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% IMPORTANT!

e This guide has been written for MUSIC v3.1 and should be used to provide appropriate
modelling of biofiltration systems in MUSIC v3.1.

Users should refer to the User Guide for guidance on how to model biofiltration systems
(referred to as bioretention systems) in MUSIC v4. MUSIC v4 (and later versions) uses the
results from FAWB's research to take into account the design and operational factors
which influence biofiltration treatment performance (e.g. filter media type and depth,
presence and type of vegetation, presence and type of underdrain, presence of lining,
etc.). In MUSIC v4, the user can readily model model a range of biofiltration systems,
including designs with a saturated zone or a system without an underdrain (i.e., a
vegetated infiltration system).

Users should refer to the MUSIC User Manual for general guidance on how to model stormwater
treatment systems with the MUSIC model. In particular, Chapter 3 gives step-by-step instructions on
how to model treatment systems, including biofiltration systems. However, this Appendix
demonstrates how MUSIC can be used to evaluate the performance of biofilters with regards to:

1. Pollutant loads

2. Pollutant concentrations
3. Flow rates

4. Runoff frequency

Before using MUSIC to model proposed biofilter designers, the objectives need to be clearly defined,
because the objectives will define which of these four performance measures are of primary
interest.

It is, however, important to note that version 3.0 of MUSIC does not account for the presence of a
submerged zone at the base of the biofilter.

Basic modelling process
The basic parameters of the biofiltration system should be entered using the MUSIC “Bioretention”
node dialogue box:

x
Location IBio-Hatenlion ) )
= — Ponding depth (typically 0.1-0.3m)
Low Flow By-Pass [cubic metres per sec) 0.000 .
High Flow By-pass [cubic metres per sec] 100.000 Area of ponded area (will be larger than
[ —— —/// filter if ponding area has sloped sides)
Extended Detention Depth [metres) 1.00 »
Surface Area (square metres) 00 A | Infiltration rate of underlying soils (O if fully lined)
Seepage Laoss [mmdhr] 000 4| Area of filter
—Iriiltration Propertie: /
=
Pl e 5a.2 et o o . — Depth of filter media (excluding drainage layer)
Filter Depth [metres] 1.0 <+ p 9 g y
Filker Median Particle Diameter [mm) 5.00 < For Ioamy sand, 0.45 mm is typical
Saturated Hydraulic Conductivity [mm/hr] 100.00 4—_\

Depth below underdrain pipe (% of Fier Depth) 100 o | It is recommended to use a value 50% of

Dutiet Propertis S the design value (ie. safety coefficient of 2)
Dhverflow Wi Width [0 d \ . . )
’7 Rl ) This allows a “buffer store” in the base of the
Fues. | Noes. | Moe | system, to promote infiltration. NOTE: It does not
account for a saturated zone.
x Lancel | =k Back | & Firich I

Length of system if overflow occurs (e.g.
perimeter of overflow pit)
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It is important that the model accurately represents the system as it is proposed to be built. For
example, the seepage rate should be ideally based on a test of the hydraulic conductivity of the
underlying soils, or at least on a conservative estimate.

Evaluating pollutant loads

Evaluating the pollutant load reduction performance of a biofilter is easy in MUSIC, by simply right-
clicking on the biofiltration node and choosing Statistics — Mean Annual Loads. In the case where
the performance of several biofilters (either in parallel or in series) within a catchment is being
evaluated, use Statistics — Treatment Train Effectiveness.

inix
= Fle Edit Cetchment Tooks Window Help =
Source Trealment .| other . -
“ » ‘ w Qg \ Nodes Nodes Nodes || ” & | & ” x |
Roof are " -
Treatment Train Effectiveness [x]
Y Suce Reidue Lood % Rduct
Flow (ML) 291 283 2h
Il Outfloy % Reductior
Total Suspended Solids (kadw) | [45.1E3 10.6E3 761
Flow (ML) 0109 79.EE-3 27.0
. 102 537 473
st ion ?vﬂem Total Suspended Solids (ka/w) | [22.2 0055 &2 Tetal Phosphons (k)
Total Phosphorus (ka/v] 4G.0E3 G22ET I—EE G Tatal Mitrogen (kg 7E1 581 236
Tatal Nirogen (kg/yr) [EE] 0110 5.3 Gross Pollutants (kadyw) 12.8E3 0.00 1000
Gross Pollutants (ka/vr) 393 0.00 100.0
=l
sl
& A G ‘ i

Evaluating pollutant concentrations and flow rates

To evaluate the performance of pollutant concentrations, use Statistics and then choose from the
desired statistic (eg. Daily Maximum, Flow Weighted Mean, All Data, etc). The approach for
evaluating flow rates is exactly the same as for concentrations except that it is the flow rather than
TSS, TP or TN that is selected, for which the statistics are to be presented.

All Data Statistics [ =]
{+ Flow [cubic metres/sec)
{~ T55 Concentration [mgdL] Inflov [ Outflows
3 3 mean 9.15E-3 8.96E-3
¢~ Log[TS5] [ma/L
FIDWEIQ_hted DElI|y Mean e s standard deviation 45.1E-3 3.3E-3
Daily Maxima ¢ TP Coneentration (mg/L) median L 0
Daily Sample ¢ Log[TF] (mg/L) maximum 2.3 0.528
TinimLn 29.8E-6 n.oo
All Data {~ TM Concentration [mg/L)
= = dSub-s | 10 percentile 51.68E-6 0.00
i StEEEE S EI e € Log[TN] [mg/L] 90 percentile 323E-6 251E-3
Mean Annual Loads TS5 Load (kg/6 Minutes)
Treatment Train Effectiveness ... ¢ TP Load (kg/ Minutes) @I
¢~ TH Load (kg6 Minutes]
{~ Gross Pollutant Load (kg6 Minutes]

See Chapter 4 of the MUSIC manual for further guidance, including information on excluding zero-
flow periods from the statistics (so that the mean value is not “distorted” by many timesteps with
zero flow and thus zero concentration.

The Cumulative Frequency Graph can also be used to investigate the probability of exceeding a given
pollutant concentration or flow rate (again, this would normally be done for non-zero flows, by using
the Flow-Based Sub-Sample Bounds on the context-sensitive menu of the treatment node:
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EE Cumulative Frequency Graph - Flow-Based Sub-Sample [H[=] E3
EEEY R

Select Flow Thresholds 100 -

¥ Lower Flaw Threshold | 0.000 [cubic metres/sec) 80
™ Upper Flow Thieshold [cubic metres/sec] 80
FLE

Curnulative frequency distribution of all flow data

for guiding your selection of flow thresholds. B0 ---1p

50
40

=1
=)

o
S 4

30

Cumulative Frequency (%)

(S
o o

Cumulative Frequency (%)

0o 1.0 20 0
Flowe (cubic metres per second)

W 0K I X Cancel | Apply I

T T T T
800 100.0 1200 1400
Concentration (mod)

| —— Concertration In -~ —— Concentration Out '

|Lett click and drag to zoom the graph - right click and dreg to scroll. S

Evaluating runoff frequency
Evaluation of the runoff frequency objective with MUSIC v3.0 requires the export of data into Excel
for subsequent analysis.
There are two basic components to the modelling:
1. Determining the pre-development runoff frequency; and
2. Modelling the post-development runoff frequency.

The modelling must be done using a 6 minute timestep. The model results are then exported (at
daily timestep) to Excel, to calculate the daily runoff frequency.

Modelling the pre-development runoff frequency
Step 1. Select or create the appropriate climate template

- Select a 6 minute timestep climate template for one or more years (model should either
use a single year which has been assessed as being representative of long-term climatic
characteristics, or a representative five year period):

open 21|
Laak jn: I = Template j 4= £ BE-
Datwin 1990 Haurly. mlb Melbourne 1959 Haurly . rilb Sy
Habart 1993 & Hourly,mib Perth 1990 6 Haurly.mib
Habart 1993 & Minute.mib Perth 1990 6 Minute.mlb
Hobark 1993 Hautly. mib Perth 1990 Hourly .mlb

Melbourne 1952 & Hourly. mib Sydney 1959 6 Hourly, mlb
Melbaurne 1959 & Minute.mib Sydriey 1959 6 Minute.mib

4 Type: MLE File |
Date Modified: 20/05/2005 3:01 AM
[

EI;

File name; |E Size: 637 KB

Cancel

i

Files of type: IMeteoroIogicaI Template Files

Step 2. Create a pre-development source node

- Create any type of source node (it could be urban, forested or agriculture — since we are
only trying to model runoff, and not water quality). The node should have:
1. Appropriate rainfall-runoff properties for the location (default properties for
Melbourne are given in Appendix | of the MUSIC manual)
2. A Daily Drainage Rate of 0 (since we wish to calculate the days of surface flows, and
do not want MUSIC to add in baseflows) and a Daily Deep Seepage rate of 5%
(highlighted):
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Wizard - Page 1 of 5 ll Properties of Pre-development - Page 2 of 5 ﬂ

i~ Rainfall-Runoff P.

