufficiently to meet design objectives  

¶ not migrate downwards through the transition layer, drainage layer, underdrainage or in-situ soil. 

RECOMMENDED APPROACH 

Filter media in bioretention systems is a sand and loam mix that supports vegetation and is integral to 

removing stormwater pollutants. Filter media is typically 600 ð 1000 mm deep (see Figure 14). 

The composition of filter media is critical to the function of bioretention systems. Filter media composition 

is a balancing act between achieving treatment performance and ensuring that the media is hospitable 

for plant growth, which is, in turn, essential for treatment performance. 

Previous versions of this guideline required that filter media comply with the Guidelines for Soil Filter Media 

in Biofiltration Systems (2009) developed by the Facility for Advancing Water Biofiltration (FAWB). Then, in 

2015, the Cooperative Research Centre for Water Sensitive Cities (CRCWSC) published the Adoption 

Guidelines for Stormwater Biofiltration Systems, which contains a filter media specification that effectively 

supersedes the FAWB guidelines. Since that time, it has been the default standard for bioretention filter 

media composition. 

While systems can be successfully constructed and established using filter media consistent with the 

Adoption Guidelines for Stormwater Biofiltration Systems (CRCWSC), it is recognised that this filter media 

specification (and its predecessor, the FAWB specification) is relatively inhospitable for plant growth. 

In 2023, Water by Design published the Specifications for Bioretention Filter Media and the supporting 

explanatory document Improving the Biology of Bioretention Systems. The former includes an alternative 

filter media specification aimed at making bioretention systems more hospitable to plant growth while 

retaining treatment performance. It also makes recommendations regarding the use of compost during 

the installation of bioretention systems. 

While the Water by Design specification is generally considered a step in the right direction, few 

bioretention systems have since been constructed using the new specification. Thus, it is not yet 

appropriate to recommend that all new bioretention systems be constructed in accordance with it.  

It is therefore recommended that: 

1. bioretention filter media be in accordance with the Adoption Guidelines for Stormwater Biofiltration 

Systems (CRCWSC) (except as modified by the notes in Section 4.3.1); or 

2. if wishing to trial a bioretention system that is more hospitable to plant growth, the designer 

implements either of the following, acknowledging that both approaches are still developmental: 

¶  specifying a filter media and compost in accordance with the Specifications for Bioretention Filter 

Media (Water by Design); or 

¶ specifying a filter media in accordance with the Adoption Guidelines for Stormwater Biofiltration 

Systems (CRCWSC), then ameliorating the filter media using compost in accordance with the 

Specifications for Bioretention Filter Media (Water by Design). 
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3.3.2.2 Transition layer 

PERFORMANCE OUTCOMES 

Transition layers must: 

¶ ensure the filter media does not migrate downwards 

¶ not migrate downwards themselves through the drainage layer, underdrainage or in-situ soil 

¶ not restrict flow rate through the filter media. 

 

RECOMMENDED APPROACH 

Transition layers are typically included in all bioretention drainage profiles. The transition layer composition 

is outlined in Section 4.3.2. 

For drainage profile Types 2A, 2B, 3 and 4, transition layers are typically at least 100 mm deep. 

For drainage profile Type 1, the transition layer depth is strongly tied to the configuration of the saturated 

zone. See Section 3.3.2.4 for the design of transition layers in Type 1 saturated zone systems. 

For drainage profiles Types 2A, 2B and 3 where levels are constrained, the transition layer can be omitted 

provided the top of the drainage layer is at least 100 mm above the top of the pipe and the 

specification requires the filter media and drainage layer material to comply with all parts of the specific 

criteria defined in the Drainage of Subsurface Water from Roads ð Technical Bulletin No. 32 (VicRoads): 

¶ D15 (drainage layer) Ò 5 x D85 (filter media). 

¶ D15 (drainage layer) = 5 to 20 x D15 (filter media). 

¶ D50 (drainage layer) < 25 x D50 (filter media). 

¶ D60 (drainage layer) < 20 x D10 (drainage layer). 

3.3.2.3 Drainage layer 

PERFORMANCE OUTCOMES 

Drainage layers must: 

¶ ensure overlying media does not migrate downwards 

¶ not restrict flow through the filter media. 

RECOMMENDED APPROACH 

The recommended drainage layer parameters for each bioretention drainage profile type are shown in 

Table 6, noting that the design of the drainage layer in Type 1 saturated zone bioretention systems is 

highly dependent on the configuration of the saturated zone (see Section 3.3.2.4). Specification details 

for drainage layer material are provided in Section 4.3.3. 

 

Table 6. Recommended drainage layer parameters. 

Bioretention drainage profile  Drainage layer parameters  

Type 1 saturated zone . ¶ Ó 50 mm of drainage layer material above all slotted or perforated 

¶ underdrainage pipes. 

