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2009 2015 Research 

Overview of recent research activities 

1. CRCWSC Project C1.1 Sustainable Technologies  

(P1 of Cities as Water Supply Catchment)  

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. Piloting stormwater biofilters in Israel 

5. 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 
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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.    
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Business Case for Installing Biofilters 

• They remove pollution and could treat water for outdoor irrigation 

• They have 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.  

 

 

 

Meredith Dobbie & Hamish Smilie 
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How biofilters work 

 

 

 

 

Stormwater Biofilters  
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The  Key Components of 

Stormwater Biofilters  

 

 

 

 

Essential Components 
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Essential Components 

200- 400 mm 

Essential Components 

200- 400 mm 
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Essential Components 

200- 400 mm 
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Essential Components 

200- 400 mm 

300- 600 mm 
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Essential Components 

200- 400 mm 

300- 600 mm 

100- 600 mm 

100- 150 mm 

© CRC for Water Sensitive Cities 

Essential Components 
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Some plants are better than others   

inflow 

(1) Vegetation 

Soils sustain should have:  

• high infiltration rate 

• low level of nutrients 

(2) Filter media - Soils 
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Additional Components 

Additional Components 
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Additional Components 

© CRC for Water Sensitive Cities 

Additional Components 
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Submerged Zone is important for 

passive watering of plants  and 

removal of pollutants 

(3) Submerged Zone 

Sizing  
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Meeting different objectives 

© CRC for Water Sensitive Cities 

Waterways Protection  
Nutrients 
 Plants are essential: select at least 50% of species for effective removal  
 Minimise nitrogen & phosphorus content in filter media to avoid leaching 
 Include a raised outlet and liner to create a submerged zone, particularly in dry 

climates 
 
Sediment 
 Protect biofilter from high sediment loads (e.g. during construction) using temporary 

or permanent measures (e.g. pre-treatment) 
 Size the system appropriately to avoid a shortened lifespan from clogging:  

Area = 2% of impervious catchment (Melbourne climate) or 4% (Brisbane).  
 
Heavy Metals 
 Organic matter binds metals, but high content compromises nutrient removal and 

infiltration 
 Iron removal optimal with a larger biofilter area (≥4%) and use of effective plants 

(Carax).  

Meeting different objectives 

Waterways Protection  
Pathogens  
 Use pathogen effective plant species (e.g. Leptospermum continentale, Melaleuca 

incana, Carex appressa). 
 Include a raised outlet and liner to create a submerged zone which provides 

prolonged retention for die-off and adsorption to occur. 
 Some drying is beneficial, but beyond 2 weeks drying performance is adversely 

affected. Top-up the level of the submerged zone during prolonged dry periods. 
 Successive inflow events (back-to-back) also lead to poor treatment. 
 Subject to further testing: consider use of a novel antimicrobial media (heat-treated 

copper-coated Zeolite) to enhance pathogen removal.  
 

Flow Management 
 Maximise biofilter treatment capacity via increased area, media depth or hydraulic 

conductivity of media (but within recommended range). 
 Promote infiltration if conditions are suitable (e.g. unlined, partially lined or 

bioinfiltration design). 
 Consider including a submerged zone to retain a proportion of runoff. 
 Maximise evapotranspiration loss by maximising the biofilter area and using a dense 

planting.  
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Meeting different objectives 

© CRC for Water Sensitive Cities 

Meeting different objectives 

© CRC for Water Sensitive Cities 
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Sizing the system 

© CRC for Water Sensitive Cities 

Systems must be designed  in an 
integrated way considering all 3 
factors! 

Infiltration  
Rate, Ks 

 
 
 

Ponding  
Depth 

 
Surface 

Area 

 Avoid under-sizing: System 
should be > 1% of its 
impervious surface catchment 
area as precaution to clogging! 