Laocation IF’le-deve\upmend

" "\mpelwnus Area Propertie:
e
Rainfall Threshold (mm/day] 1.00 ‘
Total Area (ha) 1.000
Pervious Area Propertie:
Soil Storage Capacity [mm) 30
Initial Starage (% of Capacity] 30
Field Capacity [mmm) 20
Infiltration Capacity Coefficient - a 200.0
Infiltration Capacity Exponent - b 1.00
— —Groundwater Propertie:

Initial D epth [mm] 10
Daily Recharge Rate (%) 25.00
Daily Baseflow Fate [%] 0.00
Daily Deep Seepage Rate [%] 5.00

Impervious 0 %

Fluses... | Notes... |
XK Cancel | < Back ”WI X Cancel |<}=Eack Hext =

Step 3. Run model and export results

- Run the model.
- Export the results at daily timestep, selecting only flow, and choosing the “Tab
delimited” format:

== MUSIC - Model for Urban Stormwater Improvement Conceptualisation - [Example =10/ x
=t File Edit Catchment Tools Window Help =T X
I | Source » | Treatment Other .
H 4 |‘ “ R El El '\4 Modes Modes Nodes |‘ H B | B ” X | [
~Time Step
Edit Properties CtrHE & Dail  Hourly
Pre-devel  Delete Chrl+Del 12 Houly £ 30 Minute
Select all Chrl+a 7 &Hourly 12 Minute
SellzE e © 3Hout £ 6 Minute
Inif Dutfl
Flzw-Eas;d Sub-Sample Bounds ... , % Flow % Flow
Observed Data I [msa) I mss)
Time-Series Graphs = [T I~ [TF]
Statistics 3 Ll rm
Cumulative Frequency Graphs 3 I= S5 lioad I 755 Load
| TP Load I~ TP Load
I/ T Load I~ TN Load
™ Gros Folltart Load I~ Gross Pollutart Load
rFomast—————————
" Space delimited
 Tadenicd
£ Camma delimied 3 Cancel |

Step 5. Import and analyse results

- Open the export file in Notepad (just double click on the created text file):

io(x]
File Edit Format Yiew Help

Date Outflow cu.m sec =
1-01.-1959 0.00000000
2-01-1959 0.0oo000oo00
3-01-1959 0.00o00o000
4-01-1959 0.00o00o000
5-01-1959 0.00000000
6011959 0.00o00o000
7-01-1959 0.00o00o000
8011959 0.00000000

- Select All and Copy
- Open Microsoft Excel and paste into spreadsheet
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- Calculate the runoff frequency (i.e., the number of days with non-zero flows) using the
simple Excel functions shown below (in the case shown below (for Melbourne 1959), the
natural runoff frequency is 8 days):

[ Microsoft Excel - Flow frequency calculation sheet 18l x|

IE_] File Edit Wiew Insert Format Tools Dats  Window Help  Adobe PDF -8 X
DEHRISB B F 98-t weor -e Bin-f

d & B & [} Reply with Changes... End Review. .. B

5]

'J“i%
E12 hd =

A [ B [c] D [E ]

/l =COUNTIF(B2:B366,0) l

Runoff fregquency (days/yr) 8 { =“COUNT|F(BZZB366, “<>0") |

\Lu

Date Cutflow cu.misec
101715959
20171958
30141959
40171959
50171959
B/01/1959
70171958
801/1959
90171959

10/01/1959
110141959
12/01/1959
13/01/1959
1401741959
15/01/1959
16/01/1959
170141959
18/01/1959
19/01/1959
20/01/1858
21011858
220115959

Days without runoff 357

o

w

=

m

=

=i

om

@

o .

o] (]
Oooogoooooooooo0oo0o0oo oo

I]

(SIS
|k =

2 4 e -
4 4+ W[4 Initial runcff depth calc examp 4 1 yearcaloc |4 | ﬂJJ
Draw~ i | Autoshapes~ N W [0 O & o ¢ (8] (& | & - - A === g
Ready HuM £

Modelling the post-development runoff frequency

Modelling the post-development runoff frequency uses the same basic process as described for the
pre-development situation.

Step 1. Select or create the appropriate climate template

Select the same 6 minute timestep climate template as used for the pre-development
analysis.

Step 2. Create the model with impervious areas and proposed treatment systems

Whilst you may model pervious areas for the normal MUSIC modelling (to analyse
removal of TSS, TP and TN, you need only include the impervious areas when modelling
runoff frequency. If you include pervious areas (with a daily baseflow rate set), they will
produce baseflow, which MUSIC will interpret as contributing to daily runoff frequency;
therefore, if you include pervious areas, the daily baseflow rate should be set to zero
(and the daily seepage rate set to 5%, as per Step 2 for the pre-development frequency
analysis.

Create the network of treatment systems to retain stormwater from these impervious
areas: eg. rain-garden, rainwater tank, infiltration system. The example below shows a
rainwater tank being used to harvest water from a house roof, with overflow going to a
rain-garden (biofiltration system). Runoff from the paved area also goes to the
biofiltration system:
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FEMUSIC - Model for Urban Stormwater Improvement Conceptualisation - [& -3 x|
=fE File Edit Catchment Iools Window Help 1= x|
Source . | Treatment . | DOther - £
v “ = Q G%| \ Nodes Nodes | Nodes || H B | i) || x
o
Ro
Payed area
Rainwater Tal

Rain-garden

|93¢ A | v

The design (and thus modelling) of treatment systems for reducing runoff frequency will
be somewhat different to that for simply reducing pollutant loads. Systems which
promote infiltration and stormwater harvesting with regular demands (eg. toilet
flushing, etc.) will be most effective. For example, one solution (subject to appropriate
distances to infrastructure) is to construct a biofiltration system with an unlined base,
and the underdrain raised above the base, to allow water from small rainfall events to
infiltrate to surrounding soils (see left-hand side diagram below with highlighted
seepage loss and depth below underdrain parameters. Another option is to use no
underdrain at all (having only an overflow pipe); in this case (right-hand size diagram), it
can be modelled with a simple infiltration system node in MUSIC. The only ‘trick’ here is
to model the extended detention depth as:
Extended detention depth = ponding depth + infiltration depth x porosity.

For a sandy-loam system (to support plants), the porosity ~ 0.4. Therefore (in example
below); if the ponding depth was 0.3m and the filter medium was 0.6m deep, the “depth
to overflow) would be 0.3 + (0.6 x 0.4) = 0.54 m (highlighted below):

Properties of Rain-garden x|
Local Biofiltration rain-gard
[ Inlet Propertie:
Lo Flows By-Pass [cubic metres per sec) |D 000 Locatior, |Infitration System
High Flow By-pass [cubic metres per sec) |1 00.000 —lzlel F;:rlope;ie » I ] —
—Starage Propertis: v Flow By-pass (cubic metres per sec .
Estended Detention Depth [metres) 0.30 High Flow By-pass [cubic metres per sec) 100.000
Surface Area [square metres) 2.0 [~ Storage Fropertie:
Seepage Loss [mm/hr) [- 36.00 Surface Area (square metres) 2.0
Infiltration Propertie: Depth ta Overflow W eir (metres) E 0.54
Filter Area [square metres] 20 Infiltration Rate [mmhr) 36.00
Filter D epth [metres) 0.6 Evaporative Loss as % of PET 100.00
Filter Mediar Particle Diameter [mrm] 0.45 Outlet Propertie:
Saturated Hydraulic Conductivity [mm/hr) 160.00 Overflows ‘Wi Width [metres) 2.0
Depth below underdrain pipe [% of Filter Depth] [- 50.0 F— | - | ’vl More |
Outlet Propertie:
( Ovetflow et Widh (metres) I ‘ Kool | bk | LEn |
Fluxes... | Maotes.. | Mare |

xgancsl | =1 Back | /Elmsh I

Step 3. Run model and export results

Run the model.
Export the results from the most downstream node (in the example above, this would

be the rain-garden), at daily timestep, selecting only flow, and choosing the “Tab
delimited” format.
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- Follow the same steps as per the pre-development frequency; open the exported text file in
Notepad, Select All and then Copy; paste into Excel, and then calculate the runoff frequency

(ie. the number of days with non-zero flows.

- The number of days per year with non-zero flows should not be more than 15 days greater
than for the pre-development case (for the example below, it is 12 days; ie. 8 + 12 = 20):

| =COUNTIF(B2:B366.0) |

1=
@_] File Edit Wiew Insert Format  Tools Data  Window Help  Adobe PDF -8 X
DSHRGEIEB- S9-8:-t@o -0 Bia-f
S Td S s ;] (17| Reply with Changes... End Review. . )
Tl
DB hd &
A | B [c] D [E [ 3

| 1| Date Outflow cu.misec ol

| 2| 1/01/1958 1] Days without runoff a5l

| 3 | 201/1969 1]

| 4| 34011859 o Runoff frequency (daysfyr) 20

| 5 | 4/01/1959 0.00097 466

16| 5/01/1353 ooosase, 1

| 7 | 5/01/1259 0

| 8 | 7011959 0.00101454

| 9| 801/1259 0

| 10| 9/01/1259 0

| 11| 10/01/1259 0

| 12| 110171259 0

| 13| 12011259 0

| 14 | 13/01/1259 0

| 15| 140171259 0

| 16 | 15/01/1259 0

| 17 | 16/01/1259 0

| 18 | 170171259 0

| 19| 18/01/1259 0

| 20 | 19/01/1259 0

| 21| 20/01/1859 0

| 22| 21/01/1859 0

23 220111859 0 =
H ‘1 PO II‘IItI;| ;unuff depth calc examp £ 1 year calec | 4| | LIJ_‘

Draw = i | Autoshapes~ ™~ w 1 O A of £ 8] W@ | & - g - A~

Ready

UM

| =*COUNTIF(B2:8366, *<>0") |

== f
A

The effect of evapotranspiration in biofiltration systems
MUSIC v3 does not account for the effect of evapotranspiration within a biofiltration system (rain-
garden), even through recent research has shown that it can result in a reduction of mean annual
flow by about 30% (Hatt et al., 2009). It is hoped that version 4.0 of MUSIC will address this issue.
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GUIDELINES FOR FILTER MEDIA IN BIOFILTRATION SYSTEMS (Version 3.01)
June 2009

The following guidelines for filter media in biofiltration systems have been prepared on behalf of the
Facility for Advancing Water Biofiltration (FAWB) to assist in the development of biofiltration
systems, including the planning, design, construction and operation of those systems.

NOTE: This is a revision of the previous FAWB guideline specifications (published in 2006 (Version
1.01), 2008 (Version 2.01)). It attempts to provide a simpler and more robust guideline for both soil-
based and engineered filter media. FAWB acknowledges the contribution of EDAW Inc., Melbourne
Water Corporation, Dr Nicholas Somes (Ecodynamics), Alan Hoban (South East Queensland Healthy
Waterways Partnership), Shaun Leinster (DesignFlow) and STORM Consulting to the preparation of
the revised guidelines.

Disclaimer

The Guidelines for Soil Filter Media in Biofiltration Systems are made available and distributed solely
on an "as is" basis without express or implied warranty. The entire risk as to the quality, adaptability
and performance is assumed by the user.

It is the responsibility of the user to make an assessment of the suitability of the guidelines for its
own purposes and the guidelines are supplied on the understanding that the user will not hold
EDAW Inc., Monash University, or parties to the Facility for Advancing Water Biofiltration (FAWB)
(“the Licensor”) liable for any loss or damage resulting from their use.

To the extent permitted by the laws of Australia, the Licensor disclaims all warranties with regard to
this information, including all implied warranties of merchantability and fitness. In no event shall the
Licensor be liable for any special, direct or consequential damages or any damages whatsoever
resulting from loss or use, whether in action of contract, negligence or other tortious action, arising
out of the use of, or performance of this information.

1 GENERAL DESCRIPTION

The biofiltration filter media guidelines require three layers of media: the filter media itself
(400-600 mm deep or as specified in the engineering design), a transition layer (100 mm deep), and
a drainage layer (50 mm minimum cover over underdrainage pipe). The biofiltration system will
operate so that water will infiltrate into the filter media and move vertically down through the
profile.

