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Bioretention systems were first constructed in Australia circa 2001.  Since this time, the science 
around the operation and design of bioretention systems and integration into the landscape has 
significantly improved.  However, due to the relatively recent technology and expense of ongoing 
monitoring, limited data exists to demonstrate that laboratory results and guidelines are consistent with 
what is being observed in the field, and confirm that we are applying the science correctly.  
 
This paper reviews monitoring results from a series of conventional bioretention systems constructed 
in 2006 (11+ years old) in a large car park at a commercial shopping centre at Noosaville, located on 
the Sunshine Coast in South East Queensland.  The systems contain a number of now well-
established trees (Melaleuca quinquenervia), which have been controversial inclusions due to their 
perceived risk of underdrainage root ingress. 
 
Results of the monitoring indicate that trees in the systems appear to have increased infiltration rates 
in the filter media over time, and that there has been no significant accumulation of contaminants in 
the filter media.  Furthermore, results indicate that tree root ingress to subsurface drainage pipes is not 
an issue.  This research supports the anticipated longevity of bioretention systems and shows that 
trees can be a valuable inclusion in bioretention systems, without compromising drainage over time. 

1. INTRODUCTION 

Bioretention systems contain vegetated filter media with the primary purpose of treating stormwater 
pollutants through sedimentation, filtration, adsorption and biological processes. The technology was 
introduced to Australia circa 2001 and since this time it has become a common treatment element in 
new and existing developments.  Trees in such systems can provide additional benefits such as 
shading, reduced weed growth and maintenance costs (through canopy shading and leaf litter), 
improved hydrological treatment (through high transpiration rates), increased habitat and increased 
amenity value.  The current Bioretention Technical Design Guidelines (Water By Design 2014) for 
South East Queensland (SEQ) recommend that bioretention basins with trees are constructed with a 
saturated zone to lower the risk of clogging underdrainage pipes, and there is a perception by many in 
the industry that planting trees should be avoided due to root ingress and blockage of pipes. 
Furthermore, Adoption Guidelines for Stormwater Biofiltration Systems published by the Cooperative 
Research Centre for Water Sensitive Cities (Payne et al 2015) does not recommend the use of 
underdrains when including trees in such systems.  
 
Due to the relatively recent technology and expense of ongoing monitoring, limited data exists to 
demonstrate that laboratory results and guidelines are consistent with what is being observed in the 
field. This paper shares results of monitoring data from a series of conventional bioretention systems 
constructed in 2006 (11+ years old) in a large car park at a commercial shopping centre at Noosaville, 
in SEQ.  The systems contain established native trees (Melaleuca quinquenervia), and results of 
hydraulic conductivity, tree root ingress and soil contamination monitoring are presented to share this 
data with the wider stormwater community and demonstrate the longevity of such systems in the field 
over time.  

2. SITE DESCRIPTION 

The Noosa Civic development site is located off Eenie Creek Road (via Eumundi-Noosa Road) at 
Noosaville, approximately 120 km north of Brisbane. 
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Noosa Civic is a master-planned commercial, business and retail centre.  Stage 1 opened on 12 
October 2006 and covers an area of approximately 25 ha. The site supports the following important 
aquatic habitats (URS 2006): 

• Ephemeral freshwater habitats (paperbark wetlands) over low lying southern areas of the site 
and protected natural drainage gullies.  The paperbark wetlands are known to support viable 
habitat for the Wallum Froglet (Crinia tinnula) listed as a vulnerable species under the Nature 
Conservation (Wildlife) Regulation 2006 (Qld) s16 

• Permanent freshwater aquatic habitat in the small dam on the western drainage line 
immediately downstream of OS5 

• Permanent tidal/ estuarine aquatic habitat in Eenie Creek to the south of the site.  Eenie Creek 
is a fisheries habitat area 

Bioretention systems and gross pollutant traps (GPTs) have been located throughout the site to aid in 
improving stormwater quality prior to leaving the site, protecting sensitive receiving environments. 
Drainage and stormwater treatment measures located on the development site are shown in Figure 1.  
Bioretention systems on site are conventional systems (with no saturated zone).  Table 1 provides a 
summary of the bioretention system characteristics, while Figure 2 presents recent photos of each 
system. 
 