¶ Base does not need to slope. 

Type 2A traditional sealed . ¶ Ó 50 mm of drainage layer material above all slotted or perforated 

¶ underdrainage pipes. 

¶ Base can either be flat or slope towards the outlet. If sloping, the 

recommended grade is 0.5%. 

Type 2B traditional unsealed . 
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Type 3 infiltration ð with pipe . ¶ Ó 50 mm of drainage layer material above all slotted or perforated 

¶ underdrainage pipes. 

¶ Ó 200 mm of drainage layer material below all slotted or 

¶ perforated pipes. 

¶ Base does not need to slope. 

Type 4 infiltration ð pipeless . ¶ No drainage layer required. 

 

3.3.2.4 Saturated zone 

This section only applies to Type 1 saturated zone bioretention systems. 

PERFORMANCE OUTCOME 

Saturated zones must support plant health and stormwater treatment. 

RECOMMENDED APPROACH 

Saturated zones are a water storage integrated into the transition and drainage layers of Type 1 

saturated zone bioretention systems. The water level in saturated zones is generally controlled by a piped 

outlet (or similar) that enables water to spill into an overflow pit when it exceeds the top of the saturated 

zone. During dry weather, the water level in the saturated zone is slowly drawn down by 

evapotranspiration. 

The top of the saturated zone (i.e. the water level when the saturated zone is at capacity) must be 

located within the transition layer (see Figure 14), at least 50 mm below the bottom of the filter media. 

The top of the saturated zone should not be located within the filter media, as this may lead to leaching 

of nutrients, nor within the drainage layer, as this may prevent capillary action, making moisture available 

to plants. 

The recommended minimum saturated zone depth is 350 mm (see Figure 14).  

In dry climates that experience no rain for more than six continuous weeks in a typical year, the 

Stormwater Biofiltration Systems Adoption Guidelines (FAWB, 2009) recommend two options: 

Increase the saturated zone depth in accordance with  

 

 

¶ Equation 3. For example, if a bioretention is likely to experience eight weeks of dry weather, the ideal 

depth would be 450 mm. 

¶ Make the saturated zone as deep as possible and allow it to be replenished at defined intervals 

during the dry period via surface irrigation or direct filling via inspection risers. For example, if a 

bioretention with a 350 mm deep saturated zone is likely to experience eight weeks of dry weather, 

the saturated zone would need to be filled after approximately six weeks to avoid it drying out. 

 

 

 

Equation 3 

D = 8 mm/day x t 

Where: D = depth of saturated zone (mm) 

 t = average of the longest annual dry period for the last 10 years (days) 
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3.3.3 Design levels (outlet, surface and water levels) 

Critical bioretention levels are defined relative to the level of inlet and outlet inverts, and the surrounding 

landscape. Setting the design levels is typically an iterative process. 

DESIGN NOTE: Inlet level constrained sites  

In some  cases,  the bioretention  system surface  levels. 

are dictated by inflow levels, such as when sites are being retrofitted, and the inflow level is fixed. Where 

inflow levels are fixed and not suitably elevated above the receiving drainage system, the following 

options should be investigated: 

¶ draining the bioretention to a lower downstream outlet 

¶ designing the bioretention at a higher level and surcharging flows onto the filter surface. Due to the 

increased hydraulic and maintenance implications with this option, it is important to make sure 

that the local authority is satisfied with this solution. 

 

3.3.3.1 Outlet pipe level 

This section only applies to bioretention drainage profile Types 1, 2A, 2B and 3, as Type 4 bioretention 

systems do not have an outlet pipe. 

PERFORMANCE OUTCOMES 

Outlet pipe levels must: 

¶ be sufficient to ensure that accumulated sediment does not block the outlet pipe connection with 

the receiving drainage system 

¶ allow bioretention filter media to drain freely. 

RECOMMENDED APPROACH 

Bioretention system outlets should drain freely to the receiving drainage systems, as outlined in Table 7. 

The recommended pipe grade is at least 0.3% (preferably Ó 0.5%). The outlet level is defined as the invert 

of the outfall pipe or channel where it discharges into the receiving drainage system. 

Table 7. Outlet pipe level recommendations. 

Receiving drainage system Minimum recommended level 

Ephemeral waterway. 300 mm above waterway invert or 100 mm above wet season water level, 

whichever is highest. 

Perennial waterway. 300 mm above the dry weather water level or 100 mm above the wet 

season water level, whichever is highest. 

Natural wetland. 100 mm above the maximum of the ground level or wet season standing 

water level. 

Natural ground. 100 mm above the maximum of the ground level or wet season standing 

water level. 

Pipe drainage system. 50 mm above the invert of the downstream pit or pipe system and above 

wet-season baseflow levels. 

