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ABSTRACT

An intensive experimental study has been undertdkeenviss™ and Monash University
(Australia) to develop a new range of modular sieater treatment systems. These systems,
which can be implemented in highly urbanized areadl be used to treat stormwater for (a)
discharge to downstream ecosystems or (b) stormvatgesting. The main objective was to
quantify their treatment performances for a widegeof pollutants typically found in urban
stormwater over an extended period of operatiore Hboratory study was based on an
intensive breakthrough experiment, to provide imfation on the lifespan of three different
enviss™ stormwater treatment systems. All of the systelnosved efficient removal of all the
pollutant tested for a lifespan ranging from twofiee years depending on the systems
considered. The enviss™ system is one of only adeaviable technologies which can treat
stormwater to a level that is acceptable for hdiwgspurposes and require easy and low
maintenance. It is also the only known system liagtundergone independent testing for this
purpose in Australia.
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INTRODUCTION

Urbanisation leads to significant changes in theume and quality of stormwater runoff
(Walshet al, 2004) Whilst the increase of urban stormwateregates changes in hydraulic
regimes which affect stream ecology, it also caassgnificant degradation of water quality
because of the pollutant carried by stormwater ffunsuch as nutrient and heavy
metals.Meanwhile, the increased runoff volumes geed by urbanisation remains an
abundant and untapped resource, often exceedingothewater demand of a city. Such
volumes could be harvested if treated to an adedeael. As such, stormwater harvesting
has been emerging, and brings with it multiple fiené-letcheret al.,2008).

A range of passive stormwater treatment systenss,excluding wetlands, biofilters and sand
filters. As it stands, however, these technologepiire significant space and are not always
able to deliver a consistently high standard efftudgischarge (Al-Anbaret al, 2008). Also,
there are only a few technologies available tottstarmwater to a level acceptable for
harvesting purposes; thus, advanced treatmentnsyséee required to underpin safe and
reliable stormwater discharge in receiving watetibs and for stormwater harvesting.

An intensive experimental study has been undertaketdevelop the enviss™ stormwater
treatment and harvesting technologies. These témfies are modular filtration systems
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which can be implemented in highly urbanised aréasir respective hydraulic conductivity

allows them to be seven times smaller than typieadled biofilters. To date, three enviss™
systems have been developed for specific usessyatems (WSUD LF and WSUD HF) are
suitable for treatment of stormwater to meet curregulations for discharge to downstream
waterways (e.g. (Victorian Government's Clause %6l0— DSE, 2006) and one system
(REUSE) is suitable specifically for harvesting kgagions.

This paper reports on the results of an intensreakihrough testing regime, which quantified
the treatment performance for the three enviss™esys (outflow concentrations and their
reductions) for typical stormwater pollutants.

METHODS

Experimental set-up

The laboratory study was based on an intensivektireaugh testing. The main aim of the
experiment was to provide information on the lif@spf three different envi8% stormwater
treatment systems (Table 1): REUSE, WSUD-LF and W$F. Each configuration was
designed for three likely use scenarios: (1) fde s@on-potable reuse — REUSE, (2) for
smaller catchment outlets, or at source treatnmttt,improved treatment capacity — WSUD-
LF, or (3) as a large end-of-pipe treatment witheay high flow rate — WSUD-HF. Three
replicates of each system were used to allow Isatistical comparisons (9 columns in total).
The WSUD-LF system presented in this paper sligdiffers from the one presented in
Schanget al. (2010) and Bratierest al. (2011) as its sediment trap design has been inegrov
by reducing the particle size of the media.

Table 1: Column configuration tested for envi¥s

Disinfectant

Column Type Design Flow rate Depth of media Ch End-use scenario
REUSE low (2000mm/hr) shallow (270mm) YES Treatnamd reuse
WSUD-LF low (2000mm/hr) deep (400mm) NO Stormwateatment
WSUD-HE high (8000mm/hr) deep (800mm) No  Stormwater treatment

End-of-pipe

niow(en) A small laboratory rig (Figure 1) was used for the

} i ! |
( i breakthrough testing. enviss™ systems typically
comprise the following components (see Scheingj,
2010; Bratiereset al, 2011): (1) a porous paver to
remove gross pollutants and coarse sediment, (2) a
o8 B M miow (v) - Sediment trap to protect the subsequent layers from

excessive clogging; (3) the filter media to remove

finer sediment and dissolved pollutant and (4) a
| drainage layer to prevent filter media migratiord an
[ | outlet clogging. The setup in these experiments was