The filter media is required to support a range of vegetation types (from groundcovers to trees) that
are adapted to freely draining soils with occasional wetting. The material should be based on
natural or amended natural soils or it can be entirely engineered; in either case, it can be of
siliceous or calcareous origin. In general, the media should have an appropriately high permeability
under compaction and should be free of rubbish, deleterious material, toxicants, declared plants and
local weeds (as listed in local guidelines/Acts), and should not be hydrophobic. The filter media
should contain some organic matter for increased water holding capacity but be low in nutrient
content. In the case of natural or amended natural soils, the media should be a loamy sand.

Biofiltration Filter Media Guidelines (Version 3.01), Prepared by the Facility for Advancing Water Biofiltration
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Maintaining an adequate infiltration capacity is crucial in ensuring the long-term treatment
efficiency of the system. The ability of a biofiltration system to detain and infiltrate incoming
stormwater is a function of the filter surface area, extended detention (ponding) depth, and the
hydraulic conductivity of the filter media (Figure 1). Most importantly, design of a biofiltration
system should optimize the combination of these three design elements.

For a biofiltration system in a temperate climate with an extended detention depth of 100 — 300 mm
and whose surface area is approximately 2% of the connected impervious area of the contributing
catchment, the prescribed hydraulic conductivity will generally be between 100 — 300 mm/hr in
order to meet best practice targets (Figure 2). This configuration supports plant growth without
requiring too much land space. In warm, humid (sub- and dry- tropical) regions the hydraulic
conductivity may need to be higher in order to achieve the required treatment performance using
the same land space (i.e., ensuring that the proportion of water treated through the media meets
requirements).

Where one of these design elements falls outside the recommended range, the infiltration capacity
can still be maintained by offsetting another of the design elements. For example, a filter media
with a lower hydraulic conductivity may be used, but the surface area or the extended detention
depth would need to be increased in order to maintain the treatment capacity. Similarly, if the
available land were the limiting design element, the system could still treat the same size storm if a
filter media with a higher hydraulic conductivity were installed. Where a hydraulic conductivity
greater than 300 mm/hr is prescribed, potential issues such as higher watering requirements during
the establishment should be considered. Biofiltration systems with a hydraulic conductivity greater
than 600 mm/hr are unlikely to support plant growth due to poor water retention, and may also
result in leaching of pollutants. However plant survival might be possible if the outlet pipe were
raised to create a permanently submerged zone.

filter media
hydraulic
conductivity

filter
surface

extended

detention
depth

area

Figure 1. Design elements that influence infiltration capacity.
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Figure 2. Recommended filter media hydraulic conductivity range and potential issues

The infiltration capacity of the biofiltration system will initially decline during the establishment
phase as the filter media settles and compacts, but this will level out and then start to increase as
the plant community establishes itself and the rooting depth increases (see Appendix A). In order to
ensure that the system functions adequately at its eventual (minimum) hydraulic conductivity, a
safety co-efficient of 2 should be used: i.e., designs should be modelled using half the prescribed
hydraulic conductivity. If a system does not perform adequately with this hydraulic conductivity,
then the area and/or ponding depth should be increased. It may also be desirable to report
sensitivity to infiltration rate, rather than simply having expected rate. This is important when
assessing compliance of constructed systems as systems should ideally meet best practice across a
range of infiltration rates.

2 TESTING REQUIREMENTS
2.1 Determination of Hydraulic Conductivity

The hydraulic conductivity of potential filter media should be measured using the ASTM F1815-06
method. This test method uses a compaction method that best represents field conditions and so
provides a more realistic assessment of hydraulic conductivity than other test methods.

Note: if a hydraulic conductivity lower than 100 mm/hr is prescribed, the level of compaction
associated with this test method may be too severe and so underestimate the actual hydraulic
conductivity of the filter media under field conditions. However, FAWB considers this to be an
appropriately conservative test, and recommends its use even for low conductivity media.

2.2 Particle Size Distribution

Particle size distribution (PSD) is of secondary importance compared with hydraulic conductivity. A
material whose PSD falls within the following recommended range does not preclude the need for
hydraulic conductivity testing i.e., it does not guarantee that the material will have a suitable
hydraulic conductivity. However, the following composition range (percentage w/w) provides a
useful guide for selecting an appropriate material:

Biofiltration Filter Media Guidelines (Version 3.01), Prepared by the Facility for Advancing Water Biofiltration
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Clay & Silt <3% (<0.05 mm)
Very Fine Sand 5-30% (0.05-0.15 mm)
Fine Sand 10-30% (0.15-0.25 mm)
Medium to Coarse Sand 40-60% (0.25-1.0 mm)
Coarse Sand 7-10% (1.0-2.0 mm)
Fine Gravel <3% (2.0-3.4 mm)

Clay and silt are important for water retention and sorption of dissolved pollutants, however they
substantially reduce the hydraulic conductivity of the filter media. This size fraction also influences
the structural stability of the material (through migration of particles to block small pores and/or
slump). It is essential that the total clay and silt mix is less than 3% (w/w) to reduce the likelihood of
structural collapse of such soils.

The filter media should be well-graded i.e., it should have all particle size ranges present from the
0.075 mm to the 4.75 mm sieve (as defined by AS1289.3.6.1 - 1995). There should be no gap in the
particle size grading, and the composition should not be dominated by a small particle size range.
This is important for preventing structural collapse due to particle migration.

2.3 Soil-Based Filter Media: Properties

The following specifications are based on results of extensive treatment performance testing
conducted by FAWB as well as recommendations made by AS4419 — 2003 (Soils for Landscaping and
Garden Use). Filter media must be tested for the following; media that do not meet these
specifications should be rejected or amended:

i. Total Nitrogen (TN) Content — <1000 mg/kg.

ii. Orthophosphate (PO,>) Content — <80 mg/kg. Soils with total phosphorus concentrations
>100 mg/kg should be tested for potential leaching. Where plants with moderate
phosphorus sensitivity are to be used, total phosphorus concentrations should be <20
mg/kg.

iii. Organic Matter Content — at least 3% (w/w). An organic content lower than 3% is likely to
have too low a water holding capacity to support healthy plant growth. In order to comply
with both this and the TN and PO,> content requirements, a low nutrient organic matter will
be required.

iv. pH — as specified for ‘natural soils and soil blends’ 5.5 - 7.5 (pH 1:5 in water).
v. Electrical Conductivity (EC) — as specified for ‘natural soils and soil blends’ <1.2 dS/m.
Optional testing:

vi. Dispersibility — this should be carried out where it is suspected that the soil may be
susceptible to structural collapse. If in doubt, then this testing should be undertaken.

Potential filter media should generally be assessed by a horticulturalist to ensure that they are
capable of supporting a healthy vegetation community. This assessment should take into
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consideration delivery of nutrients to the system by stormwater. Any component or soil found to
contain high levels of salt (as determined by EC measurements), high levels of clay or silt particles
(exceeding the particle size limits set above), or any other extremes which may be considered
retardant to plant growth should be rejected.

3 ENGINEERED FILTER MEDIA

Where there is not a locally available soil-based material that complies with the properties outlined
in Sections 2.1 - 2.3, it is possible to construct an appropriate filter medium. A washed, well-graded
sand with an appropriate hydraulic conductivity should be used as the filter medium. Suitable
materials include those used for the construction of turf profiles (e.g. golf greens); these materials
are processed by washing to remove clay and silt fractions. In large quantities (>20 m>), they can be
obtained directly from sand suppliers, while smaller quantities can be purchased from local garden
yards. The top 100 mm of the filter medium should then be ameliorated with appropriate organic
matter, fertiliser and trace elements (Table 1). This amelioration is required to aid plant
establishment and is designed to last four weeks; the rationale being that, beyond this point, the
plants receive adequate nutrients via incoming stormwater.

Table 1. Recipe for ameliorating the top 100 mm of sand filter media

Constituent Quantity (kg/100 m’ filter area)
Granulated poultry manure fines 50
Superphosphate 2
Magnesium sulphate 3
Potassium sulphate 2
1
4

Trace Element Mix
Fertilizer NPK (16.4.14)
Lime 20

Laboratory testing has shown that biofilters that contain an engineered filter medium will achieve
essentially the same hydraulic and treatment performance as those containing a soil-based filter
medium (Bratieres et al., 2009). However, it is recommended that a submerged zone be included in
biofiltration systems that utilise such a free draining filter medium to provide a water source for
vegetation between rainfall events.

4 TRANSITION LAYER

The transition layer prevents filter media from washing into the drainage layer. Transition layer
material shall be a clean, well-graded sand material containing <2% fines. To avoid migration of the
filter media into the transition layer, the particle size distribution of the sand should be assessed to
ensure it meets ‘bridging criteria’, that is, the smallest 15% of the sand particles bridge with the
largest 15% of the filter media particles (Water by Design, 2009; VicRoads, 2004):

D5 (transition layer) < 5 x Dgs (filter media)

where: D;; (transition layer) is the 15" percentile particle size in the transition layer material (i.e.,
15% of the sand is smaller than D;5 mm), and
Dgs (filter media) is the 85t percentile particle size in the filter media.

Biofiltration Filter Media Guidelines (Version 3.01), Prepared by the Facility for Advancing Water Biofiltration
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A dual-transition layer, where a fine sand overlays a medium-coarse sand, is also possible. While it is
acknowledged that this can increase the complexity of the construction process, testing indicates
that a dual-transition layer produces consistently lower levels of turbidity and concentrations of
suspended solids in treated outflows than a single transition layer. Therefore, it is recommended
that this design be specified for stormwater harvesting applications (to enable effective post-
treatment disinfection) and where minimising the risk of washout during the establishment period is
of particular importance.

The transition layer can be omitted from a biofiltration system provided the filter media and
drainage layer meet the following criteria as defined by the Victorian Roads Drainage of Subsurface
Water from Roads - Technical Bulletin No 32 (VicRoads, 2004):

D15 (drainage layer) < 5 x Dgs (filter media)

D15 (drainage layer) = 5 to 20 x D5 (filter media)
Dsq (drainage layer < 25 x D (filter media)

Do (drainage layer) < 20 x D4 (drainage layer)

These comparisons are best made by plotting the particle size distributions for the filter media and
gravel on the same soil grading graphs and extracting the relevant diameters (Water by Design,
2009).