3.3.3.2 Bioretention system levels relative to groundwater and tidal levels 

PERFORMANCE OUTCOMES 

With respect to groundwater and tidal levels, bioretention systems must: 
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¶ ensure bioretention biota is not harmed by water infiltrating from the surrounding soil into the 

bioretention system 

¶ ensure groundwater is not drawn down by bioretention underdrainage. 

RECOMMENDED APPROACH 

Allowing groundwater or tidal water to enter bioretention layers can be detrimental to biota (plants, 

bacteria, fungi, etc.) within the system. Plants can be affected by the quality of the water (e.g. salinity) or 

by having saturated roots for an excessively long time. Prolonged wetting of the filter media can reduce 

its ability to retain stormwater pollutants. Bioretention systems may also artificially lower the local 

groundwater level or discharge poor-quality subsurface water if they are left open to groundwater 

intrusion. 

The recommended bioretention system levels to ensure adequate protection for biota and groundwater 

are outlined in Table 8. The allowance for 300 mm above the highest astronomical tide (HAT) accounts 

for potential sea level rise due to climate change and is in accordance with advice in the Queensland 

Urban Drainage Manual (QUDM) (Institute of Public Works Engineering Australasia, Queensland, 2017). 

 

Table 8. Recommended bioretention levels relative to groundwater or tidal levels. 

Drainage profile type Level relative to wet season groundwater level 

(WSGL) 

Level relative to the 

highest astronomical tide 

(HAT) 

Type 1 saturated zone. Impermeable liner extends Ó 300 mm above WSGL. 

Note that a permeable liner consistent with Section 

3.3.5.2 should be applied to the remainder of the 

sides of the system and appropriately keyed into the 

batters. 

Impermeable liner 

extends Ó 300 mm above 

HAT. 

Type 2A traditional 

sealed. 

Typically, completely sealed (see Section 2.4), with no 

further requirements. Where a sealed system is 

implemented solely to prevent groundwater 

interactions, the extent of the lining of the sides of the 

system can be reduced so long as the liner extends a 

minimum of 300 mm above the WSGL. Note that 

where an impervious liner does not extend to the 

surface of the system, a permeable liner consistent 

with Section 3.3.5.2 should be applied to the 

remainder of the sides of the system and 

appropriately keyed into the batters. 

Base of transition layer Ó 

300 mm above HAT. 

Type 2B traditional 

unsealed. 

Base of underdrainage pipes Ó 300 mm above WSGL. 

Type 3 infiltration ð with 

pipe. 

Type 4 infiltration ð 

pipeless. 

Base of transition layer Ó 300 mm above WSGL. 

 

 

3.3.3.3 Extended detention 

PERFORMANCE OUTCOMES 

The extended detention must: 

¶ have sufficient temporary storage to meet design objectives  

¶ not harm vegetation through excessive inundation 
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¶ not be excessively deep so as to negatively affect integration with the surrounding landscape 

(streetscape systems in particular). 

RECOMMENDED APPROACH 

The recommended maximum extended detention depth is 300 mm (or 200 mm for constrained situations 

such as streetscape systems) as shown in Figure 32. Note that this is a maximum depth. Shallower depths 

can and should be used where doing so enhances amenity and integration. 

The overflow level (typically the overflow pit crest) is set at the top of extended detention. Extended 

detention depths greater than 300 mm can impact plant health and potentially cause overloading of 

the filter media. This can reduce the operational life of the system due to surface clogging and/or 

release bound pollutants. 

 

Figure 32. Extended detention depth and maximum water level requirements. 

 

3.3.3.4 Maximum water level 

The maximum water level in a bioretention system is the highest level that water will reach in the system 

under design conditions, considering all relevant storm events (refer to Table 14). The maximum water 

level above the bioretention filter media surface will be influenced by the design storm entering the 

system and the overflow configuration. 

Consideration of the maximum water level is required at both: 

¶ Functional design ð used to set embankment heights, which in turn informs system layout, depth and 

the total footprint of the system. 
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¶ Detailed design ð set in conjunction with outlet design and embankment heights to ensure that 

design storms are safely conveyed from the system and the bunds do not overtop in an uncontrolled 

manner. 

PERFORMANCE OUTCOMES 

The maximum water level must inform the minimum embankment height and flood conveyance. 

RECOMMENDED APPROACH 

At functional design, the maximum water level can initially be defined based on Figure 32. At detailed 

design, the maximum water level is refined based on outlet design (Section 3.6) and influences the 

minimum design levels for embankments around the bioretention perimeter. 

It should be noted that the maximum water levels defined in Figure 32 is pragmatic recommendations, 

not hard rules. The maximum water level in a bioretention system can be deeper than shown in Figure 32, 

but consideration must be given to how this will affect overall system depth, the grade of batters, and 

integration with the landscape, along with any additional stress that this will place on the plants within 

the system.  