Key design decisions and tips to adapt to site 

conditions and performance requirements  

© CRC for Water Sensitive Cities 
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© CRC for Water Sensitive Cities 

Key design decisions and tips to adapt to site 

conditions and performance requirements  

© CRC for Water Sensitive Cities 
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© CRC for Water Sensitive Cities 
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© CRC for Water Sensitive Cities 
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Key design decisions and tips to adapt to site 

conditions and performance requirements  

© CRC for Water Sensitive Cities 

Media (Soil) 

Specifications  
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Characteristics of good media: 

1. Should have sufficient infiltration rate (hydraulic conductivity)  

• Ks = 100-600 mm/h 

 

2. Should not leach nutrients – have low nutrient content   

• Total Nitrogen (TN) < 1000 mg/kg 

• Available phosphate (Colwell) < 80 mg/kg  

 

3. Must support plant growth – should have some fines 

 

4. Must have stable structure – no dispersive clays  

 

5. Often has layered structure but NO geofabrics between the layers 

 

Incorrect media spec is the key cause for poorly functioning systems 

Media Layers: Table 3 

© CRC for Water Sensitive Cities 
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© CRC for Water Sensitive Cities 

Guidance for Filter Media Spec 

© CRC for Water Sensitive Cities 
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© CRC for Water Sensitive Cities 

© CRC for Water Sensitive Cities 

Essential Drainage Layer Spec 
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Questions? 

© CRC for Water Sensitive Cities 

Role and Selection of 

Plants and Submerged 

Zone 
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Roles of plants in water treatment 

• Nutrient uptake 

• Conversion into organic forms 

• Return via litter 

• Provide carbon to drive microbial activity 

• Oxygenate the rhizosphere 

• Slow and disperse flow 

• Stabilise the media 

• Evapotranspiration loss 

• Maintain infiltration 

 

 

uptake 

Microbial 
community 

Exudates 

O2 

Microbial 
community 

Exudates 

Additional benefits of biofilter vegetation 

• Aesthetics 

• Green spaces 

• Human health 

• Microclimate 

• Economic 

• Biodiversity 
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Role of the submerged zone 

• Support vegetation health & function during dry conditions 

• Enhance pollutant removal, particularly nitrogen 

• Longer retention of water  

• Greater performance consistency 

www.huffingtonpost 

Experiment 
• 245 biofilter columns 

• 22 plant species 

– Australian natives from 

two states (Vic & WA) 

– 2 lawn grasses 

• Non-vegetated controls 

• 2 Outlet designs  

– Free draining 

– Submerged + carbon 
150 mm 

100 mm gravel drainage 

200 mm sand transition 

300 mm loamy sand filter media 

200 mm perspex ponding zone 

Free draining 

 

http://www.huffingtonpost.com/jay-famiglietti/water-in-a-changing-climate_b_3582258.html
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Experiment 

• 245 biofilter columns 

• 22 plant species 

– Australian natives from 

two states (Vic & WA) 

– 2 lawn grasses 

• Non-vegetated controls 

• 2 Outlet designs  

– Free draining 

– Submerged + carbon 
150 mm 

100 mm gravel drainage 

200 mm sand transition 

300 mm loamy sand filter media 

200 mm perspex ponding zone 

Submerged zone 
+ C source 

 

Nov 2010 

58 
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May 2012 

Total Nitrogen (TN) 
N

o
n

-v
eg

et
at

ed
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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 
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After drying… 

Total Nitrogen (TN) Following drying –  
Poorer removal 
Greater variation between species 
Benefit of submerged zone clear 
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Where does the nitrogen go? 

Assimilation Denitrification 

vs 

NO3
- 

N2, N2O 

NO3
-, NH4

+ 

• Most nitrate is assimilated 
• Denitrification minimal at this stage 

Division of incoming nitrate  

(early biofilter life) 
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Total Phosphorus Effective removal in wet 
irrespective of design 
Reduced performance 
following drying 

Plant species 

selection for optimal 

nitrogen removal 
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Role of plants in wet vs. dry 

• Variation in performance between plant species 
minimal if inflows frequent and using low nutrient 
media  

• Wet conditions - plants with high biomass and 
extensive roots superior performers 

– high N uptake capacity 

• Drying reversal – low growth and biomass 
advantageous  

– may reflect lower evapotranspiration  

– species diversity or targeted planting 

• Consistently effective species distinguished by 
extensive root system 

• Submerged zone  

– mitigates drying effects  

– reduces species variation  

– treats pore water during inter-event period 

Submerged Zone 

• The presence of a “permanently” submerged zone >300 mm 
made from sand or gravel with a carbon source (around 
5% by volume) will: 

 

– Improve Cu and Zn removal (to meet ANZECC concentration 
targets) 

– Support plant survival during dry periods and therefore 

– Ensure TN removal after dry spells 

 

• Strongly recommended for all biofilters, but especially 
where 

– Low rainfall and/or extended dry periods are common 

– Systems are unavoidably shallow or over-sized 

 



16/07/2015 

35 

Submerged Zone Design 

• Located within the transition and drainage layers 

– Create using an upturned pipe 

• Unlined -> will be temporary 

– Appropriate in wet climates 

• Lined -> longer lasting 

– Use in areas where >3 weeks dry weather is common 

• Ideal depth is 450-500 mm 

• Carbon source should be low nutrient 

– e.g. sugar cane mulch, pine chips (without bark), hardwood 

chips (6-10 mm) 

 

© CRC for Water Sensitive Cities 

Submerged Zone – how long will it last? 