5 DRAINAGE LAYER

The drainage layer collects treated water at the bottom of the system and converys it to the
underdrain pipes. Drainage layer material is to be clean, fine gravel, such as a 2 — 5 mm washed
screenings. Bridging criteria should be applied to avoid migration of the transition layer into the
drainage layer (Water by Design, 2009; VicRoads, 2004):

D5 (drainage layer) < 5 x Dgs (transition layer)

where: D;s (drainage layer) is the 15 percentile particle size in the drainage layer material (i.e.,
15% of the gravel is smaller than D;s mm), and
Dgs (transition layer) is the 85" percentile particle size in the transition layer material.

Note: The perforations in the underdrain pipes should be small enough that the drainage layer
cannot fall into the pipes. A useful guide is to check to that the Dgs (drainage layer) is greater than
the pipe perforation diameter.

Geotextile fabrics are not recommended for use in biofiltration systems due to the risk of clogging.
An open-weave shade cloth can be placed between the transition layer and the drainage layer to
help reduce the downward migration of smaller particles if required, however this should only be
adopted where there is insufficient depth for transition and drainage layers.

6 INSTALLATION

It is recommended that filter media be lightly compacted during installation to prevent migration of
fine particles. In small systems, a single pass with a vibrating plate should be used to compact the
filter media, while in large systems, a single pass with roller machinery (e.g. a drum lawn roller)
should be performed. Under no circumstance should heavy compaction or multiple-passes be
made. Filter media should be installed in two lifts unless the depth is less than 500 mm.

Biofiltration Filter Media Guidelines (Version 3.01), Prepared by the Facility for Advancing Water Biofiltration
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7 FIELD TESTING

It is recommended that field testing of hydraulic conductivity be carried out at least twice: 1. one
month following commencement of operation, and 2. in the second year of operation to assess the
impact of vegetation on hydraulic conductivity.

The hydraulic conductivity of the filter media should be checked at a minimum of three points within
the system. The single ring, constant head infiltration test method (shallow test), as described by Le
Coustumer et al. (2007), should be used. Given the inherent variability in hydraulic conductivity
testing and the heterogeneity of the filter media, the laboratory and field results are considered
comparable if they are within 50% of each other. However, even if they differ by more than 50%,
the system will still function if both the field and laboratory results are within the relevant
recommended range of hydraulic conductivities.
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Figure A.1 illustrates the change in hydraulic conductivity during the establishment phase of a
Melbourne biofiltration system containing a sandy loam filter media. The hydraulic conductivity
initially declines as the filter media is compacted under hydraulic loading, but recovers back to the
design value (as indicated by the dashed horizontal line) as plant growth and increased rooting
depth counters the effects of compaction and clogging.
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Figure A.1 Evolution of hydraulic conductivity during the first 20 months of a biofiltration system (after Hatt
etal., 2009)
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1 BIOFILTRATION SYSTEM FUNCTIONS

This is a sample maintenance plan only. When preparing a maintenance plan for a specific site,
consideration should be given to the individual site requirements to ensure all the elements within a
particular design are incorporated in to the plan.

A sketch or drawing should be provided (as seen in Figure 1) to help maintenance personnel and asset
managers understand the function and features of a particular asset. The drawing should provide
enough information about the function of a system to enable appropriate management/maintenance
decisions to be made.

Biofiltration systems (also known as biofilters, bioretention systems and rain gardens) are designed
with the primary intent of removing pollutants from stormwater before the water is discharged to
the local waterway or reused for other applications (e.g. irrigation). They are typically constructed as
basins, trenches or tree pits (Figure 1). Stormwater runoff generally enters the biofiltration system
through a break in a standard road kerb where it temporarily ponds on the surface before slowly
filtering through the soil media. Treated stormwater is then collected at the base of the biofiltration
system via perforated pipes located within a gravel drainage layer before being discharged to
conventional stormwater pipes or collected for reuse. Note that, in some cases, the drainage pipe is
up-turned to create a permanent pool of water, or submerged zone, in the bottom of the
biofiltration system. Conventional stormwater pipes also act as an overflow in most designs, taking
flows that exceed the design capacity of the biofiltration system.

The inclusion of biofiltration systems into the stormwater drainage system does not affect other
conventional drainage elements. Stormwater discharge that exceeds the capacity of the biofiltration
system may continue down the kerb to be collected in a conventional side entry pit or may overflow
into a pit located within the biofiltration system that is directly connected to the conventional
drainage system.

Biofiltration systems provide stormwater treatment as well as landscape amenity. An additional
benefit is that the passive irrigation from stormwater reduces the demand for irrigation from other
sources, such as potable water.

The tree and/or understorey species need to be relatively hardy, and tolerant of both freely draining
sandy soils and regular inundation. The soil filter media into which the trees are planted generally
has a specified hydraulic conductivity of 100 — 300 mm/hr, depending on the local climate and the
configuration of the system. In the case of tree pits, the understorey (or groundcover) vegetation
reduces the likelihood of clogging at the surface of the filter media.

Figure 1 illustrates the intended flow pathways for stormwater through a typical biofiltration system
(a tree pit, in this case) and shows some of the subsurface infrastructure that requires consideration
for maintenance.
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Figure 1. Conceptual drawing of a biofiltration system illustrating stormwater flow pathways and subsurface
infrastructure requiring maintenance.
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2  MINIMISING LONG-TERM MAINTENANCE

Three key elements in the design and construction of raingardens and biofiltration tree pits have
been identified that strongly influence the amount of long-term maintenance that is required.
Adequately addressing these three key elements ensures that the long-term maintenance of these
systems is predictable, and therefore minimal. The elements are:

= Correct filter media specification and installation;
= Dense vegetation cover; and

=  Protection during construction phases.
The importance of these key elements is described in more detail below.

2.1 Filter media

The filter media for the biofiltration system must meet certain specifications. It is crucial that the
filter media maintains its hydraulic conductivity (i.e., it’s ability to pass water through the media) in
the long term. When an inappropriate filter media is installed (eg. it contains high levels of fine silt
and/or clay materials), it may result in compaction or even structural collapse of the media. This
leads to a substantial reduction in the treatment capacity of the system because water will not filter
through the media; instead it will pond on the surface and spill out through the overflow. A
symptom of this compaction is often the loss of vegetation within the biofiltration system.

Similarly, filter media must be correctly installed with an appropriate level of compaction during
installation.  Guidelines currently recommend that filter media be lightly compacted during
installation to prevent migration of fine particles. In small systems, a single pass with a vibrating
plate should be used to compact the filter media, while in large systems, a single pass with roller
machinery (e.g. a drum lawn roller) should be performed (FAWB, 2009).

2.2 Vegetation cover

Nutrients have been identified as a key pollutant in stormwater, particularly nitrogen and
phosphorus. The nutrient removal efficiency of biofiltration systems is related to the root structure
and density of the plants within the system. Further, as plants mature and their roots penetrate the
filter media, they play a role in maintaining the hydraulic conductivity of the media because root
growth helps to maintain the surface porosity and the infiltration capacity of the filter media. As a
result, it is important that dense vegetation cover is established at an early stage to prevent
compaction or surface sealing. Some biofiltration tree pits are designed without understorey
vegetation. In these instances, it is likely that additional maintenance will be required to maintain
the porosity of the surface of the filter media (e.g. physical removal of any fine sediments that
accumulate on the surface).

2.3  Protection during construction phases

Protection of biofiltration systems during construction allows for good plant establishment and
prevents disturbance or scour of the filter media surface. It is also important to protect the
biofiltration system from heavy sediment loads, or other wash off (e.g. cement washings), during any
construction in the catchment to prevent clogging of the surface of the filter media (see Section 3 for
more detail).
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3 ESTABLISHMENT PHASE MAINTENANCE

A number of maintenance activities have been identified that are, in most cases, only required during
the establishment phase of a biofiltration system. The end of the establishment phase can be
defined by the completion of both of the following:

(i) The plant establishment — where plants are suitably established to no longer require
irrigation and are close to their mature height and/or when larger trees no longer require
tree stakes for support. This period is typically 18 to 24 months; and

(i) The biofiltration system is completely connected to its intended catchment and the
catchment is no longer under construction (therefore there is less risk of high sediment loads
or other contaminants, such as cement washings or fine clay sediments, being washed onto
the surface of the filter media and causing clogging). It is also important that the entire
catchment is connected to ensure adequate water availability for plants under normal
climatic conditions.

3.1 Protection of filter media during construction

Construction sites usually generate very high loads of sediment in stormwater runoff. These
exceptionally high loads can cause the filter media within a biofiltration system to become clogged or
blocked. Blockage may occur as a result of the accumulation of fine sediment on the surface; this can
sometimes be manually removed. Accumulation of fine sediment may also occur in a layer deeper
within the filter media, usually resulting in the need to remove and replace the filter media.

To protect the filter media while construction activities are occurring in the catchment, at least one
of the following precautions should be taken:

1. Keep the biofiltration system off-line during this period to prevent any stormwater entering —
Note: adequate alternative sediment control measures must also be installed during
construction to prevent heavy sediment loads being discharged directly to the stormwater
system while the biofiltration system is off-line;

2. Delay final landscaping and protect the system by covering the entire biofiltration surface
with geotextile (and turf or gravel if desired for aesthetic purposes) as shown in Figure 2
(left); or

3. Temporarily partition the biofiltration system, creating a sacrificial sediment forebay. This
allows the vegetation to establish in the rest of the system while the sacrificial sediment
forebay at the inlet is protected using textile and turf, as described above and shown in
Figure 2 (right). This approach is best suited when the overflow pit is located close to the
inlet zone.

Figure 2. Protection of filter media with a geofabric and turf cover (left) and use of a sacrificial sediment
forebay during construction and plant establishment (right).
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3.2 Irrigation

Plants and trees in biofiltration systems will probably require irrigation during the establishment
phase. Irrigation should be applied directly to the surface of the filter media. The use of Ag pipes for
irrigating young trees is not recommended as it creates a short-circuit pathway, or preferential flow
path, for stormwater. The stormwater flows straight down the Ag pipes and into the drainage layer
at the base where it is conveyed downstream to the conventional stormwater system, effectively
bypassing any pollutant removal processes that occur as the stormwater filters through the filter
media (Figure 3).

Ag pipe for tree
irrigation

NOT TO SCALE

Figure 3. Concept illustration showing how Ag pipes installed for tree watering can result in short-circuiting
and reduced stormwater treatment.

