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Overview of recent research activities 
1. CRCWSC Project C1.1 Sustainable Technologies  

(P1 of Cities as Water Supply Catchments)  
2. ARC Linkage: The role of vegetation in nitrogen 

removal in biofilters 
3. Monash PhD projects:  

• The effect of competition between plants on 
nutrient removal performance 

• Optimisation of phosphorus removal in 
stormwater biofiltration systems 

• Clogging of stormwater filtration systems 
4. Monitoring field systems in Australia, Singapore 

and Israel 
5. Learning from associated CRCWSC projects:  

• Project A4.1 Cities as Water Supply Catchments – 
Society and Institutions  

• Project Project A1: Economic Modelling and 
Analysis 

© CRC for Water Sensitive Cities 2012 



CRC C1.1: Sustainable Technologies 
The aim was to develop novel and refine existing stormwater 
harvesting technologies, building upon the proven concepts of 
Water Sensitive Urban Design.  
    
 
 
 
 



ARC Linkage: The role of vegetation  
in nitrogen removal in biofilters 
 
• The aim was to further our understanding of  

the role of plants in biofilters.    
 
 
 
 



Why Install Biofilters 
• They remove pollution, reduce peak flows and runoff volumes and 

could treat water for outdoor irrigation 
• They have a small footprint 
• They can be pretty 

 The amenity value of streetscape raingardens in Sydney increased property values by 
around 6% ($54,000 AUD) for houses within 50 m and 4% ($36,000 AUD) up to 100 m 
away, while raingardens at a street intersection can generate around $1.5 million 
increase in residential value.  
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Monash University biofilter – Challenge tests 

• To ensure effective nutrient removal 
– Use filter media with a low organic content 

• Biofilters can sustain effective TP removal 
 

 
 

 

Key findings: Filter media 



Key findings: Vegetation 
 
• Plant species selection is critical, particularly for 

nitrogen removal 
– Use mix of species: 50% of nutrient effective and 50% 

of other plants 
– The list of plants that effectively remove nutrients is 

now MUCH LONGER 
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During wet conditions –  
• All plant species perform relatively well – 

significantly more effect than non-veg 
• May be low nutrient media 
• Submerged zone reduces species variation 



Total Nitrogen (TN) Following drying –  
Poorer removal 
Greater variation between species 
Benefit of submerged zone clear 



Processes 

• Submerged zone is VERY important: 

 It provides 
passive watering 
of plants 
 

 It extends 
detention time  
 

Key findings: Submerged zone 



Key findings: Pathogen removal 
• Current, best-practice biofilter design can facilitate ~1 log 

reduction for bacterial indicators 
 

• Inclusion of plant species with extensive root systems and 
maintaining a steady submerged zone volume are important for 
faecal microorganism removal 

 
• Faecal microorganism 

removal is affected by  
extreme wet and dry  
periods 
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• Current, best-practice biofilter design can effectively remove 
hydrocarbons and pthalates (less effective for herbicides) 
– Meet irrigation standards for heavy metals 
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Micro-pollutant 
  

ADWG [µg/L] 
Mean inflow 

[µg/L] 

Outflow EMC [µg/L] 
Cell 1 Cell 2 

CT1 CT2 CT3 CT1 CT2 CT3 

Petrol and oils 
TPHs N/A 4300 <100 
Pyrene 150 9.7 <1 
Naphthalene 70 17.3 2.0 2.2 2.0 2.7 1.2 3.0 

Herbicides 

Glyphosate 1000 1600 99 116 187 29 106 70 
Atrazine 20 48.1 25 28 27 35 42 49 
Simazine 30 42.3 22 32 24 33 49 43 
Prometryn 20 46.0 11 14 15 20 29 32 

Plastic and 
polymer 
production 

DBP 35 42.2 <3 
DEHP 10 17.0 <5 
Chloroform 200 59.0 32 38 40 40 47 49 

Disinfectants 
PCP 10 27.1 0.7 6.0 4.3 2.1 18.7 11.1 
Phenol N/A 203.3 2.2 1.0 47.5 0.9 2.8 106.4 

Key findings: Micro-pollutant removal 



 
• Metals accumulation in filter media may not be a problem!  
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Cd (mg/kg) Cu (mg/kg) Pb (mg/kg) Zn (mg/kg) 

Level of Heavy Metals in Cremorne St. (Mel) biofilters in 2007 and 2014  

Key findings: Long-term sustainability 



 
• To avoid clogging: 

 Do not undersize them  
 Plants are the key for maintenance of infiltration rate 
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Key findings: Long-term sustainability 
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Kfar-Sava Biofilter

Monash carpark Biofilter



 
• Plant survival can be assured with a well-designed 

submerged zone   
 
• Poorly functioning biofilters are largely due to design and 

construction problems rather than poor maintenance  
 

• Maintenance is a must in the establishment period  
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Key findings: Long-term sustainability 



 
Results from the monitoring of Kfar Sava (Israel) biofilter 

What performance can we expect 
from a well designed biofilter? 