? ; slightly different to what is normally seen in theld.
e e The water filtered by each sediment trap, contained
REUSE WSUD LF WSUD HF

. ) . . 100mm PVC column, was first stored in a tank and
Figure 1: Laboratory testing rig. X o . .
(tr?e arrows indicate )\/Nhere gam&éé‘e“ pumped into filter media packed within 28mm
were taken from) PVC tubes.
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All enviss™ sediment traps are 255mm deep and are made akthyiitration media to

ensure clogging is minimized. The components ofsgdiment traps differ between systems
and therefore 3 sediment traps and three tanks wge@ during the testing (Figure 1). This is
especially the case for the REUSE system wheresiaféctant (Cl) is part of the sediment
trap.

Prior to testing, the sediment traps were washgorausly to ensure that the filter media
would not be clogged/polluted by other sources thanncoming water. The filter media was
also washed prior to stormwater dosing.

Experimental procedure

Dosing/sampling regime with semi-synthetic stornewat

Semi-synthetic stormwater was applied to threensedi traps (Figure 1), with the effluent of
each subsequently flowing into the three large $aakd then fed into each column using a
peristaltic pump for 8 to 10 hours per day. The isgnthetic stormwater target
concentrations were based on large review conduzyeBuncan (1999) and on data from
both Tayloret al. (2005) and Makepeacet al. (1995). For more information about the
method of producing semi synthetic stormwater @eager to Schanet al. (2010).

The testing was conducted considering Melbourmaatk only. Using the envissDT software
(software provided with the envids product range used to help size the filter sys}eamsl
10 years of Melbourne rainfall data, the annualkad of stormwater which needed to be
applied to each column configuration were deterahifgeg. 92.4L for REUSE and WSUD-LF
and 369.5L for WSUD-HF). Overall, the REUSE, WSUB-land WSUD-HF envis¥
system were dosed with semi-synthetic stormwateresponding to 4yrs, 5 yrs and 2yrs of
simulated Melbourne rainfall, respectively.

Sampling procedures

Composite inflow samples were collected on a dbadgis before (i.e. raw stormwater) and
after being treated by the sediment trap. Outfléresn the columns were only sampled at
equivalent time periods: 0.5yr, 1 yr, 1.5 yr and @o until pollutants and/or hydraulic
breakthrough was observed or 5 years of operatioa Melbourne climate was reached.
Samples were then analyzed in NATA (National Asstian of Testing Australia) accredited
laboratories for a large range of pollutants ingigdsediment, nutrients (nitrogen and
phosphorus for both particulate and dissolved fyrniseavy metals (20 elements),
disinfectant (chlorine) and disinfection by-prod(€tiHalomethanes -. THMs, etc.). It should
be noted that: (1) only the total fraction of metalas analyzed, and (2) out of the array of
heavy metals which were analyzed, only those whiabe a significant impact on human
health and/or stream ecology were discussed in gher: Al, Cd, Cr, Cu, Ni, Pb, Zn
(Makepeaceet al, 1995). In addition, the hydraulic conductivity d¢iie systems was
monitored on a daily basis to understand the rhtdogging and to determine the interaction
(if any) between treatment performance and hydrandnductivity.

Data analysis

For each configuration, the overall pollutant treant performances were assessed by
calculating the median and the 95% confidence vataising the outflow concentration data
from the three replicates and all sampling evelitshe concentration of a pollutant was
below the detection limit of the instrument, thdueaused to calculate the median and the
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95% confidence interval was taken to equal halfdéection limit for that pollutant (and the
number of values above the detection limit was maet in superscript). In order to assess
the treatment performance of each configurationr otrme, the removal rates and
concentrations were also presented using box plots.

RESULTS AND DISCUSSIONS

General overview

The overall median inflow and outflow pollutant centrations, together with the median
removal efficiencies of the three enJi4ssystems are summarised in Table 2. All three
configurations were able to reduce TSS concentratlyy over 96% during their respective
lifespans. The analysis of the cumulative load cédn showed that all three systems met the
TSS load reduction target stipulated by the VietorGovernment (Clause 56.07-4 — DSE,
2006) (results not shown).

