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The Glades, Byford 

• 15.3 ha residential development 

• Duplex soils, seasonally high 
groundwater that incorporates perched 
water into continuous saturated soil 
column. 

• Biofilters (raingarden and bioretention 
basin) completed in 2010 

• Gingin loam used as media, with 
underlying slotted sub-soil pipe. 

• Raingardens collect and treat surface 
runoff from impervious areas (BF1). 

• Raingardens and catchment drain into 
bioretention basin (BF4). 

  



The raingarden The bioretention basin 

• Size: 40 m x 4.5 m x 0.55 m 

• Storage volume: 24 m3 

• Catchment: 0.21 ha 

• Filter media: Red Gingin loam 

• Outlet: gully overflow + slotted sub-
surface 

• Size: 0.35 m deep, 1200 m2 surface area 

• Storage volume: 370 m3 

• Catchment: 8.7 ha, 27% impervious 

• Filter media: Red Gingin loam 

• Outlet: Spillway + slotted sub-surface 

 

 



• Monitoring inflows and outflows, during events 

• Water level sensors, CTD probes, cameras 

Water balance monitoring 



Nutrient monitoring 

• Grab sampling 

• Autosampling of some storms events, triggered by 
flows 

Bioretention basin event sampling 

Bioretention basin outflow sampling 

Raingarden outflow sampling 



Raingarden dosing trial 
150 min:  4.3 L/s 
45 min:  2 L/s 
45 min:  6.5 L/s 

60 m3 in total applied 
 
~10%  exfiltration to surrounding soils 
~45% evaporation and biological use 
~45% through media to outflow 
 
13 m3 required to generate outflow 
19 m3 required to wet up raingarden 
31 m3 required to generate surface  
    gully overflow. 
 



Water table dynamics 

Groundwater levels monitored in two 
      locations. 
 
Water table levels varied 0.3 – 0.8 m  
      over the year. 
 



Chemical hydrograph separation of storm 
events 

Using conductivity as a tracer of groundwater inflows. 
 
Large difference in groundwater contribution from early 
to late in season. 
 



Groundwater nutrient 
dynamics 

Both TN and TP increase with  
water table rise. 

 



Raingarden flood attenuation 

Event flow reduction in raingardens was excellent. 
Average across monitored storm events 89% 
Major events: ~30% volume retention 
 



Bioretention basin flood attenuation 

Event flow reduction in bioretention basin as designed. 
Peak flow reduction 60 - 80% 
Major events: No significant volume reduction 
 



Nutrient attenuation 

DEFINE PERFORMANCE  
 
• Do WSUD elements reduce nutrient concentrations to below ANZECC 

Guideline values?  
     “nutrient concentration reduction” 
 
• Do WSUD elements attenuate nutrient load (mass of nutrients)? By how 

much?  
    “nutrient load attenuation” 

 



Raingarden: nutrient concentration reduction 

Outflow TP, FRP and 
TN, NH4 almost always 
below ANZECC 
 
 
Outflow NOx and DON 
typically higher in 
outflow than inflow 
 
Strong decrease in TSS 
 
 
 
 
 
 



Bioretention basin: nutrient concentration 
reduction 

Outflow TP, FRP only slightly 
lower than inflow. 
 
Outflow TN, NOx and DON 
sometimes higher in outflow 
than inflow, especially toward 
end of season. 
 
Outflow TN, NOx and DON 
generally higher than outflow 
from raingarden 
 
 



Nutrient load attenuation - raingardens 



Nutrient load attenuation – bioretention basin 



TN load  
attenuation 

Raingarden 

Bioretention basin 



TP load  
attenuation 

Raingarden 

Bioretention basin 



NOx load  
attenuation 

Raingarden 

Bioretention basin 



The raingarden 

• The raingarden was very effective at 
attenuating stormflows. 

 
• The raingarden attenuated TP and TN 

concentrations to below ANZECC guidelines. 
Dissolved fractions were more variable with 
storms events 

 
• The raingarden attenuated TP and TN loads: up 

to 90% reduction in TP, 85% reduction in TN, 
NOx not being attenuated (probably due to 
unsaturated and oxic media). 

 
   
  
 



The bioretention basin 
 

• Strong seasonality related to the 
interception of the groundwater 
around August - contributed up to 
20% of the outflows. 

 

 
• Overall TN and TP nutrient load attenuation was reasonable, but 

30-40% lower than the raingarden.   

• DON concentrations were higher at the outflow than the inflow, 
and at times the basin was discharging significant loads of DON.  

 



N versus P attenuation 
 

• The raingarden attenuated P loads 
more consistently than N loads. 
 

 
 

 
   
• Both systems were well oxygenated and the filter media 

attenuated FRP loads.  
  
• While TN loads were on average attenuated, there was 

variability across the year with periods of poor attenuation 
of NOx-N 
– likely due to the oxic conditions that were maintained in the 

filter media. 
– maintained by the short travel times of subsurface drain 

inflows. 

 



Conclusions 
• Oxic conditions in media during the 

summer season.  
 

• Winter rains and higher groundwater 
may increase soil saturation, however 
the high soil permeability, rapid 
subsurface travel times (subsurface 
drainage) inject oxygen into the 
system.  
 
 

 
 

• Redox conditions have a profound impact on P and N 
attenuation 
– P is attenuated effectively under oxic conditons while N is not.  

 
• There will always be challenges to maintain the optimal redox 

conditions for N and P attenuation.   
 



Recommendations 

• Adopt a treatment train approach to provide 
a range of redox conditions for nutrient 
attenuation. 

  
• Design to maximize the travel time of 

subsurface flows  
– across the catchment,  
– through the filter media.  

 
 

 
• Smaller biofilters throughout the catchment 

– enhance infiltration,  
– increase subsurface travel times 
– increase the likelihood of nutrient attenuation.   

 
• Alternate surface and subsurface flowpaths across the 

catchment => range of redox conditions.  
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