Monitoring of 
16 EMCs in Kfar Sava 
(Event Mean 
Concentrations) 



What performance can we expect 
from a well designed biofilter? 

– Over 95% of Total Suspended Solids, 
– Over 50% of Total Nitrogen (TN) 
– Over 65% of Total Phosphorous (TP), 
– Over 90% of heavy metals 
– Over 99% of hydrocarbons (never detected) 
– Over 1 log reduction of key pathogen 

indicators and pathogens 
 

Reductions in concentrations of ‘typical’ stormwater:  



 
If designed, constructed and 
maintained well stormwater 
biofilters will do a great job!  
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Biofilter Adoption 
Guidelines v2  
 
 
 



Revision of the biofilter guidelines 
• Collaborative process  

– Led by an industry advisory panel 
– Nation-wide input 
– Consultation with other industry participants on specific issues 

 
• Industry Advisory Panel members 

– Krish Seewraj and Antonietta Torre (Western Australian Department of 
Water) 

– Sam Phillips (Natural Resources Adelaide and Mt Lofty Ranges, South 
Australia Department of Environment, Water and Natural Resources) 

– David Beharrell (Hornsby Council) 
– David Carew and Justin Lewis (Melbourne Water) 
– Jay Jonasson (Ku-ring-gai Council) 
– Dale Browne (E2DesignLab) 
– Adrian Crocetti (Brisbane City Council) 
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Overview of revised biofilter guidelines 

• Chapter 1: Introduction 
• Chapter 2: The Business Case for Biofiltration 
• Chapter 3: Technical Considerations 
• Chapter 4: Practical Implementation 
• Appendices e.g. 

– Filter media guidelines 
– Practice notes 
– Checklists 
– Fact sheets 

© CRC for Water Sensitive Cities 2014 



What’s new in v2 of the Biofilter Adoption 
Guidelines? 
• Summary Report 

– Overview of key design, 
construction & maintenance 
considerations 

– Navigation to particular 
sections of main report 
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What’s new in v2 of the Biofilter Adoption 
Guidelines? 
• The business case for biofiltration 

– How to justify and endorse their adoption  
– Broad economic costs and benefits  

© CRC for Water Sensitive Cities 2014 



Multiple benefits & evidence 
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What’s new in v2 of the Biofilter Adoption 
Guidelines? 
• The business case for biofiltration 

– How to justify and endorse their adoption  
– Broad economic costs and benefits  

• Expanded guidance on plant selection 
– List of ‘effective’ plant species 
– Desirable plant traits for nutrient removal 

performance 
– Use of specific plant types e.g. trees, lawn 

species 
– Practical considerations for selection & planting 

© CRC for Water Sensitive Cities 2014 



Plant Selection 

© CRC for Water Sensitive Cities 2014 



What’s new in v2 of the Biofilter Adoption 
Guidelines? 
• The business case for biofiltration 

– How to justify and endorse their adoption  
– Broad economic costs and benefits  

• Expanded guidance on plant selection 
– List of ‘effective’ plant species 
– Desirable plant traits for nutrient removal 

performance 
– Use of specific plant types e.g. trees, lawn 

species 
– Practical considerations for selection & planting 

• Clearer communication of filter media 
requirements 
– Essential vs. recommended 

© CRC for Water Sensitive Cities 2014 
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≤5% to prevent leaching 



Recommended Filter Media Properties 
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What’s new in v2 of the Biofilter Adoption 
Guidelines? 
• Designing for stormwater harvesting 

– Removal of pathogens, organic micro-pollutants 
and heavy metals 

• Updated design configuration guidance, e.g. 
– Inclusion of a raised outlet 

 

© CRC for Water Sensitive Cities 



Raised outlet / Submerged zone 
 
 

• Unlined -> will be temporary 
– Appropriate in wet climates or heavy clay soils 
– Promotes exfiltration into surrounding soils –

hydrological & water quality benefits 
 

• Lined -> longer lasting 
– Use in areas where >3 weeks dry weather is 

common 
 

• Ideal depth is 450-500 mm 

Raised 
outlet 

SUBMERGED ZONE 
(Temporary -> Unlined  OR 
‘Permanent’ -> Lined) 



What’s new in v2 of the Biofilter Adoption 
Guidelines? 
• Designing for stormwater harvesting 