Where bioretention systems lie within a flood detention basin, the maximum water level will be dictated 

by flood storage requirements (refer to Section 3.4.9). 

DESIGN NOTE: Maximum water level for streetscape bioretention systems  

In streetscape bioretention systems, the maximum allowable water level is defined by the maximum 

allowable flow depth in the adjacent street kerb and channel. This depth is defined by local standards 

such as QUDM  (Institute of Public Works Engineering Australasia, Queensland , 2017) to ensure road traffic 

and safety standards are met.  

3.3.3.5 Filter media surface level relative to surrounding surface 

PERFORMANCE OUTCOMES 

Relative to the surrounding landscape, the filter media surface level must: 

¶ ensure accumulated sediment does not block the inlet pipe(s) 

¶ provide safe and stable bioretention system edges 

¶ ensure the bioretention system forms an attractive landscape feature. 

RECOMMENDED APPROACH 

It is recommended that the inflow pipe or channel inverts are at or above the surface of the bioretention 

system (preferably 200 mm above the surface) to prevent silt or debris from accumulating in pipes. 

Bioretention system levels should be complementary to their surroundings and avoid creating significant 

depressions within the urban landscape. The elevation difference between the filter media and the 

surrounding surface is referred to as the bioretention system surface set down. 

The recommended maximum bioretention surface set down is outlined in Table 9, and is shown in Figure 

33. 

 

 

 

 

Table 9. Recommended maximum bioretention system surface set down. 

Bioretention application Bioretention system surface set down 
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Allotment bioretention. Ò 500 mm. 

Streetscape bioretention. Ò 200 mm below kerb invert at bioretention inlets. 

Civic space bioretention. Ò 500 mm. 

Parkland bioretention. Ò 2000 mm*. 

Bioretention adjacent natural 

areas. 

Ò 2000 mm*. 

*The 2000 mm surface set down for bioretention systems adjacent to parkland and natural areas assumes 

a large bioretention system, which requires a deep set down (e.g. because of large inlet pipes requiring 

cover). Smaller bioretention systems adjacent to parkland and natural areas can and should be 

designed with smaller surface set downs to reduce the overall footprint of the bioretention system. 

 

Figure 33. Bioretention system surface is set down for landscape integration. 

DESIGN NOTE: Topsoil level on batters and embankments  

Design levels for batters and embankments refer to the finished topsoil level. Therefore, earthworks 

design should account for a minimum of 200 mm of topsoil placement to meet the finished design 

level. Finished topsoil levels must then tie into the filter media surface level, maintenance paths, and 

other elements. This is an important design note to include on detailed design drawings and 

specifications. Refer to Section 4.4.1 for specification details. 

 

3.3.3.6 Minimum embankment height 

PERFORMANCE OUTCOMES 

Bioretention system embankments must: 

¶ contain the maximum water level with appropriate freeboard 

¶ prevent the bioretention system from being damaged by flows from external catchments. 

RECOMMENDED APPROACH 

The minimum bioretention embankment height depends on the design flows entering the system and the 

configuration of the outlet. In practice, this means that minimum embankment height must allow the 

largest design flow entering the system (often the major storm) to be conveyed over the outlet pit/ 

overflow weir without overtopping the embankment. An additional allowance should also be made for 

freeboard. 

Some common scenarios include: 

¶ Where the major storm enters the system, the minimum embankment height is the height of the 

overflow weir (or outlet pit if a weir is not present) plus both head to convey the major storm over the 

weir/pit and freeboard.  
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¶ Where a system is located offline and only low flows enter the system (e.g. the minor storm), the 

minimum embankment height is the height of the overflow weir (or outlet pit if no weir is present) plus 

head to convey the flow entering the system and freeboard. 

It is recommended that embankment height provides for freeboard that is at least equal to the greater 

of: 

¶ 20% of the elevation difference between the filter media surface and maximum water level 

¶ 50 mm. 

This freeboard recommendation aligns with a recommendation on the maximum water level around 

stormwater inlets described in QUDM (Institute of Public Works Engineering Australasia, Queensland, 

2017). 

For bioretention basins not combined with detention, the above requirements mean that the minimum 

embankment height is often approximately 1 m above the filter media surface. 

Where bioretention basins are collocated with detention, the volume of storage required for detention 

will often necessitate a higher embankment. In this situation, the minimum embankment height is the 

greater of that required for the stormwater treatment and detention components of the system. 

Where a bioretention system is located on the local or regional floodplain, minimum embankment levels 

must also consider immunity from flood events (refer to Section 3.4.10). 

As discussed in Section 3.3.3.4, the maximum water level in streetscape bioretention systems may 

encroach into the road pavement. Local authority freeboard requirements for the major flow levels in 

streetscapes should be applied in these situations. 