𝑡 =
𝑑 ×𝑝

𝐸𝑇
  t = drawdown time (days) 

  d = SZ depth (mm) 

  p = SZ porosity  

  ET = evapotranspiration (mm/day) 

   

So, for a biofilter with a SZ depth of 450 mm and a SZ  

porosity of 0.39… 

In January, Adelaide ET ~ 235 mm => 7.6 mm/day 

𝑡 =
450 ×0.39

7.6
 ~ 23 days 
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Plant Selection 

• Select species with extensive and fine roots, high growth, 

total plant mass and long stems/leaves                              

• Some species perform relatively well in both wet and dry 

(e.g. Carex spp., Juncus pallidus and Melaleuca incana), or 

consistently poorly (e.g. Hypocalymma, Austrodanthonia, 

Astartea, Hakea and Gahnia spp.) 

• Plant species with quite differing appearance can have 

similar performance and key morphological traits -> may 

provide long-term functional capacity 

 

 

Plant Selection 

• Similarity in broad plant type or general above-ground 

appearance is a poor guide e.g. Carex vs.Gahnia  
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Plant Selection 

• Species in same genus expected to have relatively similar 

performance 

• Compare species first to those of the same broad type 

e.g. grasses with extensive and fine roots relative to other 

grasses may perform well. 

 

 

 

Poa species (Medium) 

Austrodanthonia (Poor) Hypocalymma (Poor) 

Melaleuca incana (Effective) 

Native grasses Native trees 

Lawn grasses 

• Distinct morphology – suggests 

alternate mechanisms 

• Promising, but need to consider: 

– Clogging potential 

– Maintenance issues – mowing 

effectively harvests biomass and 

removes N but media 

consolidation potential 

– Evapotranspiration loss on large 

scale 

Velvetene Buffalo 
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Practical Considerations 

• Local context 

• Local climate 

• Stakeholder needs & expectations 

• Available budget - including maintenance 

• Natural vegetation 

• Weed issues 

• Public health & safety 

Practical Considerations 

• Plant a mixture of species  

– More consistent function across seasons 

– Allow “self-select” 

• Minimise surface layer drying  

– use species that provide surface cover/shade, divert other 

wastewater streams to provide baseflow, increase media water 

holding capacity (but maintain conductivity) 

• pH and salt tolerance 

• Root architecture 

• Avoid annual species 
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Trees 

• Anecdotal evidence suggests the most successful, least 

“needy” systems are those that contain trees 

• Pro: can shade and protect understorey species during 

extended dry periods 

• Con: can shade out or outcompete understorey species 

• Con: can have large and/or invasive root systems 

• Avoid dropping fruit, limbs, leaves 

• Not always appropriate 

– e.g. where it is necessary to maintain clear lines of sight 

Planting Density 

• A higher planting density can help to  

– Reduce erosion 

– Reduce weed encroachment 

– Trap floating debris 

• Plant at a density that will result in almost complete 

surface coverage within 1 year 

– Clumping sedges & rushes – 6-9 plants/m2 

– Spreading sedges & rushes – 4-6 plants/m2 

– Shrubs & trees (over sedges & rushes) – 1 plant/2 m2 (small 

shrubs) or 1 plant/5 m2 (larger trees) 

• Increased capital costs but lower maintenance costs 
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Planting Layout 

• Why do we need to think about this? 

Planting Layout 

• Why do we need to think about this? 
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Planting Layout 

• Range of conditions exist within a biofilter -> take advantage 

of these micro-environments 

– Plant species with favourable dry-climate characteristics (e.g. 

slower growth and low biomass) further from inlet / up batter 

slopes 

– Place species with advantageous wet-period traits (e.g. 

extensive and fine roots, high biomass) close to the inlet/ in 

depressions 

– If in doubt, choose a diversity of plant species 

• To create a landscaping feature 

 

Plant Installation 

• Best time to plant is June 

– Access to irrigation allows flexibility 

• Order plants at least 6 months before planting 

• Good quality stock increases likelihood of effective 

establishment 

• Tubestock most effective & cost-efficient 

– Direct seeding generally not viable 

– Larger specimens may be necessary if instant effect desired 

• Avoid mulch  

– Use high planting density instead 
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Plant Establishment 

• Regular monitoring & maintenance required for first 2 years 

– Monitoring can be a visual drive by 

– Irrigation increases establishment success 

– Protect vegetation from grazing, pedestrian & vehicle access, 

weeds, impacts of adjacent land-use 

• Minimise maintenance requirements with 

– Good design 

– Preventative maintenance 

Questions? 