 

Figure 1 Noosa Civic Stormwater Drainage and Treatment Measures 

Table 1 Noosa Civic Bioretention System Characteristics 

Bioretention 
System 

Sum of 
Filter 
Area 
(m2) 

Catchment 
Area (m2) 

Filter Area 
(% of 

catchment) 

Filter Depth Predominant Plant 
Species 

BR1A 318 9,600 3.3 Approximately 
0.9 m 

• Spiny-head mat-
rush Lomandra 
longifolia 

BR1B 

BR1C 394 11,900 3.3 
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Bioretention 
System 

Sum of 
Filter 
Area 
(m2) 

Catchment 
Area (m2) 

Filter Area 
(% of 

catchment) 

Filter Depth Predominant Plant 
Species 

BR1D • Tall sedge Carex 
appressa 

• Broad-leaved 
paperbark 
Melaleuca 
quinquenervia 

• Swamp banksia 
Banksia robur 

BR1E 452 13,700 3.3 

BR1F 

BR1G 

BR1H 

BR1/2A 151 5,700 2.6 

BR1/2B 

BR1/3A 

BR1/3B 

BROS5 64.4 1,770 3.6 

Source: Adapted from URS (2005) 

  

  

BR1A BR1B 

BR1C BR1D 
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Figure 2 Noosa Civic Bioretention Systems, 2018 

3. OBJECTIVES 

The objectives of this paper are to: 

• Demonstrate that trees, particularly Melaleuca quinquenervia, are valuable inclusions in 
bioretention systems. 

• Demonstrate that tree root ingress to underdrainage pipes does not cause any issues in 
bioretention systems, even with no saturated zone (as recommended by the Bioretention 
Technical Design Guidelines (WBD 2014) when including trees). 

• Demonstrate the longevity of bioretention filter media in the field (particularly from 
contamination and clogging), following over 11 years of operation in a commercial car park. 

4. METHOD 

4.1. Root Ingress 
To assess vegetation root ingress and potential blockage of underdrainage pipes, a SeeSnake® 
microReel camera inspection system was inserted into the underdrainage pipes of nine bioretention 
basins on 4 April 2018. Where available, results were compared with other available underdrainage 
pipe camera inspections at the same sites in 2012. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Equipment used for underdrainage inspection (left) and typical bioretention basin 
vegetation (right) 

BROS5 



Monitoring Hydraulic Conductivity and Soil Contamination in Bioretention Systems Ramilo 

Stormwater 2018 - Ramilo 6 of 12 

4.2 Hydraulic Conductivity 

In situ hydraulic conductivity testing of filter media in all 13 bioretention systems on site was 
undertaken in 2007, 2008, 2011 and 2018. 
 
Hydraulic conductivity was measured using a Guelph Permeameter as specified in the site’s 
stormwater management plan (URS 2006) until 2018, when the single ring infiltrometer under constant 
head method was used, as recommended by the FAWB (2008) guidelines. 

4.3 Soil Contamination 

Testing of filter media in five representative bioretention systems was undertaken in 2007, 2011 and 
2018.  Samples were tested for the following key contaminants in the top 400 mm of soil (using NATA 
accredited laboratories), as prescribed by the Noosa Civic Operations Stormwater Management Plan 
(URS 2006): 

• Heavy Metals (arsenic, cadmium, copper, chromium, mercury, nickel, lead, zinc) 

• Poly Aromatic Hydrocarbons (PAH), BTEX and Total Petroleum Hydrocarbons (TPH) 

• Organochlorine and Organophosphorus Pesticides  
 
Additional sampling in three bioretention systems was undertaken in April 2018.  Soil samples were 
taken from the top 20 mm of soil at the inlet of the bioretention systems, where the highest 
concentration of heavy metal contamination is expected to occur. 

5. RESULTS AND DISCUSSION 

5.1. Root Ingress 

Results for the investigation of root ingress in subsurface drainage pipes are summarised as follows: 

• Root ingress was noted in all systems to varying degrees.  In locations where ingress was 
observed, it was generally not significant enough to block the path of the camera.  In most 
instances, the camera was able to explore the full length of the underdrainage pipe. However in 
some instances poor pipe joins prevented full inspection. 

• Comparison of pipe camera results between 2012 and 2018 indicated a varying degree of change 
in underdrainage root ingress, however in general small increases to root ingress was noted in 
most systems. 