When proposing a new bioretention system within a sloping landscape (Figure 34), minimum bund height 

and freeboard requirements should be considered at the lowest point in the surrounding landscape or 

bund. This may require cut and fill techniques to avoid significant batters at one end of the system. 

Designers should ensure these types of configurations do not compromise the landscape amenity or 

space requirements for the system. Developing an earthworks model in conjunction with a landscape 

plan is useful to assist in locating bunds and achieving freeboards. 

 

Figure 34. Typical bioretention system embankment. 

3.3.3.7 Level constrained sites 

PERFORMANCE OUTCOMES 

Bioretention systems in level-constrained sites must: 
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¶ adapt to the constraints of the site 

¶ be robust and resilient 

¶ demonstrate that they are the most appropriate solution for the site. 

RECOMMENDED APPROACH 

In level-constrained situations, a range of design options may be feasible (subject to discussion with and 

approval from the local authority): 

¶ Adopting a saturated zone that can only be drained (e.g. for maintenance) via pumping. 

¶ Reducing the buffer between the bioretention outlet pipe invert and the receiving drainage level 

and ensuring the bioretention base conforms to the specifications shown previously in Table 6. Very 

accurate survey and seasonal water level information must be provided to local authorities to 

demonstrate that the bioretention will freely drain. 

¶ Removing the transition layer by ensuring the drainage layer meets the particle size grading 

requirements set out in Section 3.3.2.2. This generally isnõt a favoured approach as the transition layer 

provides resilience against structural collapse of the drainage profile. 

¶ Using one or more other technologies that meet the design objectives more appropriately within the 

level constraints. 

3.3.4 Base preparation 

PERFORMANCE OUTCOMES 

Where the base of a bioretention system does not include an impermeable liner, the base must be 

prepared to maximise infiltration. 

RECOMMENDED APPROACH 

Unless a bioretention system features an impermeable liner, it should be constructed to maximise 

exfiltration of stormwater to the surrounding soils. Traditionally, when bioretention systems are excavated, 

their base is inadvertently compacted. This compaction can prevent or limit exfiltration from the base of 

the bioretention system. 

To overcome this issue, the base of the bioretention system should be ripped prior to the installation of the 

underdrainage pipes. Ripping should be to a minimum 300 mm depth and break up compacted soil 

layers sufficiently to allow exfiltration while leaving a relatively even surface for installation of the 

underdrainage pipes (so that they can be laid flat without sinking in places). If the base of the 

bioretention system is graded towards the outlet pit to ensure that underdrainage pipes completely 

drain, the site superintendent should ensure that the ripping does not affect the grading. A spreader bar 

should be used to level the base of the bioretention system after it has been ripped. 

3.3.5 Liners 

Bioretention systems often require a liner. The need for and nature of the liner required depends on the 

drainage profile and site conditions. Liners can be either impermeable or permeable. 

3.3.5.1 Impermeable liners 

PERFORMANCE OUTCOMES 

Impermeable liners must: 

¶ Ensure water cannot be exchanged between the bioretention system and the surrounding soil. 

¶ Be durable. 

RECOMMENDED APPROACH 
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Impermeable liners are used for Type 1 saturated zone bioretention systems and Type 2A traditional 

sealed bioretention systems. The liner should have a hydraulic conductivity of less than 1 x 10-9 m/s and 

can be made from compacted clay or a manufactured material. The liner must not be dispersive. 

Impermeable liners in bioretention systems are designed to function for decades. They must be durable. 

Liners that exhibit seal sealing properties if punctured are highly desirable. Liners that do not self-seal 

should be avoided. 

The full extent of the liner should be installed under the supervision of a geotechnical engineer and 

subsequently certified by that engineer. Requirements for certification must be included on the design 

drawings and in the specification. 

For Type 1 saturated zone bioretention systems, the impervious liner should extend to at least the top of 

the saturated zone. The liner may need to be extended higher to prevent ingress of groundwater (refer 

Section 3.3.3.2). 

For Type 2A traditional sealed bioretention systems, the impervious liner will typically extend all the way to 

the surface of the system. Where is used solely to prevent groundwater ingress and does not extend to 

the surface of the system (refer to Table 8), a permeable liner should be used for the remainder of the 

sides of the system and appropriately keyed into the batters. 

The recommended impermeable liner is 300 mm thick compacted non-dispersive clay. Where suitable 

clays are available onsite, they should be used to create the liner. 

Bentonite liners can also be used to create an impermeable liner. Given that bioretention systems often 

have a complex shape and have at least one pipe connection through the liner, the seal between liner 

sheets and around perforations (e.g. around pipes and structures) must be robust. HDPE and other plastic 

liners are not recommended as they are difficult to create a seal with. 

Bentonite liners should be installed in accordance with the manufacturerõs instructions. These must be 

included on design drawings and in the specifications package. 