© CRC for Water Sensitive Cities 
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Designing for Stormwater 
Harvesting 

Stormwater harvesting guidelines 

Guidelines for Water Recycling: Phase 2 

• Augmentation of drinking water supplies (2008) 

• Stormwater harvesting and reuse (2009) - 
http://www.ephc.gov.au/taxonomy/term/39 

• Managed aquifer recharge (2009) 

 
Augmentation of 
Drinking Water 

Suppliesa

Managed 
Aquifer 

Recharge b

Stormwater 
Harvesting and 

Reusec

Australian Guidelines for Water Recycling:
Managing Health and Environmental Risks (Phase 1)d

Australian Drinking Water Guidelinese

Australian and New Zealand 
Guidelines for Fresh and 
Marine Water Quality f

Guidelines for 
Groundwater Protection 

in Australiag

Australian Guidelines for 
Water Quality Monitoring 
and Reportingh

National Water Quality Management Strategy: Policies and Principles i

Australian Guidelines 
for Water Recycling

(Phase 2)

http://www.ephc.gov.au/taxonomy/term/39
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• Removal of pathogens 
 
• Removal of heavy metals 
 
• Removal of organic toxicants  

What is the target  
(additional to waterway protection)? 
 

Stormwater harvesting guidelines 

Use Required log 

reduction 

targets 

Recommended 

treatment or 

access control 

Log 

reduction 

achieved 

Any extra 

criteria to be 

tested? 

Restricted access 

irrigation (non food) 

(spray, drip, sub) 

V 1.3,  

P 0.8,  

B 1.3 

Restrict access 

during irrigation 

2 No 

Unrestricted 

access irrigation 

(non food) 

V 1.3,  

P 0.8,  

B 1.3 

Filtration and 

disinfection 

>2.5 Yes, turbidity < 

25NTU, E. coli 

<10/100mL 

Irrigation of food 

crops 

V 2.4,  

P 1.9,  

B 2.4 

Filtration and 

disinfection 

 

>2.5 Yes, turbidity < 

25NTU, E. coli 

<1/100mL 

Indoor/outdoor non 

potable 

V 2.4,  

P 1.9,  

B 2.4 

Filtration and 

disinfection 

>2.5 Yes, turbidity < 

25NTU, E. coli 

<1/100mL 

Recommended removal of pathogens 
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Science Behind Good  
Stormwater Harvesting Design 

Key Design Characteristics: 

Some plants are better than others   

(1) Vegetation 
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1 log reduction 

E. coli Removal 

Soils should include novel  antimicrobial 

media 

Key Design Characteristics:  

 

(2) Soils 
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ZCu400 
Zeolite coated by Copper and cooked at 
400oC 

• No obvious better removal but 
excellent inactivation 

• Cu leaching below long-term 
irrigation guideline 

95 

Novel Antimicrobial Zeolite Based Filter Median 

ZCuCuO180 

Zeolite coated by Copper and Copper 
Oxide cooked at 180oC 

• Good removal and inactivation  

• Cu leaching below drinking water 
guideline  

E. Coli Removal 

50 mm 
ZCuCuO180 

50 mm ZCu400 

50 mm raw zeolite 

100 mm ZCu400/ 
ZCuCuO180 

50 mm raw zeolite 

Large Column Study of Novel-Biofilters 

840 mm 
SZ outlet 

  

ID 240 mm 

  

300 mm sand 
mixed with carbon 

  

ID 240 mm 

  

Vegetation 
• Soil only 
• Leptospermum Continentale 
• Soft leaf buffalo 

• Leptospermum Continentale 

ZCu400 top /ZCuCuO180 middle ZCu400/ZCuCuO180 top 
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E. coli Removal   

Copper Removal or Leaching ?  