• Although the levels of root ingress varied in each system, it is noted that all systems were draining 
effectively after a minor rainfall event (8mm) prior to the investigation. Anecdotal evidence also 
indicates that prolonged ponding of the systems that was previously noted following establishment 
(with low hydraulic conductivity) is no longer an issue. This is also evident from no recent 
colonization of wetland plants such as Philydrum lanuginosum, which was noted when prolonged 
ponding was occurring.  

• Interestingly, the one system where roots did appear to block the underdrain (BR1/2B) had a 
configuration more like a saturated zone with no free draining outlet.  This may indicate that roots 
are more prone to seek out saturated zones than drained conventional systems.  If this is the 
case, current guidelines recommending saturated zones in systems with trees may need to be 
reviewed. Further investigation would need to be undertaken to confirm the impact of saturated 
zones on root ingress.  

 
The results presented indicate that root ingress from established trees in the Noosa Civic bioretention 
systems is minimal, and does not appear to be adversely affecting drainage of the systems.  
Furthermore, it is noted that findings by Darlymple (2012) also support the findings that tree roots have 
a minimal impact on underdrainage.  Dalrymple’s review of underdrainage systems with and without 
trees (2012) noted no significant root ingress within other systems with established trees (such as 
Hoyland St, 11 years old), and no visible difference between the amount of root ingress in systems 
with trees compared to systems without trees. 
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Root Ingress 2012 Root Ingress 2018 

  

  

  

  

BR1A BR1A 

BR1B BR1B 

BR1C BR1C 

BR1D BR1D 
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Figure 4 Pipe Camera Showing Root Ingress 2012 vs 2018 

5.2. Hydraulic Conductivity 

The Noosa Civic bioretention system’s design hydraulic conductivity and the hydraulic conductivity 
recommended by the FAWB (2009) guidelines are detailed in Table 2.  Results of the hydraulic 
conductivity testing are summarised in Table 3.   
 

Table 2  Noosa Civic Design Specification and FAWB Guideline  

Hydraulic Conductivity Reference Lower Limit (mm/hr) Upper Limit (mm/hr) 

Noosa Civic Bioretention Design Specification1 18 360 

FAWB Bioretention Guideline2 100 600 
  1 URS (2006) 
  2 FAWB (2009)  

 Table 3  Hydraulic Conductivity Test Results, 2007 - 2018 

Bioretention 
System 

 

Hydraulic Conductivity (mm/hr) 

February 2007 October 2008 October 2011 January 2018* 

BR1A 6 9 58 480 

BR1B 3 104 15 540 

BR1C 3 0.2 4 420 

BR1D 0.4 0.4 29 240 

BR1E 2 0.03 97 80 

BR1F 10 2916 29 590 

BR1G 0.1 43 50 450 

BR1H 220 1 18 170 

BR1/2A 58 3 76 660 

BR1/2B 396 540 14 590 

BR1/3A 169 155 54 2760 

BR1/3B 346 65 104 390 

BROS5 648 3 54 430 

  *Single ring infiltrometer under constant head method was used in 2018, all other events used the Guelph Permeameter 
Highlighting in Pink refers to exceedance of FAWB Upper Limit, highlighting in yellow refers to hydraulic conductivity less than 
FAWB lower limit  

BR1E BR1E 
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Results in Table 3 are highlighted in instances that they are not within the FAWB optimal range for 
hydraulic conductivity (refer to Table 2).  Note that the lower limit design hydraulic conductivity for the 
bioretention systems were initially much less than FAWB recommendations (18 mm/hr versus 100 
mm/hr respectively).  However, the filter media in most of the larger systems (BR1A to BR1H) still 
appeared to be below Noosa Civic design criteria of 18 mm /hr for the first 2 years of monitoring, and 
evidence of prolonged ponding in these systems was noted. 
 
Monitoring following 5 years of operation (2011) indicated that most of the larger systems (BR1A to 
BR1H) were within the Noosa Civic design criteria, but still less than FAWB guidelines. Monitoring 
after 11 years (2018) shows that hydraulic conductivity generally meets FAWB recommendations, 
however exceeds the Noosa Civic design range.  Anectodal evidence also supports increased 
hydraulic conductivity over time with no more prolonged ponding issues in the basins. The increase in 
hydraulic conductivity is attributed to growth of vegetation, particularly the melaleuca trees. An 
example of the growth between 2007 to 2018 is shown in Figure 5.   