Table 2 Overall median [2.5%ile, 97.5%ile] concentratiorigollutant during the sampling

regime. Unless indicated, 24 values for Reuse-l6ry&ues for WUSD-LF2 and 12 values
for WSUD-HF were used on the calculations to regmes 4, 5 and 2 years of typical
operation respectively.

Inflow
d.l concentrations Outflow concentration [mg/L] [mm/hr] Removal ratéo]
[mg/L, mm/hr]
REUSE WSUD-LF WSUD-HF REUSE WSUD-LF WSUD-HF
TSS <05 110 1.15 0.75 1.15 99 >09.40%6 >09.1
: [82.1, 150] [0.4, 4.7] [0.3,1.5] [0.8,2.7] [96.4,99.7] [98.5,99.8] [97.8,99.2]
TP <0.01 0.37 0.19 0.1 0.15 48.7 75.6 59
: [0.33, 0.42] [0.17, 0.25] [0.07, 0.15] [0.12,0.17] [35.2,53.8] [58.3,81.6] [56.4,63.2]
™ <0.02 24 1.4 0.99 1.3 40.8 59 44.3
) [2.17,2.7] [1,1.6] [0.6, 1.4] [0.99, 1.47] [32.1,57.9] [41.7,73.9] [34.1, 58.6]
Al <0.01 0.73 0.35 0.12 0.13 69.3 80.3 80.9
' [0.34,1.4] [0.28,0.77] [0.08, 0.2] [0.09, 0.15] [10.5,82.1] [56, 88.5] [79.4, 87.4]
cd <0.0002 0.0038 0.00095 0.0011 0.0008 77.5 66.7 80.4
' [0.003, 0.005] = [0.0007, 0.0014] [0.0007,0.0018] [0.0006, 0.001] : [71.5,82.9] [51.4,81.4] [65.5, 82.6]
cr <0.001 0.014 0.002 0.002 0.0013 84.5 85.7 91.3
: [0.005,0.018] | [0.001,0.003]  [0.001,0.002] [0.001,0.002] & [77.2,90.4] [80, 92.3] [84, 96.8]
Cu <0.001 0.21 0.065 0.074 0.038 68.3 80.8 80.3
' [0.077,0.52] [0.039, 0.13] [0.056, 0.093] [0.026,0.046] | [18.2,79.3] [24,84.4] [79.2,81.5]
Ni <0.001 0.024 0.011 0.011 0.009 54.7 54.2 63.8
' [0.02, 0.028] [0.008, 0.013] [0.009, 0.016] [0.008, 0.012] [45,65.3] [33.3,60.5] [44.6, 64.5]
Pb <0.001 0.11 0.007 0.005 0.007 94.2 93.7 93
: [0.025, 0.13] [0.003,0.013]  [0.003,0.008]  [0.005,0.009] @ [83.4,97.7] [85,97.5] [92.5,94.1]
7n <0.001 0.26 0.1 0.09 0.082 64.1 63.1 70.7
’ [0.2,0.33] [0.08, 0.13] 0.07, 0.15] [0.053,0.099] : [52.2,75.2] [34.8,72.7] [53, 75.8]
Chlorine® | <0.2 [0.2"93.1]
b 0.037
THMs <0.001 [0.017, 0.053]
K 750 1305.8 3855.7
20 [501, 1816] [720.1,1727.1] [3641.5, 5741.4]

‘“— Non tested,® REUSE — chlorine was always undetected in the inflo®rihalomethanes (THMs) include
bromodichloromethane, bromoform, chloroform anddiibochloromethane - REUSE — Inflow was not analyse@HMs

The results show that nutrient concentration raedostvaried between the media types (Table
2) and over time (Figure 2). Detention time plagsimportant role in pollutant removal for
stormwater treatment (Hagt al, 2007). This holds true for the enViéssystem, where the
WSUD-LF, which has the longest detention timé&{mins), largely outperformed the other
two systems especially for TP and TN. Interestinghe REUSE system performances were
lower than the WSUD-HF, even though its contactetimmas higher 13mins against
~9mins). Bratiereset al. (2011) and this study revealed that the disinfactssed in the
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REUSE was limiting the reduction of the dissolvedction of phosphorus (results not
shown). However, given the suggested end-usesBE0IE filters, this side effect was of no
great concern.