3.3 Tree stake removal

Tree stakes are often used to support young trees planted into the filter media of biofiltration
systems. The stakes should be removed once the trees are adequately established and the holes
filled in with filter media. Failure to fill in the holes will result in the creation of a short-circuit
pathway, or preferential flow path, for stormwater. Instead of ponding on the surface of the
raingarden, the holes left behind after the stakes are removed allow water to bypass the filter media

and drain directly into the drainage layer at the base of the cell, effectively bypassing any pollutant
removal processes.
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e of visits

4.1.1 Schedule of Site Visits (Regular Inspection & Maintenance)

Purpose of visit

Frequency

Inspection

Regular inspection and maintenance should be carried out to ensure the system
functions as designed. It is recommended that these checks be undertaken on a

Maintenance

three monthly basis during the initial period of operating the system. A less
frequent schedule might be determined after the system has established.

4.2 Tasks

The scope of maintenance tasks should include verifying the function and condition of the following

elements:
[ ]
[ ]
[ ]

Filter media
Horticultural

Drainage infrastructure
Other routine tasks

4.2.1 FILTER MEDIA TASKS

Sediment
deposition

Remove sediment build up from forebays and other pre-treatment measures in
biofiltration systems and from the surface of biofiltration street trees.

Frequency - 3 MONTHLY, AFTER RAIN

Holes or scour

Infill any holes in the filter media. Check for erosion or scour and repair, provide
energy dissipation (e.g. rocks and pebbles at inlet) if necessary.

Frequency - 3 MONTHLY, AFTER RAIN

Filter media
surface
porosity

Inspect for the accumulation of an impermeable layer (such as oily or clayey
sediment) that may have formed on the surface of the filter media. A symptom may
be that water remains ponded in the biofiltration system for more than a few hours
after a rain event. Repair minor accumulations by raking away any mulch on the
surface and scarifying the surface of the filter media between plants.

For biofiltration tree pits without understorey vegetation, any accumulation of leaf
litter should be removed to help maintain the surface porosity of the filter media.

Frequency - 3 MONTHLY, AFTER RAIN

Litter control

4.2.2 HORTICULTURAL TASKS

Check for litter (including organic litter) in and around treatment areas. Remove both
organic and anthropogenic litter to ensure flow paths and infiltration through the
filter media are not hindered.

Frequency - 3 MONTHLY OR AS DESIRED FOR AESTHETICS

original plant

Pests and Assess plants for disease, pest infection, stunted growth or senescent plants. Treat or
diseases replace as necessary. Reduced plant density reduces pollutant removal and
infiltration performance.
Frequency - 3 MONTHLY OR AS DESIRED FOR AESTHETICS
Maintain Infill planting: Between 6 and 10 plants per square metre should (depending on

species) be adequate to maintain a density where the plants’ roots touch each other.

Biofiltration System Maintenance Plan - EXAMPLE
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Underdrain

densities Planting should be evenly spaced to help prevent scouring due to a concentration of
flow.
Frequency - 3 MONTHLY OR AS DESIRED FOR AESTHETICS

Weeds It is important to identify the presence of any rapidly spreading weeds as they occur.

4.2.3 DRAINAGE TASKS

The presence of such weeds can reduce dominant species distributions and diminish
aesthetics. Weed species can also compromise the systems long term performance.
Inspect for and manually remove weed species. Application of herbicide should be
limited to a wand or restrictive spot spraying due to the fact that rain gardens and
biofiltration tree pits are directly connected to the stormwater system.

Frequency - 3 MONTHLY OR AS DESIRED FOR AESTHETICS

Ensure that underdrain pipes are not blocked to prevent filter media and plants from
becoming waterlogged. If a submerged zone is included, check that the water level is
at the design level, noting that drawdown during dry periods is expected.

A small steady clear flow of water may be observed discharging from the underdrain
at its connection into the downstream pit some hours after rainfall. Note that smaller
rainfall events after dry weather may be completely absorbed by the filter media and
not result in flow. Remote camera (eg. CCTV) inspection of pipelines for blockage and
structural integrity could be useful.

Frequency - 6 MONTHLY, AFTER RAIN

High flow inlet
pits, overflow
pits and other
stormwater
junction pits

Inspection
after rainfall

4.2.4 OTHER ROUTINE TASKS

Ensure inflow areas and grates over pits are clear of litter and debris and in good and
safe condition. A blocked grate would cause nuisance flooding. Inspect for dislodged
or damaged pit covers and ensure general structural integrity.

Remove sediment from pits and entry sites, etc. (likely to be an irregular occurrence
in mature catchment).

Frequency - MONTHLY AND OCCASIONALLY AFTER RAIN

Occasionally observe biofiltration system after a rainfall event to check infiltration.
Identify signs of poor drainage (extended ponding on the filter media surface). If
poor drainage is identified, check land use and assess whether it has altered from the
design capacity (eg. unusually high sediment loads may require installation of a
sediment forebay).

Frequency — TWICE A YEAR, AFTER RAIN

Biofiltration System Maintenance Plan - EXAMPLE 8
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4.2.5 FORM (REGULAR INSPECTION & MAINTENANCE)

Location Raingarden/Tree Pit
Site Visit Date: Site Visit By:
Weather:

Routine Inspection O Complete section 1 (below)

Purpose of the Site Visit
Routine Maintenance O Complete sections 1 and 2 (below)

NOTE: Where maintenance is required (‘yes’ in Section 2), details should be recorded in the ‘Additional Comments’ section at the end of this document.

1. Filter media

*In addition to regular inspections, it is recommended that inspection for damage and blockage is made after Section 1 SEai e

significant rainfall events that might occur once or twice a year. Maintenance Required? Maintenance Performed
Yes No Yes No

Filter media (CIRCLE — pooling water/accumulation of silt & clay layer/scour/holes/sediment build up) O O O O

Litter (CIRCLE - large debris/accumulated vegetation/anthropogenic) O O O O

2. Vegetation

Vegetation health (CIRCLE - signs of disease/pests/poor growth) O O O O

Vegetation densities (C/IRCLE — low densities- infill planting required) O O O O

Build up of organic matter, leaf litter (CIRCLE - requires removal) O O O O

Weeds (CIRCLE - isolated plants/infestation) (SPECIES - ........ceveeecmeieseeneeenseiseesesseesesesesssseessasesanes ) O O O O

Biofiltration System Maintenance Plan - EXAMPLE
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3. Pits, pipes and inflow areas
Section 1 Section 2
Maintenance Required? Maintenance Performed?
Yes No Yes No
Perforated pipes (CIRCLE — full blockage/partial blockage/damage) O O O O
Inflow areas (CIRCLE — scour/excessive sediment deposition/litter blockage) O O O O
Overflow grates (CIRCLE — damage/scour/blockage) O O O O
Pits (CIRCLE — poor general integrity/sediment build-up/litter/blockage) O O O O
Other stormwater pipes and junction pits (CIRCLE — poor general integrity/sediment build-up/litter/blockage) O O O O
4. Submerged zone
Section 1 Section 2
Maintenance Required? Maintenance Performed?
Yes No Yes No
Weir/up-turned pipe (CIRCLE — full blockage/partial blockage/damage) O O O O
Water level (CIRCLE — at design level/drawn down) SOME DRAWDOWN DURING DRY PERIODS IS EXPECTED O O O O
5. Additional Comments

Biofiltration System Maintenance Plan - EXAMPLE 10
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PRACTICE NOTE 1: In Situ Measurement of Hydraulic Conductivity

Belinda Hatt, Sebastien Le Coustumer
June 2009

The Facility for Advancing Water Biofiltration (FAWB) aims to deliver its research findings in a variety
of forms in order to facilitate widespread and successful implementation of biofiltration
technologies. This Practice Note for In Situ Measurement of Hydraulic Conductivity is the first in a
series of Practice Notes being developed to assist practitioners with the assessment of construction
and operation of biofiltration systems.

Disclaimer: Information contained in this Practice Note is believed to be correct at the time of
publication, however neither the Facility for Advancing Water Bioifltration nor its industry partners
accept liability for any loss or damage resulting from its use.

1. SCOPE OF THE DOCUMENT

This Practice Note for In Situ Measurement of Hydraulic Conductivity is designed to complement
FAWB’s Guidelines for Filter Media in Biofiltration Systems, Version 3.01 (visit
http://www.monash.edu.au/fawb/publications/index.html for a copy of these guidelines). However,

the recommendations contained within this document are more widely applicable to assessing the
hydraulic conductivity of filter media in existing biofiltration systems.

For new systems, this Practice Note does not remove the need to conduct laboratory testing of filter
media prior to installation.

2. DETERMINATION OF HYDRAULIC CONDUCTIVITY

The recommended method for determining in situ hydraulic conductivity uses a single ring
infiltrometer under constant head. The single ring infiltrometer consists of a small plastic or metal
ring that is driven 50 mm into the filter media. It is a constant head test that is conducted for two
different pressure heads (50 mm and 150 mm). The head is kept constant during all the experiments
by pouring water into the ring. The frequency of readings of the volume poured depends on the
filter media, but typically varies from 30 seconds to 5 minutes. The experiment is stopped when the
infiltration rate is considered steady (i.e., when the volume poured per time interval remains
constant for at least 30 minutes). This method has been used extensively (eg. Reynolds and Elrick,
1990; Youngs et al., 1993).

Note: This method measures the hydraulic conductivity at the surface of the filter media. In most
cases, it is this top layer which controls the hydraulic conductivity of the system as a whole (i.e., the
underlying drainage layer has a flow capacity several orders of magnitude higher than the filter
media), as it is this layer where fine sediment will generally be deposited to form a “clogging layer”.
However this shallow test would not be appropriate for systems where the controlling layer is not

1
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the surface layer (eg. where migration of fine material down through the filter media has caused
clogging within the media). In this case, a ‘deep ring’ method is required; for further information on
this method, see Le Coustumer et al. (2008).

2.1 Selection of monitoring points

For biofiltration systems with a surface area less than 50 m?, in situ hydraulic conductivity testing
should be conducted at three points that are spatially distributed (Figure 1). For systems with a
surface area greater than 50 m?an extra monitoring point should be added for every additional
100 m>. It is essential that the monitoring point is flat and level. Vegetation should not be included
in monitoring points.

{ , 4
Figure 1. Spatially distributed monitoring points.

2.2 Apparatus
The following is required:

e 100 mm diameter PVC rings with a height of at least 220 mm — the bottom edge of the ring
should be bevelled and the inside of the ring should be marked to indicate 50 mm and 150 mm
above the filter media surface (Figure 2)

e 40 L water

e 100 mL, 250 mL and 1000 mL measuring cylinders

e Stopwatch

e Thermometer

e Measuring tape

e Spirit level
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e Hammer
e Block of wood, approximately 200 x 200 mm

1560 mm water level mark
(inside ring)

- 50 mm water level mark
(inside ring)

........

Figure 2. Diagram of single ring infiltrometer.