Lepto-Cu-Zeolite Sand-Cu-Zeolite 

• Cu is removed from 
stormwater by novel 
biofilters 
 

• Novel biofilters have similar 
Cu removal efficiently as  
the current  biofilters 



16/07/2015 

49 

Removal of Other Pollutants 

Removal of TSS, TN and TP is not 
significantly affected by 
incorporation of novel media in 
biofilters 

Sand 
 
Sand-Cu-Zeolite 
 
Lepto-Sand 
 
Letpo-Cu-Zeolite 
 

With Cu-zeolite and Planted sand 

Unplanted Sand Only 

Saturated Zone is important for 
passive watering of plants  and 
removal of pollutants 

Design Characteristics: (3) Submerged Zone 
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Within event (wet weather)    

processes 

•Attachment / straining 

•Detachment 

Between event (dry weather) 

Processes 

•Die-off 

 

With SZ Outflow 

•Old water/New water 

 

Processes 

Summary: processes that impact 
microbial removal 

Summary: Effects of Operations on 
Different Pathogenic Indicators 

WET: Antecedent Dry < 2 weeks DRY: Antecedent Dry > 2 weeks 
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Proposed Design for 

Stormwater Harvesting  

Biofilters for stormwater harvesting 

>700 mm 

Plants: L. continentale,  

            M. incana 
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Biofilters for stormwater harvesting 

Plants: L. continentale,  

            M. incana 

Cu-treated zeolite layer = 100 mm 

>700 mm 

Aims and Objectives 

 The system can produce water of the required quality 
 The water quality objectives are being continuously met 
 Applicable to a wide range of SW systems and sizes 

 

(1) Pre-Validation 

 

 

(2) Validation Monitoring 

 

 

 

(2) Operational Monitoring 

One more thing,... 

Validation for non-potable end use may be required  
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Summary 

 

• Selection of vegetation species with an extensive root 

system (such as L. continentale, M. incana) and 

maintaining a steady SZ volume are important for faecal 

microorganism removal in current stormwater biofilters. 

 

• Faecal microbial removal performance in current 

stormwater biofilters is reduced following both extremely 

short and extended dry weather periods 

 

Design deep submerged zone! 

Summary 

 

• Inclusion of novel Cu-Zeolites can increase pathogen removal >2 log 

reduction of common indicator microorganisms without compromising 

the removal of other pollutants (e.g. TSS, TN, TP and Cu). 

 

• This novel biofilters are capable of reducing reference pathogen 

concentrations, with particularly high removal  of protozoa (> 3 log) 

and greater than 1 log reduction of reference bacterial and viruses 

 

• Performance of the novel biofilters is less affected by intermittent 

drying/wetting conditions and the size of storm events, but may be 

reduced during cold temperatures. 

Needs further testing! 
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Treatment  

Performance 

Monitoring in field conditions 

• Monash Car Park, Melbourne – Rainfall events and 
challenge tests 

 
• Biofilter at Royal Melbourne Golf Club (old residential 

land-use), Melbourne – Rainfall events  
 
• Kfar Sava, Israel – Rainfall events 

Kengroo wetland 
Royal Melb Golf Club 
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Flow Reductions 

Monash University biofilter – rainfall events 

Peak flow reduced 

Runoff volume reduced 

Delivery time increased 

Common pollutants: TSS, TN and TP 

Monash University biofilter – Challenge tests 
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Pathogen Removal 

Event Mean Concentrations Micro-pollutant 
  

ADWG    

[µg/L] 

Mean 

inflow  

[µg/L] 

Outflow EMC [µg/L] 

Cell 1 Cell 2 

Test

1 

Test 

2 

Test 

3 

Test 

1 

Test 

2 
Test 3 

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 

Micopollutant Removal 

Monash University biofilter – Challenge tests 
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Kfar-Sava (Israel) biofilter for 

groundwater recharging 

Principle of operation 

M 
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Cross-section of Kfar Sava Biofilter Biofilter filter media setup

SAZ =700 mm

Loamy sand

Saturated zone (SAZ)

layer + *Carbon source

Transition layer

Drainage layer 200mm of fine gravel 5 - 10 mm

400mm of Loamy sand
(71% 0.15-0.25mm, 14% 0.25-0.84mm, 12%

0.05-0.15mm, 3% <0.05)

400mm of medium sand* 0.4 - 0.6 mm

100mm of River sand 0.8 - 2.5 mmTransition layer

100mm of medium sand 0.4 - 0.6 mm

50% Australians (Carex.app, Godinya, Malaluca). 
50% Local species (Carex, Malaluca, Vetiver etc.)