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 5 Vegetation growth between 2007 and 2018 

The upper limit for FAWB of 600 mm/hr and the recommended upper limit of 300 mm/hr in SEQ 
guidelines is based on the likely difficulty in supporting plant growth at these drainage rates, and the 
high watering requirement during establishment.  As most of the systems at Noosa Civic with high 
drainage rates are demonstrated to have well established vegetation, exceedances are not considered 
an issue.  In instances where the hydraulic conductivity is unusually high, it may be that it was 
undertaken in a localised area of sand.  During initial issues with hydraulic conductivity on site, some 
holes were cored in the systems and backfilled with sand (February 2008) to help drain the systems. 
 
The following key limitations to the assessment of hydraulic conductivity should be noted: 

• A different method was used to assess hydraulic conductivity in 2018. 

• Only one location in each plot was sampled, recognising that large differences in hydraulic 
conductivity can be recorded due to spatial variation within a plot.  

5.3. Soil Contamination 

Soil heavy metal contamination test results for the Noosa Civic bioretention systems are summarised 
in Table 4. Results of the additional surface soil contamination testing for heavy metals (top 20 mm at 
bioretention inlet) are shaded in Table 4 for easy reference.   
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Table 4  Soil Heavy Metal Concentrations, 2007 - 2018 

Bioretention 
System 

Date 
Soil Heavy Metal Concentrations (mg/kg) 

As Cd Cu Cr Hg Ni Pb Zn 

Health Investigation Levels 1 3000 900 5000 500 75 3000 1500 35000 

Added Contaminant Limits or 
Ecological Investigation Levels1,2 

80  
45 -
200 

120 -
270 

 
250 -
350 

440 
45 – 
8004 

BROS5 

9 January 2007 < 4 < 0.4 <3 3.6 <1.0 1.1 2 2.5 

10 October 2011 < 5 <1 <5 5 <0.1 < 2 < 5 18 

8 January 2018 <5 <1 <5 2 <0.1 <2 <5 <5 

BR1/3A 

9 January 2007 < 4 < 0.4 <3 1.1 <1.0 <0.5 1 <0.4 

10 October 2011 < 5 <1 6 7 <0.1 2 < 5 48 

8 January 2018 <5 <1 <5 2 <0.1 <2 <5 16 

 

 

 

 

BR1/3B 

9 January 2007 < 4 < 0.4 <3 1.7 <1.0 0.5 1 0.9 

10 October 2011 < 5 <1 < 5 6 <0.1 2 < 5 34 

8 January 2018 <5 <1 <5 <2 <0.1 <2 <5 5 

4 April 2018 

 
<5 <1 56 38 <0.1 16 15 465 

BR1D 

9 January 2007 < 4 < 0.4 <3 2 <1.0 <0.5 2 0.6 

10 October 2011 < 5 <1 < 5 4 <0.1 < 2 < 5 9 

8 January 2018 <5 <1 <5 6 <0.1 2 <5 39 

4 April 2018 7 <1 32 53 <0.1 25 6 249 

BR1H 

9 January 2007 < 4 < 0.4 <3 3.8 <1.0 1 <1 1.6 

10 October 2011 < 5 <1 8 9 <0.1 3 5 51 

8 January 2018 <5 <1 8 11 <0.1 4 <5 63 

BR1A 4 April 2018 <5 <1 47 56 <0.1 27 8 263 

As - Arsenic Cd – Cadmium Cu – Copper Cr – Chromium Hg – Mercury  Ni – Nickel  
Pb – Lead   Zn – Zinc  
1NEPC 1999 (for commercial sites) 
2 Added Contaminant Limits (ACLs) are specified for all heavy metals (except Arsenic). The Ecological Investigation Level (EIL) 
for these metals is calculated by summing the ACL and ambient background concentration. 
3 ACLs and EILs apply to fresh contaminants (<2 years old).   
4 Aged ACLs (>2 years) for zinc are between 100 – 2000 mg/kg, to account for the natural process that occurs over time 
whereby the bioavailability of contaminants decreases due to binding to minerals, clays and organic carbon 
Results highlighted in bold are within the trigger range for ACLs or EILs  
Shading indicates surface (top 20mm) monitoring results (rather than top 400 mm). 