2.3 Procedure

a. Carefully scrape away any surface covering (eg. mulch, gravel, leaves) without disturbing the soil
filter media surface (Figure 3b).

b. Place the ring on the surface of the soil (Figure 3c), and then place the block of wood on top of
the ring. Gently tap with the hammer to drive the ring 50 mm into the filter media (Figure 3d).
Use the spirit level to check that the ring is level.

Note: It is essential that this the ring is driven in slowly and carefully to minimise disturbance of
the filter media profile.

c. Record the initial water temperature.
d. Fill the 1000 mL measuring cylinder.

e. Using a different pouring apparatus, slowly fill the ring to a ponding depth of 50 mm, taking care
to minimise disturbance of the soil surface (Figure 3f). Start the stopwatch when the water level
reaches 50 mm.

f.  Using the 1000 mL measuring cylinder, maintain the water level at 50 mm (Figure 3g). After 30
seconds, record the volume poured.

g. Maintain the water level at 50 mm, recording the time interval and volume required to do so.

Note: The time interval between recordings will be determined by the infiltration capacity of the
filter media. For fast draining media, the time interval should not be greater than one minute
however, for slow draining media, the time between recordings may be up to five minutes.
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Note: The smallest measuring cylinder that can pour the volume required to maintain a constant
water level for the measured time interval should be used for greater accuracy. For example, if
the volume poured over one minute is 750 mL, then the 1000 mL measuring cylinder should be
used. Similarly, if the volume poured is 50 mL, then the 100 mL measuring cylinder should be
used.

h. Continue to repeat Step f until the infiltration rate is steady i.e., the volume poured per time
interval remains constant for at least 30 minutes.

i. Fill the ring to a ponding depth of 150 mm (Figure 3h). Restart the stopwatch. Repeat steps e —
g for this ponding depth.

Note: Since the filter media is already saturated, the time required to reach steady infiltration
should be less than for the first ponding depth.

j. Record the final water temperature.

k. Enter the temperature, time, and volume data into a calculation spreadsheet (see
“Practice Note 1_Single Ring Infiltration Test Example Calculations.xls”, available at
www.monash.edu.au/fawb/publications/index.html, as an example).

2.4 Calculations

In order to calculate K¢ a ‘Gardner’s’ behaviour for the soil should be assumed (Gardner, 1958 in
Youngs et al., 1993):

K(h)=K ,e" Eqn. 1

where K is the hydraulic conductivity, a is a soil pore structure parameter (large for sands and small
for clay), and h is the negative pressure head. Kj is then found using the following analytical
expression (for a steady flow) (Reynolds and Elrick, 1990):

G —
Kfs = — M Eqn2
a\H,—-H,

where a is the ring radius, H; and H, are the first (50 mm) and second (150 mm) pressure heads,
respectively, Q; and Q, are the steady flows for the first and second pressure heads, respectively,
and G is a shape factor estimated as:

G:0.316E+O.184 Egn. 3
a

where d is the depth of insertion of the ring and a is the ring radius.

G is nearly independent of soil hydraulic conductivity (i.e., K and a) and ponding, if the ponding is
greater than 50 mm.
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Figure 3. Measuring hydraulic conductivity.
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The possible limitations of the test are (Reynolds et al., 2000): (1) the relatively small sample size
due to the size of the ring, (2) soil disturbance during installation of the ring (compaction of the soil),
and (3) possible edge flow during the experiments.

3 INTERPRETATION OF RESULTS

This test method has been shown to be relatively comparable to laboratory test methods (Le
Coustumer et al., 2008), taking into account the inherent variability in hydraulic conductivity testing
and the heterogeneity of natural soil-based filter media. While correlation between the two test
methods is low, results are not statistically different. In light of this, laboratory and field results are
deemed comparable if they are within 50% of each other. In the same way, replicate field results
are considered comparable if they differ by less than 50%. Where this is not the case, this is likely to
be due to a localised inconsistency in the filter media, therefore additional measurements should be
conducted at different monitoring points until comparable results are achieved. If this is not
achieved, then an area-weighted average value may need to be calculated.

4 MONITORING FREQUENCY

Field testing of hydraulic conductivity should be carried out at least twice: (1) One month following
commencement of operation, and (2) In the second year of operation to assess the impact of
vegetation on hydraulic conductivity. Following this, hydraulic conductivity testing should be
conducted every two years or when there has been a significant change in catchment characteristics
(eg. construction without appropriate sediment control).
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PRACTICE NOTE 2: Preparation of Semi-Synthetic Stormwater

Belinda Hatt and Peter Poelsma
February 2009

The Facility for Advancing Water Biofiltration (FAWB) aims to deliver its research findings in a variety
of forms in order to facilitate widespread and successful implementation of biofiltration
technologies. This Practice Note for Preparation of Semi-Synthetic Stormwater is part of a series of
Practice Notes being developed to assist practitioners with assessing the performance of biofiltration
systems.

Disclaimer: Information contained in this Practice Note is believed to be correct at the time of
publication, however neither the Facility for Advancing Water Bioifltration nor its industry partners
accept liability for any loss or damage resulting from its use.

1. SCOPE OF THE DOCUMENT

This Practice Note for Preparation of Semi-Synthetic Stormwater is designed to complement FAWB's
Performance Assessment of Biofiltration Systems using Simulated Rain Events. Semi-synthetic
stormwater is also appropriate for laboratory-scale testing of biofiltration and other stormwater
treatment systems (eg. porous pavements, constructed wetlands).

2. INTRODUCTION

There are advantages and disadvantages to using either “natural” or “synthetic” stormwater for
performance assessment. The advantage of using natural stormwater (i.e., stormwater collected
from a drainage outlet) is that the physical, chemical and biological characteristics will be truly
representative of real stormwater. However, the disadvantage is that maintaining consistency of
concentration and characteristics (eg. sediment particle size distribution (PSD)) will be very difficult,
potentially introducing an artefact of inflow variations into the measurement of treatment
performance. Collection of natural stormwater can be logistically difficult and is dependent on rain
events, an almost certain complication to any monitoring program. The advantage of using synthetic
(i.e., using laboratory chemicals) stormwater is that is readily available and will better achieve
consistency, however it will introduce artefacts due to unnatural composition (Deletic & Fletcher,
2006). Semi-synthetic stormwater represents an appropriate compromise because it is prepared
using sediment sourced from a stormwater pond. Since it is actual stormwater sediment, this should
also largely achieve desired nutrient and heavy metal concentrations; any deficiencies can then be
topped up using laboratory-grade chemicals.

3. METHODOLOGY

The basic procedure in preparing semi-synthetic stormwater is to collect sediment from a
stormwater pond, prepare a slurry of known sediment concentration, mix this with dechlorinated
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water' and add laboratory-grade chemicals as required. The first time sediment is collected, pilot
study-type testing of the slurry needs to be conducted to characterise the sediment (pollutant
concentration, PSD, as described in Section 3.3.3). For subsequent collections, only the sediment
concentration of the slurry needs to be tested.

3.1 Target characteristics
3.1.1 Pollutant concentrations

There is a high level of spatial and temporal variability in stormwater pollutant concentrations.
Where local stormwater quality data is available, these should be the target pollutant
concentrations. However, where such data is not available, typical pollutant concentrations for
runoff from urban areas would be appropriate targets (Table 1).

Table 1. Typical stormwater pollutant concentrations (Duncan, 1999; Taylor et al., 2005).

Pollutant Concentration (mg/L)
Total Suspended Solids (TSS) 150
Total Nitrogen (TN) 2.2
Nitrate/Nitrite (NO,) 0.74
Ammonia (NH;) 0.34
Dissolved Organic Nitrogen (DON) 0.69
Particulate Organic Nitrogen (PON) 0.50
Total Phosphorus (TP) 0.35
Filterable Reactive Phosphorus (FRP)  0.12
Cadmium (Cd) 0.0045
Chromium (Cr) 0.025
Copper (Cu) 0.05
Lead (Pb) 0.14
Manganese (Mn) 0.23
Nickel (Ni) 0.031
Zinc (Zn) 0.25

Total Petroleum Hydrocarbons (TPH) 10
+ Polyaromatic Hydrocarbons (PAH)

The list of stormwater pollutants presented in Table 1 is by no means exhaustive, however these are
the pollutants that are of most concern where the management objective is protection of aquatic
ecosystems. It may not be possible to analyse for all of these pollutants, depending on the available
budget, however the minimum suite of pollutants should include TSS, TN, TP, Cd, Cu, Pb, Zn. If reuse
is planned, pathogens are a key water quality issue and should be considered as an additional
pollutant.

3.1.2 Particle size distribution

The PSD of stormwater sediment varies widely according to catchment characteristics, as well as
rainfall patterns and intensity. Like pollutant concentrations, local information should form the basis

1 o . .
Mains or recycled water is suitable
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of appropriate targets, however where this data does not exist, it would be appropriate to aim for a
median particle size (dsg) of 25 - 60 um (Siriwardene et al., 2007).

Note: Given the large spatial and temporal variation in PSDs, it is neither feasible nor justified to try
to match an exact PSD. However, many stormwater pollutants are known to attach to very small
particles (eg. heavy metals are strongly correlated to particles that are <15 um, Sansalone &
Buchberger, 1995), therefore it should be ensured that this fraction is adequately represented (5 —
15 % of weight fraction).

3.2 Collection of stormwater sediment

Collect sediment from near (but a short distance from) the inlet of a stormwater pond or wetland
using a shovel; sediment very close to the inlet is dominated by coarse sand and gravel. Slowly
scrape the surface of the sediment layer (this is the “freshest” sediment i.e., it has most recently
been stormwater), taking care to minimise disturbance. The amount of sediment that needs to be
collected will depend on the volume of stormwater to be prepared; as a general guide, 5 L of
sediment will make 3000 L of semi-synthetic stormwater.

3.3 Preparation and analysis of sediment slurry

A slurry is a concentrated mixture of sediment and water. This is prepared by wet sieving the
sediment using a small volume of water.

3.3.1 Apparatus
The following apparatus is required:

e Scoop

e Sieve (see below for guidance on appropriate size)
e Collection vessel

e Small cup or beaker

e Spatula or rubber squeegee

e Water

Biofilters (and other stormwater treatment structures) may or may not incorporate pre-treatment.
Where systems do not have pre-treatment facilities, a 1 mm sieve should be used to remove very
large particles, while a 300 um sieve should be used for systems that do have pre-treatment. The
aim of this procedure is to try to replicate the realistic nature of the inflow sediment that will enter
the biofiltration system in operation.