Proprietary liners and membranes should be ôkeyedõ into bioretention batters by extending them at least 

500 mm beyond the edge of the filter media (i.e. up the batter), then pinned to the in-situ soil and 

covered with at least 200 mm of topsoil. Refer to the Institute of Public Works Engineering Australasia ð 

Queensland and Northern Territory (IPWEA-QNT) Standard Drawings for details. Where an embankment 

bounds the system, the liner should extend over the embankment for reinforcement (Figure 35). 

 

Figure 35. Bioretention system liner extended over embankments. Photo credit: Shaun Leinster.  

 

3.3.5.2 Permeable liners 

PERFORMANCE OUTCOMES 
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Permeable liners must prevent in-situ soils from contaminating filter media or the underdrainage network. 

RECOMMENDED APPROACH 

Permeable liners (e.g. geotextile) are used to line the sides but not the base of Type 2B traditional 

unsealed, Type 3 infiltration ð with pipe and Type 4 infiltration ð pipeless bioretention systems to manage 

in-situ soil migration into the various layers. It is recommended that liners extend at least 300 mm onto the 

bioretention base to allow the liner to be held in place by pins or the lowest bioretention layer. 

Permeable liners should be used around the sides of Type 1 saturated zone and Type 2A sealed 

bioretention systems if the impermeable liner does not extend to the top of the filter media. 

Permeable liners should be ôkeyedõ into bioretention batters by extending at least 500 mm beyond the 

edge of the filter media (i.e. up the batter), then pinned to in-situ soil and covered with at least 200 mm 

of topsoil. Refer to the IPWEA-QNT Standard Drawings for details. Where bioretention systems are 

bounded by an embankment, liners should extend over the embankment for reinforcement (Figure 35).   

 

 

DESIGN NOTE: Options to exclude permeable liners 

The advice provided in this section regarding permeable liners is somewhat conservative in nature. In 

many instances, permeable liners can be excluded, lowering costs and carbon footprint. If the 

permeable liner is to be excluded, geotechnical advice must be provided to demonstrate that the in-

situ soil appropriately bridges with the bioretention layers or will not otherwise migrate into the 

bioretention layers. Dispersive soils, acid sulphate soils and elevated groundwater must also not be 

present, as these require the use of an impermeable liner. 

 

3.4 Bioretention system layout 

The layout of the bioretention system should ensure that sufficient space is allocated for all elements of 

the system and that the location and design of these elements do not compromise the amenity or 

function of the surrounding spaces and infrastructure.  

The layout of the bioretention system should consider the: 

¶ development of an earthworks model to assist in determining the optimal layout 

¶ filter media size 

¶ shape and location of the bioretention system 

¶ inlet and outlet locations 

¶ bioretention system edge and landscape interface 

¶ maintenance access 

¶ underground services 

¶ road reserves 

¶ flood storage requirements. 
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DESIGN NOTE: Timing of development within the catchment  

During the design process, it is important to consider the timing of development within the catchment 

of the bioretention system. Refer to the Guidelines for the Construction and Establishment of 

Bioretention Systems and Wetlands  (Water by Design ) to identify options for construction staging and 

methods for ensuring bioretention systems are resilient while the catchment is being developed.  

Key considerations include:  

¶ location of inflow and outflow points 

¶ protection of filter media from high sediment loads 

¶ management of overland flow paths into or around 

¶ the system 

¶ use of the system (without filter media installed) as a sediment basin during construction 

¶ delivery of large systems when the catchment will have building and construction activity 

occurring over several years or more. 

If the implications of the  location, construction technique , initial sediment load protection and 

management options for a bioretention system are not considered during  

design, major constraints can occur in the construction phase. Poorly designed, poorly constructed or 

damaged bioretention systems may not be accepted by a local authority at the asset handover 

stage.  

 

3.4.1 Earthworks model 

PERFORMANCE OUTCOMES 

The earthworks model must demonstrate that earthworks for the bioretention system can be 

accommodated within vertical and horizontal constraints. 

RECOMMENDED APPROACH 

Developing a digital three-dimensional earthworks model of the proposed bioretention system can help 

to test the design layout. Having an accurate digital model of the system early in the design process can 

reduce the number of design iterations by identifying critical level and footprint issues. This digital model 

can gradually increase in detail as subsequent design elements are resolved. The final digital model can 

be used to produce design documents such as plans and cross-sections. For small or simpler bioretention 

systems, scale drawings and two-dimensional CAD designs may suffice. 

3.4.2 Filter media area 

PERFORMANCE OUTCOMES 

The filter media area must: 

¶ be sufficient to achieve the design objectives 

¶ not detrimentally affect the lifespan of the bioretention system. 

RECOMMENDED APPROACH 

The required filter media area should be confirmed using catchment information collated in Section 3.2.  