For some pollutants, it appeared that no matter dbsign configuration, the system’s

performance reached the same outflow concentrafi@n a certain amount of time; this was
especially true for TN (around 1.5mg/L; Figure 2daheavy metals (Table 2 - Pb around
0.006mg/L, Ni around 0.01mg/L). This trend has beéserved in other systems such as
biofilters which can reduce nutrient concentratitma consistent ‘background concentration’
which depends on the properties of the soil mddet¢heret al, 2007).

TR Cones nlratos gL}
TH ¢ ooces it oo e .
un frig /LY

-
TH corean et
-] -
Y

0 ons 1 s : Iy ] 4% & 4% &K o ] 1 15
Hears of operatien Viedrk 01 Sparalion Wears of oEseration
Inflow REUSE Inflow WSUD-LF Inflow WSUD-HF
® REUSE outflow € WSUD-LF outflow € WSUD-HF outflow

Figure 2 TN inflow and outflow concentrations over the redpe testing period for the
REUSE (left), WSUD-LF (middle) and WSUD-HF (rightystem. The red dashed line
represents the 1.5mg/L TN concentration.

The heavy metal concentrations and removal ratesdsgreatly between metals. However, in
general, all systems showed efficient removal @vyanetals with a removal rate higher than
50%, and up to more than 93% for Pb.

Design improvement and compliance with guidelines

REUSE

All samples from the laboratory system met the fapenal risk’ targets stormwater
harvesting for a system with a design lifespanpta 20 years (NMMRC, 2009) (i.e. TP <
0.5mg/L. Fe < 10mg/L, TSS < 50mg/L).

016 All but a few samples met the Australian
Jon Drinking Water guideline (ADWG) values for
5 o human health protection (NHRMC & NRMMC,
g 2004). The analysis shows that the REUSE
£ oo 0.01mg/t media complied with those guidelines during at
T Tk PR I TEr s JUL least 1.5 years of operation. Figure 3 actually

o 05 1 15 2 25 3 35 4 45 shows that after 1.5yrs of operation, Pb
Years of operation concentrations occasionally exceeded the

Figure 3. Pb inflow and outflow guideline values, but usually only by a few
concentrations over the testing perigoercent). Considering that those guidelines are a
for the REUSE. The red dashed linet more stringent than really required for
represents the 0.01lmg/L threshold stormwater harvesting (i.e. irrigation, toilet
the ADWG. flushing, etc), the system performed extremely
well.
Due to the experimental set-up constraints, tlespian of the filter was not tested in respect
to microorganism treatment. This information canfdaend in Bratiérest al, (2011). This
current study did reveal, however, that the filtems still able to reduce the disinfectant
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concentrations (Cl) to a level which could meettladl applicable guideline values for human
health protection (Cl < 5mg/L; NHRMC & NRMMC, 2004)ithout producing any harmful
by-products at the same time (THMs<0.25mg/L; NHREIGIRMMC, 2004).

The laboratory studies have shown that the hydraanductivity of this system was initially
above 2000mm/hr, and steadily decreases as tHddathof sediment applied to the system
increases. When performing regular maintenance re@@acing the sediment traps and top
30mm of filter media), this hydraulic conductivitgn be maintained around 1000mm/hr for
the recommended 2 to 3 years lifespan of the media.

WSUD-LF

Figure 4 (right axes) shows the cumulative loaductidn for TSS, TN and TP for a
Melbourne climate and the 5 year simulated periodl dhe corresponding annual
concentrations (left axis). The cumulative sedimkrad reduction remained consistently
high, while the cumulative load reduction for thetrients decreased over the five years.
However, it is noted that for a total of three yedhe WSUD-LF system removed over 70%
of the total phosphorus load and 60% of the tatabgen load entering the system. Therefore
this system achieved the load reduction requirereenby the ARQ (Wong, 2006) for the 5
years simulated period, indicating that the fileedia could last 5 years without replacement
in a Melbourne climate. It is noted that this asayassumes there is no overflow from the
system, where as in reality overflows could be a@$ much as 10% of the total influent
volume.
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Figure 4 Annual outflow concentrations of the WSUD-LF syst@eft axis) and mean annual
cumulative load reduction (right axis) for TSS {JeTP (middle) and TN (right).