Caution: Stormwater sediment potentially contains pathogens and, while the risk of falling ill is low,
appropriate protocols for safe-handling of environmental samples should be followed, including long
gloves, covered skin, and safety glasses. Personnel should also have received necessary
vaccinations; consult a general practitioner or health advisor for further information.

3.3.2 Procedure

a. Place the sieve on top of the collection vessel
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b. Place several scoops of sediment on the sieve

c. Pour a cup of water over the sediment
Use spatula or squeegee to stir sediment around, allowing water to wash particles through to
the collection chamber

e. Wash and stir the sediment in the sieve with ten cups of water, then discard the fraction that did
not pass through the sieve
Note: When all the clean water has washed through the sieve, use the cup to scoop up
supernatent liquid from the collection vessel (avoid scooping up settled sediment) and use this
liguid to wash the sediment in the sieve, stirring with the spatula while doing so.

f. Repeat Steps b to e until the required volume of slurry (plus some extra for analysis) has been
prepared.

3.3.3 Analysis

The first time sediment is collected from a stormwater pond, all of the tests described below must
be carried out in order to characterise the sediment. For subsequent collections, only the sediment
concentration of the slurry needs to be analysed, provided that inflow samples of the stormwater
are collected during testing.

Sediment concentration. The method for measuring the sediment concentration of the slurry is an

adaptation of the Australian Standard method for determination of total solids in waters (Australian
Standard, 1990). Rapidly stir the slurry so that all particles are in suspension and immediately collect
three 100 mL samples of the slurry (continue stirring between each sample collection), transfer each
sample to a pre-weighed container, and dry in an oven at 105° for one hour. Allow the containers to
cool at room temperature before weighing again. Calculate the sediment concentration of each
sample using Equation 1 and determine the average.

Equation 1
where: ¢, = sediment concentration in slurry (mg/L)
m.s = dry mass of container + slurry (mg)
m. = mass of container (mg)
v = volume of slurry (0.1 L)
Note: The target sediment concentration should be around 300 + 200 g/L.

Particle size distribution. There is a high level of uncertainty associated with measurement of the

PSD, and low levels of agreement between test methods. Consistently using the same test method
is therefore more important than the actual test method. PSD is typically measured using sieving
techniques or particle sizers; given that both methods have their advantages and disadvantages, it is
recommended that the test method that is most readily available and convenient be adopted, and
then used consistently for all subsequent tests.
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Pollutant concentration. A sub-sample of the slurry should be mixed with water to achieve the
target TSS concentration; see Section 3.5 for guidance on calculating the required volumes. A
sample of this should then be analysed for all the pollutants of interest by a NATA-accredited

laboratory.
3.4 Addition of laboratory grade chemicals

Once the pollutant concentration of the slurry/water mix has been determined, the need for
“topping up” pollutant concentrations can be assessed. Where this is required, laboratory grade
chemicals should be used. The chemicals that should be used for each pollutant are listed in Table 2;
see Section 3.5 for guidance on calculating the required amount to add.

Table 2. Chemicals for topping up stormwater pollutant concentrations. Note that it is important to use
these particular chemicals due to solubility considerations e.g. Lead (Pb) forms an insoluble salt with
sulphate (SO,) and chloride (Cl).

Pollutant Compound to dose with

TN n/a*

NO, potassium nitrate (KNO;)

NH; ammonium chloride (NH,CI)
DON nicotonic acid (CgHsO,N)

PON n/a’

TP n/a’

FRP potassium phosphate (KH,PO,)
Cd 1000 mg/L standard solution
Cr chromium nitrate (Cr(NOs3)s;)
Cu copper sulphate (CuSO,)

Pb lead nitrate (Pb(NO3),)

Mn manganese nitrate (Mn(NOs),)
Ni nickel nitrate (Ni(NOs),)

Zn zinc chloride (ZnCl,)

TPH & PAH  diesel
*TN is the sum of NO,, NH3;, DON and PON; if the targets concentrations of these constituents are met, then
the target TN concentration will also be achieved.
'PON is sourced from the slurry, while TP is the sum of particulate phosphorus sourced from the slurry and
FRP.

Caution: Aquire and observe the Material Safety Data Sheets (MSDS) for each chemical that is used
and follow appropriate protocols for safe handling and storage of chemicals.

3.5 Preparation of stormwater

Sections 3.5.1 — 3.5.3 describe the calculations required to determine to final volumes. The
spreadsheet “Practice Note 2_Preparation of semi-synthetic stormwater_dosing calculations.xls”,
available at http://www.monash.edu.au/fawb/products/index.html, can also be used to calculate

the required mass of chemicals and slurry needed to prepare the semi-synthetic stormwater.
3.5.1 Dechlorinated water

Mains water generally contains residual chlorine, which should be neutralised with sodium
thiosulphate (Na,S,03) prior to preparing the semi-synthetic stormwater (to avoid it having an effect

5
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on the biological community in the biofilter). The amount of sodium thiosulphate to add: 0.1 g/100 L
water.

3.5.2 Amount of slurry to add
The amount of slurry to add is calculated using Equation 2:

TSSxv
VS - st

Equation 2

Cs

where: v, = volume slurry (L)
TSS = target TSS concentration (mg/L)
Vi = volume semi-synethic stormwater (L)
¢, = sediment concentration in slurry (mg/L)
3.5.3 Mass of chemicals to add

The amount of chemical to add is calculated by substracting the concentration achieved by adding
the slurry from the target concentration and converting the difference to a mass (Equation 3). Since
the concentration is reported as mg/L of the pollutant of interest (e.g. Cu), the calculation includes a
conversion from the mass of that pollutant to the equivalent mass of the compound (e.g. CuSQ,).

1
Mr(pollutantof interest)

m(dosing compound)= (ct -C,,) X Vg

Mr(dosing compound)
Equation 3

where: m(dosing compound) = mass of dosing compound (mg)
c; = target pollutant concentration (mg/L)
C.w = pollutant concentration achieved by slurry/water mix (mg/L)
Vs = volume semi-synthetic stormwater (mg/L)
Mr(pollutant of interest) = molecular mass of pollutant of interest (g/mol)
Mr(dosing compound) = molecular mass of dosing compound (g/mol)

For example, the target concentration for Cu is 0.05 mg/L, however a slurry prepared from sediment
Wetland A and mixed with water to the target TSS concentration only has a Cu concentration of 0.01
mg/L. Therefore, the concentration needs to be increased by 0.04 mg/L. The molecular mass of Cu
is 63.55 g/mol, while that of CuSO, is 159.62 g/mol. To prepare 600 L of semi-synthetic stormwater
that meets the target Cu concentration, 0.06 g of CuSO, needs to be added to the slurry/water mix.
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m(CuS0,)=(0.05 - 0.01)x600x ——————=60mg =0.06g
63.55

159.62

3.5.4 Mixing the semi-synthetic water

The water, slurry and chemicals (as required) should be mixed in a tank and stirred continuously (this
can be mechanical or manual). It is important that the stormwater is mixed for at least ten minutes
to allow for the adsorption of various pollutants to particles in the mixture - the proportion of
dissolved and particulate pollutants has a major influence on treatment performance. Slurry can be
prepared and kept for several weeks, if refrigerated in a container with a secure lid (to reduce
evaporation), however stormwater should be used on the day it is prepared.
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PRACTICE NOTE 3: Performance Assessment of Biofiltration
Systems using Simulated Rain Events
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The Facility for Advancing Water Biofiltration (FAWB) aims to deliver its research findings in a variety
of forms in order to facilitate widespread and successful implementation of biofiltration
technologies. This Practice Note for Performance Assessment of Biofiltration Systems using
Simulated Rain Events is part of a series of Practice Notes being developed to assist practitioners
with the assessment of construction and operation of biofiltration systems.

Disclaimer: Information contained in this Practice Note is believed to be correct at the time of
publication, however neither the Facility for Advancing Water Bioifltration nor its industry partners
accept liability for any loss or damage resulting from its use.

1. SCOPE OF THE DOCUMENT

This Practice Note for Performance Assessment of Biofiltration Systems using Simulated Rain Events
is designed to provide practitioners with a hydrologic and treatment performance assessment tool
where a more detailed assessment than collecting the occasional water quality sample is required,
but where continuous flow and water quality monitoring is not feasible. From a practical viewpoint,
this approach is limited to small-scale systems as the volume of stormwater required to evaluate
large-scale systems is too onerous. This approach is also limited to sites where the outlet can be
easily accessed in order to measure flow and collect water quality samples.

2. RAIN EVENT SIMULATION

The hydrologic and treatment performance of biofiltration systems can be assessed by simulating a
rain event. A pre-determined volume of semi-synthetic water (usually equivalent to that of the
design storm) is prepared and delivered to the biofiltration system. Normally this is done via a
tanker truck and a mixing tank. The outflow rate is measured and water quality samples are
collected at regular intervals until outflow ceases.

Simulating a rain event is a full-day exercise and initially requires a minimum number of four people;
the busiest stage is preparing and delivering the semi-synthetic stormwater to the biofilter. Once
this stage has finished, two people can manage the flow monitoring and water quality sample
collection at the outflow.

Caution: Appropriate safety protocols and precautions should be followed. For example, if the
biofiltration system to be monitored is beside a road, traffic control may be required. While the risk
of microbiological and virological hazards in stormwater is likely to be low, gloves should be worn.
Personnel should also have received necessary vaccinations; consult a general practitioner or health
advisor for further information.
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Note: A rain event simulation cannot be carried out in wet weather as any unquantified inflows will
interfere with mass balance calculations with respect to runoff volumes and pollutant loads.
Further, there must also be no residual outflow from a previous rain event. The simulation should
be carried out on a day when it is not predicted to rain before outflows from the simulation cease
(i.e., at least 24 hours after the beginning of the simulation), and when there is no outflow from an
existing event.

2.1 Determination of rain event simulation volume

In general, a rain event simulation should be based on the design storm for that biofiltration system,
as this will enable evaluation of the upper performance limit. For example, if a biofiltration system
was designed to treat up to a 15-minute rain event with an average recurrence interval (ARI) of
three months, the simulation volume should be equivalent to the volume of runoff produced during
this rain event, and over a time as close as possible to the design storm duration (see further
commentary on this in Section 2.5).

2.2 Determination of water quality sampling intervals

Outflow concentrations of some pollutants have been shown to vary dramatically with flow rate or
time, therefore water quality samples need to be collected at regular intervals in order to obtain a
representative water quality assessment of the entire rain event. These water quality samples can
then be analysed individually or combined; the latter option will cost significantly less, but will give
less information about the performance of the system. 12 — 15 water quality samples collected over
the entire duration of outflow will suffice. Calculate the sampling interval by dividing the event
volume by the number of samples to be collected:

event volumex0.7

int erval=
no. samples
. 3000 Lx0.7
int erval= T =150L

e.g.