– Removal of pathogens, organic micro-pollutants 
and heavy metals 

• Updated design configuration guidance, e.g. 
– Inclusion of a raised outlet 

• Tips for aesthetics and community appreciation 
– Designing biofilters that look attractive 
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Landscape design 
- Work by Meredith Dobbie 
- Visit site 
- Design to suit neighbourhood character – fit 

the context 
- Consider  

- land use  
- architecture  
- nearby planting layout and species 

(including private gardens) 
- Use colour & texture 
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What’s new in v2 of the Biofilter Adoption 
Guidelines? 
• Designing for stormwater harvesting 

– Removal of pathogens, organic micro-pollutants 
and heavy metals 

• Updated design configuration guidance, e.g. 
– Inclusion of a raised outlet 

• Tips for aesthetics and community appreciation 
– Designing biofilters that look attractive 

• Designing for successful long-term operation 
and low maintenance 
– Planned vs. corrective maintenance 
– Delaying clogging 
– Practical considerations 
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What’s new in v2 of the Biofilter Adoption 
Guidelines? 
• Tips for addressing unique and/or challenging 

site conditions 
– Steep sites or shallow gradients 
– Designing for drought resilience 
– Limited space 
– Shallow groundwater 
– High sediment load 
– Saline environments 

• Illustration and summaries 
– How biofilters work, what components are 

important and why 
– Design process 
– Important construction checks 
– Key maintenance issues 

 © CRC for Water Sensitive Cities 2014 



Key components of biofilters and their 
functional roles 

© CRC for Water Sensitive Cities 



Essential Components 



Additional Components 



Key design decisions and tips 

© CRC for Water Sensitive Cities 



Risks, pitfalls and tips during 
construction 



Common issues 



Key construction checks 
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Depth of 
ponding 
zone 

Flat surface allowing flows to 
distribute widely across entire surface 

Sediment and flow control 
during construction activities 

in catchment 

Dense vegetation planting and 
careful establishment 
management 

Invert level 
of inlet 

Grade of surface draining into 
biofilter – must allow low flows to 
enter and only high flows bypass 
the system 



Inlet/s 
- Check for 
blockages & 
keep clear 

Collection pipe 

Pre-treatment 
zone 
(forebay, grass 
strip, pit) 
- Check for sediment 
accumulation & clear 
periodically 

Ponding zone 
- Check for significant 
sediment or litter  
accumulation, signs of 
clogging 
- Ensure design depth 
of ponding maintained 
to provide treatment 
capacity 

Vegetation 
- Check health of vegetation 
- Cause of widespread die-back or 

poor health must be investigated and 
rectified 

- Re-plant as required after fixing root 
cause 

- Look for bare unvegetated zones or 
sparsely vegetated areas 

- Look for weeds 

Underdrain (if 
present) 
- Check for 
blockages and 
keep clear 

Raised outlet 
and 
submerged 
zone  
- Check for 

blockages in 
pipe 

- Check level (if 
inspection pipe 
available) to see 
if drawdown 

- Top up level or 
provide irrigation 
to support plants 
through long dry 
periods 

Overflow 
- Check for blockage 
& keep clear 

Media surface 
- Check for significant 

sediment or litter  
accumulation, signs of 
clogging 

- Check for erosion/scour 
or preferential flow 
pathways 

- Remove litter 

Infiltration rate 
- Check for prolonged 
ponding after rainfall 
events – signs of 
clogging 
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Appendices 
• Fact Sheets 

– Why choose biofiltration? 
– How does stormwater biofiltration work? 
– Stormwater biofiltration – What are the ingredients for 

successful systems? 
– Biofilter design to meet objectives and adapt to local 

site conditions 
– Vegetation selection for stormwater biofilters 
– Stormwater biofilter monitoring and maintenance 
– Biofilter construction checks 

• Publications List 
• Stand-alone guidelines for: 

– Filter media in stormwater biofiltration systems 
– Enhancing pathogen removal using novel 

antimicrobial media 
– Enhancing aesthetics, community appreciation and 

acceptance 
– Monitoring using simulated rain events 
– Measuring filter media infiltration rates 

• Maintenance field sheet & checking tools 
 
 



Key References 
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Adoption Guidelines for Stormwater Biofilters 
(2015) 
Full document & Summary document 
http://watersensitivecities.org.au/new-publication-adoption-
guidelines-for-stormwater-biofiltration-systems/ 

Vegetation Guidelines for stormwater biofilters 
in the south-west of Western Australia (2014) 
Guidelines & Practice Note: 
http://www.newwaterways.org.au/files/files/381_Biofilter_vegetati
on_guidelines_for_southwestWA.pdf 

and 
http://www.newwaterways.org.au/files/files/382_Biofilter_vegetati
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