Submerged  

zone=700 mm 

Plants of Kfar Sava Biofilter 

Melaleuca green doom  Melaleuca ericifolia Juncus effuses ‘spiralis’    Zantedescia ethiopica

Carex appressa Carex glauca Goodenia ovata Melaleuca linariifolia

Vetiver Agapantos Tulbergia Louisiana irises
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Monitoring of 
16 EMCs 
(Event Mean 

Concentrations) 
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Drinking water desired values

Unlimited irrigation avarage values

Stream discharge

Heavy Metals: Inflow 

Heavy Metals: Outflow 

Al Fe Pb Hg Zn Mn 
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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 some pathogens 

 

Reductions in concentrations of ‘typical’ stormwater:  

Questions? 
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Long-term Operation 

 

 

 

Key Issues 

• Extensive research undertaken on biofilter performance 

 BUT 

• Monitoring largely restricted to short-term studies on new(ish) 

systems 

 

• Remaining questions regarding long-term operation 

– Clogging 

– Plant uptake capacity 

– Accumulation of toxicants 
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Clogging 

• Blocking of pore spaces in filter media with fine sediment 

carried in with stormwater 

• 43% of tested systems were below guidelines for hydraulic 

conductivity (<50 mm/hr) 

– Survey of 40 systems conducted in 2007 

• Why is it a problem? 

– ↑ untreated overflows 

– Impacts on plant health/survival 

 

Clogging 

• Possible causes: 

– Inappropriate filter media 

– Inadequate sediment control (i.e. clogging) 

• Solutions: 

– Plants 

– Alternate inundation & drying 

– Better design? 
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Clogging 

• Alternative filter media arrangement 

• After the equivalent of 18 months operation, outflow from 

systems with a protective layer up to 2x higher 

© CRC for Water Sensitive Cities 

Relative importance of nitrogen removal 

pathways 

• Plant assimilation responsible for 89-99% of nitrate uptake (0-

8% denitrified) 
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How effective are plants in the long 

term? 

• Will  assimilation remain a major nutrient removal pathway 

across the entire biofilter lifespan? 

• Will biofilters reach a point of zero net nutrient retention? 

• Does pruning affect nutrient removal? 

 

Performance may decline 

following pruning 

-> depends on plant species 

Accumulation of heavy metals – a cause 

for concern? 

• 2 surveys of 66 field-scale biofilters at 8 sites across 

Melbourne 

– Survey 1: 2006/7 

– Survey 2: 2014 

• Variable 

– Age: 0.5 – 11 years 

– Biofilter size/Catchment area: 0.1 – 29% 

– Land-use: residential, commercial, industrial 

– Urban density: low, medium, high 

– Development: retrofit, renewal 
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Accumulation of heavy metals – a cause 

for concern? 

© CRC for Water Sensitive Cities 

Highlights of the research findings 
 

• Metals accumulation in filter media may not be a problem!  

 

© CRC for Water Sensitive Cities 2014 

Cd (mg/kg) Cu (mg/kg) Pb (mg/kg) Zn (mg/kg) 

Level of Heavy Metals in Cremorne St. biofilters in 2007 and 2014  
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Questions? 

© CRC for Water Sensitive Cities 

Monitoring & 

Evaluation 
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Why Monitor? 

• Demonstrate compliance with legislative requirements or 

recommended performance targets 

– e.g. “to determine the nitrogen load reduction performance of a 

biofilter” 

• Assess overall and/or long-term performance 

• Collect data for model development 

• Understand detailed processes 

• Improving future design & implementation 

Types of Monitoring 

• Qualitative 

• Quantitative 

– Flow 

– Water Quality 
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Qualitative Monitoring 

Parameter Indicator of Possible Cause(s) 

Plant health Too much water Undersizing 
Water logging 

Too little water Oversizing 
Inlet/outlet level wrong 

Poor flow control High inflow velocities 
Inadequate high flow bypass 

Filter media – 
Evenness of surface 

Poor flow control 
(erosion) 

High inflow velocities 
Inadequate high flow bypass 

Compaction (tyre 
marks, trail, plant loss) 

Vehicle/pedestrian damage 

Sediment build-up Clogging High sediment loads 
Undersizing 
Inadequate pre-treatment 

Qualitative Monitoring 

• What to look for: 
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Questions? 

© CRC for Water Sensitive Cities 