One of the following sizing options should be used: 

¶ Confirming concept design size ð The filter media area should have been determined during the 

concept design phase (e.g. using MUSIC software or a relevant deemed to comply solution). If the 

catchment and bioretention system properties (e.g. catchment area and land use, filter media 
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depth, extended detention depth) have not changed since concept design, then the filter media 

size should remain valid. 

¶ MUSIC modelling ð Where catchment or bioretention system layer properties have changed since 

concept design, MUSIC software can be used to confirm the filter media area needed to achieve 

relevant stormwater management objectives. 

Where the available space for a bioretention system is constrained (i.e. less than required to meet 

relevant stormwater management objectives), the design team should investigate options to maximise 

the filter media area within the given constraints. This requires consideration of the surroundings of the 

bioretention system and an iterative approach to designing the layout and levels. 

DESIGN NOTE: Coarse sediment removal areas  

Space for a coarse sediment removal system should be included in the overall layout  of the 

bioretention system  (e.g. a coarse sediment forebay or inlet pond). The area required for these 

elements is in addition to the filter media area.  Methods for sizing forebays and inlet ponds are 

provided in Section 3.5.3. 

3.4.3 Shape and location 

PERFORMANCE OUTCOMES 

The shape and location of bioretention systems must: 

¶ ensure the system is suitably integrated with the landscape and consider the constraints of the site 

¶ allow the system to be easily constructed with commonly available equipment, while still meeting the 

design objectives. 

RECOMMENDED APPROACH 

Bioretention systems are permanent additions to the public landscape. Many factors influence the 

enjoyment of public space. Bioretention designers need to understand and respect these factors 

throughout the design process to ensure positive impacts on public landscapes. 

For bioretention systems in road space, the factors to consider include safety, legibility and ease of 

movement. For systems in parks, the factors to consider include scenic views, picnic areas, passive 

recreation areas and open kick-around spaces. For systems in civic spaces, factors to consider include 

shade, seating and ease of movement for large groups of people. 

Visual and land use integration issues need to be carefully considered when determining bioretention 

shape and location. 

Visual issues include: 

¶ aesthetics of engineering and maintenance infrastructure such as headwalls, inlets, outlets, weirs, 

access tracks, bunds, and batters (Figure 36 and Figure 37) 

¶ blocking scenic views and important pedestrian and vehicle sight lines with trees and shrubs (Figure 

38) 

¶ ensuring the shape of the bioretention system is appropriate for the site, for example, an organic, 

curved shape is generally suitable for natural settings, while a more rigid, angular shape is better 

suited to built-up areas (Figure 39).  

 

Land use issues include: 

¶ impacts from overflows and overshadowing from tall trees 

¶ space requirements ð bunds, batters, maintenance tracks and resultant reduction in open park/grass 

verge area 

¶ location of bioretention system ð implications on park circulation and use patterns. 
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Figure 36. Visual integration of bioretention systems. 

 

  

Figure 37. Visual integration of bioretention systems with existing park uses. 
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Figure 38. Integration of bioretention systems with pathways. 
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Figure 39. Bioretention system shapes. 

 

The filter media area can be formed into almost any shape, provided the overall system can be feasibly 

constructed and maintained, and does not result in unacceptable hydraulic performance. The 

interaction of visual and land use elements should be carefully considered when determining the shape 

and location of bioretention systems. 

To ensure the construction and maintenance of the bioretention system is feasible, filter media should: 

¶ be a minimum width of 600 mm, as narrower bioretention systems are difficult to construct 

¶ where construction access is available from both sides of the filter media, be a maximum width of 

15 m (20 m at an absolute maximum) to ensure the system can be constructed and maintained from 

the edge using typical construction equipment and machinery (Figure 40) 

¶ where construction access is available from only one side of the filter media, be a maximum width of 

10 m to ensure the system can be constructed and maintained from the edge using typical 

construction equipment and machinery (Figure 40) 

¶ be a maximum length of 40 m to minimise the risk of uneven distribution of stormwater over the 

surface and limit the length of underdrainage. 
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Figure 40. Bioretention width limitations. 

3.4.3.1 Large system configuration 

PERFORMANCE OUTCOMES 

The design of large bioretention systems must: 

¶ enable the system to be easily constructed with commonly available equipment 

¶ ensure water is distributed evenly across the system surface (see Section 3.5.7) 

¶ protect the filter media surface from high flows 

¶ provide sufficient water for the growth of all plants in the filter media. 

RECOMMENDED APPROACH 

Large bioretention systems present unique challenges not faced by smaller systems.  

Consideration must be given to how: 

¶ the system will be constructed without compacting the filter media and crushing the underdrains 

¶ to evenly distribute water across the filter media surface, evenly loading pollutants across the full filter 

media area 

¶ to provide sufficient water to support the growth of all plants within the filter media (plants furthest 

from the inlet often experience drier conditions) 

¶ to protect the filter media from high flow velocities. 