After 5 years of operation in a Melbourne climatee WSUD LF system complied with the
Stormwater Harvesting Guidelines for a system design lifespan of 20 years (i.e. TP <
0.5mg/L. Fe < 10mg/L, TSS < 50mg/L; NMMRC, 2009als0 consistently met the majority
of the ANZECC & ARMCANZ (2000) thresholds for reat®nal purposes. NHand Mn
were the only pollutants not meeting these guidslifor recreational purposes (respectively
exceeding the guideline threshold by 25% and 8%heftime during the 5 year period and
with maximum concentration 19 times and 1.1 timas trigger values of 0.01lmg/L and
0.1mg/L, respectively). On the other hand, the esystrarely complied with the same
guideline threshold for aquatic ecosystem protectfdl pollutant except As, Bo, Mn and Se
exceed the guideline values It is noted that alghomany of the pollutants from the enviss™
systems do not meet these freshwater quality goekelthese guidelines are for water quality
in the actual creeks, streams and rivers, anduds, & is difficult to directly compare these
with the outflow concentrations from the enviss™steyns. Indeed, the treated stormwater
will often be significantly diluted when enteringetse systems and depending on the scenario,
these guideline values may still be met using thess™ system for stormwater treatment.
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Even if the hydraulic conductivity of the WSUD-Lssem consistently decreased over time
(Figure 5) due to the load of sediment accumulatedas maintained to a satisfactory flow
rate of over half its design capacity (i.e. 1000imméas per envis¥ design) .
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Figure 5. Evolution of the mean hydraulic conductivity fetret WSUD-LF systems over the
testing period. Orange arrows and dot lines reptesganges of sediment trap, whilst black
arrows and dot lines represent replacement ofdpet 30mm of media within the columns.
The initial hydraulic conductivity is indicated ey green bar on the left hand side of the
graph.

WSUD HF

The WSUD-HF filters complied with the TSS and TRdoreduction targets of the ARQ
guidelines (Wong, 2006) for the entire 2 simulayedr period and would, in fact, continue
meeting this guideline into the future. On the othand, the system seemed to reach its
capacity to comply with the 45% TN load reductiemoval within 2 years (Figure 6).
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Figure 6 Annual outflow concentrations of the WSUD-HF sysig@eft axis) and mean annual
cumulative load reduction (right axis) for TSS {JeTP (middle) and TN (right).

The system was able to reduce most of the inflomcentrations to a level acceptable for
recreational purposes (ANZECC & ARMCANZ, 2000). &tithan NH3 and Al, all other
pollutants met the recreational water quality te&sgeSimilarly with WSUD-LF, aquatic
ecosystem protection and freshwater guidelines wete met for a range of pollutants,
probably because these targets are difficult totngeasidering that these are ‘in-stream’
targets and dilution effects are not considered.

The hydraulic conductivity results showed that system needed frequent maintenance to

maintain appropriate drainage rates through thenenl This showed the importance of the
pre-treatment method placed before the WSUD HFesysb avoid premature clogging.
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CONCLUSIONS

The final design of the three enVi¥ssystems have been tested for a wide range of
stormwater pollutants. Overall, all configuratioarformed really well regarding their specific
end-uses purposes. Combined with results from athaties (Bratiereet al, 2011), the
REUSE envisS system appeared to be unique and results indicatét will be able to treat
water to a level acceptable for non-potable reusigstvmaintaining an appropriate hydraulic
conductivity for 2 to possibly 3 years with adeguataintenance. The WSUD-LF enviés
system showed the most promising results for séfaeat release downstream, with an
extended lifespan of 5 years, whilst maintainingappropriate flow rate through the system.
Finally, whilst this laboratory study showed thepmntance of a pre-treatment method placed
before the WSUD HF envi8¥ system to avoid premature clogging, it also shothed the
system was performing appropriately for its end-arse for around 2 years of operation.

Overall the new envis¥ filtration systems offer multiple benefits overr@nt stormwater
treatment systems, such as great treatment penicesavhist keeping a small footprint and
are easy and cheap to maintain. It is also the d&niywn system that has undergone
independent testing for this purpose in Australia.
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