 
Results show that concentrations of soil heavy metals are below human health investigation levels (for 
commercial sites) in all instances.  As expected from similar studies (Al-Ameri et al 2018; Al-Ameri et 
al 2015; Hatt et al. 2008), sampling taken from the top 20mm of soil at the inlet of the bioretention 
systems showed higher concentrations of heavy metals than samples in the top 400mm of soil, 
however concentrations still remained below human health investigation levels. 
 
Added Contaminent Limits (ACLs) referred to in Table 4 are specified in guidelines (NEPC 1999) 
when the Ecological Investigation Level (EIL) is dependent on site specific background conentrations 
of the contaminent.  The EIL is therefore calculated by adding the background soil concentration to the 
ACL.  However site specific background concentrations of heavy metals at Noosa Civic were 
unknown, hence the appropriate EIL could not be calculated and concentrations of heavy metals are 
conservatively compared to ACLs instead. 



Monitoring Hydraulic Conductivity and Soil Contamination in Bioretention Systems Ramilo 

Stormwater 2018 - Ramilo 11 of 12 

Soil heavy metals concentrations were below ACLs or EILs at all sites when sampled in the top 
400mm (particularly when accounting for aged ACLs for zinc, that are between 100 – 2000 mg/kg).  
However sampling undertaken in the top 20mm of soil at bioretention inlets showed concentrations 
within ACLs for zinc at all sampling sites, as well as slightly elevated concentrations of copper within 
ACLs at two of the three sites sampled.  All other heavy metals remained below ACLs and EILs at all 
sites sampled on 4 April 2018.  Results show that of the heavy metals tested, zinc appears to have the 
highest concentration in bioretention soils that may be of concern, consistent with studies by Al-Ameri 
et al (2015) also showing elevated concentrations of zinc.   
 
As previously noted, while concentrations of zinc and copper were within ACLs, no information is 
available on the ambient background concentration of these metals in surrounding soils to determine 
the EIL.  Taking this into consideration, it is unlikely that slightly elevated concentrations of copper are 
within EILs.  While concentrations of zinc in the top 20 mm of soil are likely to be within lower levels of 
the EIL, they are below EILs in the lower soil profile (400mm) and are therefore likely to be contained 
in the system. Furthermore, the elevated surface concentrations do not appear to be affecting the 
health of bioretention vegetation, and are therefore not considered to be presenting a high risk to the 
primary design function of these systems, which is to treat stormwater pollutants to protect 
downstream environments. 
 
Results in Table 4 for concentrations of heavy metals in the top 400mm of bioretention soil matrix also 
showed no clear trend of significant increases over the 11 year monitoring period, consistent with 
findings of similar systems by Al-Ameri et al (2015 & 2018). Although there are increases in zinc in 
some systems (i.e. BR1D and BR1) there are also decreases in other systems (BROS5, BR1/3A, 
BR1/3B).  Al-Ameri et al (2015) notes that this may be attributed to plant uptake of heavy metals, 
particularly from Lomandra longifolia which has demonstrated some phytoremediation potential, 
particularly for lead and zinc (Chaudhry et al 1998). It is noted that Lomandra longifolia is also thriving 
in the bioretention systems at Noosa Civic. 
 
Furthermore, recorded concentrations of soil hydrocarbon fractions and soil BTEX were low, being 
below reporting limits at all sites in 2018. Concentrations of organochlorine and organophosphorus 
pesticides were also generally below detection limits.  
 

6. CONCLUSION 

Results of bioretention system monitoring at Noosa Civic between 2007 and 2018 presented in this 
paper indicate the following: 

• Increased hydraulic conductivity since construction, with reduced prolonged ponding issues 
observed over time  

• Trees (specifically Melaleuca quinquenervia) in bioretention systems do not cause significant root 
ingress and blockage of underdrainage pipes   

• Planting Melaleuca in bioretention systems may provide benefits for long term maintenance and 
possibly remediation of soil hydraulic conductivity. 

• No significant accumulation of contaminants including heavy metals, hydrocarbon fractions and 
BTEX in bioretention filter media following 11+ years of operation, supporting the longevity of 
these systems in the field.  
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