To achieve this, large bioretention systems with a total filter media area greater than 800 m2 should be 

split into cells of no larger than 800 m2. This is in addition to flow distribution requirements discussed in 

Section 3.5.7.  

As depicted in Figure 41, large systems should also incorporate: 

¶ an inlet pond (sediment basin) to capture coarse sediment and dissipate energy (see Section 3.5.3.4). 

Note that a sediment forebay is not sufficient for bioretention systems larger than 800 m2. 

¶ a high flow bypass from the inlet pond to the receiving drainage to bypass high flows around the 

bioretention system cells 

¶ a low flow connection from the inlet pond to the bioretention cells to convey design flows to the 

bioretention cells 

¶ flow distribution to spread water evenly across the surface of the bioretention system (see Section 

3.5.7) 

¶ construction and maintenance access between and around bioretention cells to provide for ease of 

maintenance (see Section 3.4.6) 
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Where dimensions outside these recommendations are used, designers should provide the local authority 

with details and justification of the proposed design and construction method. 

Note that where a bioretention system is described as being separated into ôcellsõ, this refers to two or 

more entirely separate sections of filter media fed by separate inlets. Partial separation of the media fed 

by a single inlet, as shown in Figure 42, is not appropriate. Such designs assist with constructability but do 

nothing to evenly distribute flows across the filter media surface. 

DESIGN NOTE: Cells greater than 800 m2 

When Version 1.2 of this guideline was released in 2014, most bioretention systems were constructed 

using excavators, hence the need for a maximum system width of 15 m. Since that time, the use of 

slingers to throw filter media into bioretention systems has become more common. Where slingers are 

used to construct bioretention systems, system widths greater than 15 m can be used. This in turn, allows 

filter media areas greater than 800 m2 to be designed and constructed successfully. Nonetheless, to 

mitigate the risks associated with very large bioretention systems, this guideline continues to 

recommend that the maximum size of bioretention cells be 800 m2. Designers wishing to implement 

cells larger than this should justify their designs against the performance outcome above and in Section 

3.5.7. 

 

Figure 41. Example layout of a large bioretention system. 
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Figure 42. Separation of bioretention filter media into cells 

 

3.4.4 Inlet and outlet locations 

PERFORMANCE OUTCOMES 

Inlet and outlet locations must: 

¶ allow inflows and outflows to be efficiently managed without damaging the bioretention system or 

surrounding areas 

¶ ensure hydraulic structure locations are sympathetic to landscape considerations. 

RECOMMENDED APPROACH 

When locating inlets and outlets, consider: 

¶ filter media area (large bioretention systems may require inlet ponds) 

¶ outlet structure type (overflow pit, side entry pit, weir or a combination of these) 

¶ underdrainage design (may dictate where and how many overflow pits are required) 

¶ landscape aesthetic of inlets and outlets (these structures can be obvious, and often dominant 

landscape features. Locating outlet pits out of direct or prominent view lines or planting shrubs 

adjacent to pits should be considered) 

¶ local authority requirements. 

Inflow and outflow structures should preferably be located close to each other (Figure 43 and Figure 44) 

to: 

¶ ensure high flows can reach the outlet without scouring vegetation or filter media 

¶ allow bioretention systems to be partitioned off and flows bypassed around the filter media while 

activities such as building and house construction take place within the catchment. This protects 

vegetation and the filter media surface, as discussed in the Guidelines for the Construction and 

Establishment of Bioretention Systems and Wetlands (Water by Design). 
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When locating inlet and outlet locations close to each other, care must be taken to ensure that 

blockages or accumulation of debris donõt result in water short-circuiting from the inlet to the outlet (see 

Figure 45). 

Inflow and outflow system design is discussed in Sections 3.5 and 3.6. 

 

Figure 43. Bioretention inflow and outflow locations. 
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Figure 44. Good example of an inlet and an outlet located close to each other. Photo credit: Andrew Cook. 

 

Figure 45. Poor example of an inlet and outlet located close to each other, where short-circuiting occurs. Photo 

credit: Brad Dalrymple. 

3.4.5 Edge and landscape interface (batters, embankments and walls) 

Designs should consider visual amenity and the safety of any transitions from a depressed bioretention 

system surface to the surrounding landform and landscape. Batter slopes, embankments, and walls have 

a significant influence on the overall footprint of bioretention systems, as well as the interaction with the 

adjoining landscape. This section includes important design considerations for the edges of bioretention 

systems. 

3.4.5.1 Surrounding landscape 

PERFORMANCE OUTCOMES 

The layout of bioretention systems must not negatively impact surrounding landscape features. 

RECOMMENDED APPROACH 

Features surrounding bioretention systems have an important role in defining the overall shape and edge 

design of the system. Existing features often need to be preserved and are therefore an important 




















































































































































































































