The 0.7 multiplier allows for a fraction of the inflow to be retained by the system, which has been
demonstrated to be in the order of 30% (Hatt et al., 2009). The total number of samples collected
would be 15, including at the start of outflow.

2.3 Selection of water quality parameters

The pollutants that should be monitored will be determined by the system objectives and the type of
receiving water. In general, the following parameters should be measured as a minimum:

e Total suspended solids (TSS);

e Total nitrogen (TN);

e Total phosphorus (TP); and

e Heavy metals — copper (Cu), cadmium (Cd), lead (Pb) and zinc (Zn).

Physical parameters such as pH, electrical conductivity (EC, as a measure of salinity), temperature,

and dissolved oxygen (DO) are relatively cheap and easy to measure using a field probe and chould
also be considered. The following water quality parameters might also be required:
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e Nutrient species — ammonium (NH,'), oxidised nitrogen (NO,), organic nitrogen (ON), and
orthophosphate (PO,>, commonly referred to as dissolved reactive phosphorus, FRP); and

e Other metals — aluminium (Al), chromium (Cr), iron (Fe), manganese (Mn), and nickel (Ni).
Consult with the analytical laboratory as to the sample volume required to carry out the analyses.
2.4 Apparatus

The following is required:

e Semi-synthetic stormwater — volume as determined in Section 2.1 and prepared according to
Practice Note 2: Preparation of Semi-Synthetic Stormwater (available at
http://www.monash.edu.au/fawb/products/index.html) — Note: This will most likely need to be

prepared on-site
e  Stirrer
e Means of delivering the water (e.g. tanker truck)
e Tank with removable lid and off-take point (with tap) at bottom of tank
e Stopwatch x 2
e 10L bucketx?2
e Scales —battery operated, capacity to weigh 5+ kg, precision to 2 decimal places, water resistant
e Water quality sample bottles as required (see Table 1)
e  0.45 um quick-fit filters (allow at least two filters per sample)
e 2 x25mLsyringes
e Gloves
e 2 x permanent marker pens
e Rubber boots
e Cool box and ice
e Portable computer and long-life battery (or several standard batteries)

Table 1. Handling and preservation procedures for typical water quality parameters (Australian/New
Zealand Standard, 1998).

Pollutant Container Filter Preservation

Total Suspended Solids plastic bottle, general washed  n/a refrigerate

Total Nitrogen/Total Phosphorus plastic bottle, general washed n/a refrigerate or
freeze

Nutrient species plastic bottle, general washed 0.2 um filter on site (0.45

e Dissolved Organic Nitrogen pm cellulose

e Nitrate/Nitrite acetate membrane

e Ammonia filter) and

e Filterable Reactive Phosphorus refrigerate or
freeze

Metals plastic bottle, acid washed n/a acidify with nitric

acidtopH1to2
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2.5 Procedure
a. Place tank just upstream of the inlet to the biofiltration system.

b. Prepare semi-synthetic stormwater in tank, continuously stirring.

Note: Depending on the size of the tank, it may not be possible to prepare the entire volume of
semi-synthetic stormwater required in one batch. If this is the case, it is entirely fine to prepare
the stormwater in batches, however the total number of batches should be minimised to reduce
variability and maximise repeatability of the experiment.

c. Collect water quality samples from the tank into the appropriate containers, process and store
as required.

Note: To avoid sample contamination, rinse sample collection vessels and bottles with a small
amount of sample before filling and ensure hands do not contact the sample, filters, inside of
bottles, lids, etc. Samples that require filtering should be filtered as soon as possible, preferably
immediately, and samples that require refrigeration should be stored on ice.

Note: If the semi-synthetic stormwater is prepared in batches, water quality samples should be
collected from each batch and equal volumes from each batch combined for an average inflow
concentration.

d. Continue stirring, open tap to allow semi-synthetic stormwater to flow into biofilter, start one
stopwatch.

Note: This stopwatch is the timer for the whole simulation and should not be stopped until the
final flow and water quality measurements are taken.

e. If preparing semi-synthetic stormwater in batches, begin preparing next batch as soon as the
tank is empty. Repeat Steps b - d (except for starting the stopwatch) until all the semi-synthetic
stormwater has been delivered to the biofilter.

Note: It is not possible to replicate a typical hydrograph using this approach, however the aim is
to deliver the entire volume in the same timeframe as the design storm. For example, for a 15-
minute design storm, the stormwater should be prepared and delivered to the biofilter in
approximately 25 minutes (allowing for some flow attenuation in the catchment).

f. Check the outlet at regular intervals. At the first appearance of flow, measure the flow rate
using a bucket and the other stopwatch and collect a water quality sample.

g. Measure the flow rate at two-minute intervals. Enter this data into a spreadsheet to keep track
of the cumulative outflow volume (an example spreadsheet is provided with the case study
described in Section 4).

h. Continue to monitor the flow rate and cumulative outflow volume, collecting water quality
samples at the appropriate intervals. The flow rate will change rapidly at first and reach a peak
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before decreasing. The rate of change will also decrease, at which point flow measurements
intervals can be increased to every five minutes, and even longer as flow slows.

i. Flow monitoring and water quality sample collection should continue until the time between
samples is deemed too high (see case study as a guide); this is the end point, however consider
also taking a final flow measurement and water quality sample the following day (i.e., 24 hours
after the start of the simulation).

j. Water quality samples should be analysed by a NATA-accredited laboratory.
2.5.1 Quality control

It is important to collect quality control samples to validate results and eliminate the possibility of
sample contamination. At least one of each of the following should be collected per simulation:

e Field blank

e Transport blank

e Replicate sample

For further details, see the Australian standard for design of water quality sampling programs
(Australian/New Zealand Standard, 1998).

3. INTERPRETATION OF RESULTS

It is very easy for data to be defective, therefore it is essential that data is checked for errors prior to
evaluating results. Possible problems include noise, missing values, outliers. However, outliers
should not be removed without reason or justification.

3.1 Pollutant load calculations

Pollutant loads can be calculated by combining the flow and water quality data.
lin = VinCin

where: |, = inflow load (mg)

Vi, = total inflow volume (L)

Cin = inflow pollutant concentration (mg/L)

N
|out = zvi,outci,out
i=1
where: |, = outflow load (mg)
Vi out = VOolume between samples i and i-1

Ciout = pollutant concentration at sampling interval i

N = total number of samples taken during simulation
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The load reduction is simply the difference between the inflow and outflow load expressed as a
percentage of the inflow load.

3.2 Performance targets

A number of state, territories, regions and municipalities stipulate performance targets for WSUD,
which often include biofiltration systems (e.g. Clause 56.07 of the Victoria Planning Provisions
prescribes target pollutant load reductions of 80, 45, and 45% for TSS, TN, and TP, respectively).
Where these exist, monitoring data should be compared against these targets.

In the absence of stipulated performance targets, outflow pollutant concentrations could be
compared to the ANZECC Guidelines for Fresh and Marine Water Quality; these guidelines provide
water quality targets for protection of aquatic ecosystems — the targets to use should be selected
according to the location of the biofilter and the state of the receiving water (e.g. slightly disturbed,
etc.). However, the reality is that, even using the best available technology, biofiltration systems will
not necessarily always be able to comply with these relatively strict guidelines. The local authority
may in this instance choose to rely on the national Load Reduction Targets provided in Chapter 7 of
Australian Runoff Quality (Wong, 2006).

Note: Comparison of simulation results to performance should be treated with caution. While this
methodology enables a more detailed assessment than occasional grab samples, it still provides only
a “snapshot” and doesn’t give detailed information about the overall performance of the
biofiltration system for the whole range of rain events it is subjected to.

4. CASE STUDY: SATURN CRESCENT, BRISBANE

The methodology for simulating a rain event was originally developed in order to monitor the
performance of a small biofiltration basin in McDowall, Queensland (Figure 1). This system was
retrofitted into the streetscape of a residential area in 2006 to treat road and roof runoff. The 20 m?
treatment area (2% of the impervious catchment area) contains a 400 mm deep sandy loam filter
media and a dense growth of Carex appressa and various Dianella species. The system has a
maximum ponding depth of 200 mm. Two perforated 100 mm diameter PVC underdrain pipes in the
underlying drainage layer (100 mm sand plus 200 mm gravel) convey the treated water to a side-
entry pit, which is connected to the existing storm drainage system.

This design storm for this system is a 3-month ARI with a duration of 15 minutes, which equates to a
volume of 3000 L. Semi-synthetic stormwater is prepared in five 600 L batches using mains water
supplied by a tanker, slurry and chemicals (Figure 2a, b and c, and see Practice Note 2 for further
details on semi-synthetic stormwater preparation). The target pollutant concentrations match
typical stormwater quality for Brisbane (Table 2). The semi-synthetic stormwater is stirred in the
tank using a kayak paddle during preparation and as the water is discharged to the biofilter (Figure
2d and e). It takes approximately 25 minutes to prepare and discharge the five batches to the
biofilter (Figure 2f and g). Outflow appears 20 — 25 minutes after the beginning of the simulation
(i.e., when the first batch of semi-synthetic stormwater is discharged to the biofilter). Flow is
measured every two minutes until the peak has passed (Figure 3). Water quality samples are
collected every 150 L (Figure 3). This equates to samples being collected every five minutes or so at

6
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the peak of the hydrograph, and extending to 50 minutes between samples by the 14th sample. At
this point, the simulation is finished for the day, however the stopwatch is left running as one final
flow measurement and water quality sample is collected on the following day (approximately 24
hours after the start of the simulation, Figure 3).

Figure 1. Biofiltration basin at Saturn Crescent, October 2006.

Water quality samples are collected from each of the five batches of semi-synthetic stormwater and
combined in equal portions to create a composite sample. The 15 outflow water quality samples are
analysed individually. Parameters that are analysed for include: TSS, TN, NO,, NH;, DON, PON, TP,
FRP, Cu, Cd, Pb and Zn. The following volumes are collected for each sample: 1 L for TSS, 250 mL for
TN/TP, 100 mL filtered for nutrient species and 100 mL for metals. The samples for nutrient species
are filtered immediately, and all samples are stored on ice until they can be delivered to the
analytical laboratory.

Table 2. Target pollutant concentrations for Saturn Crescent rain event simulations.

Pollutant Concentration (mg/L)
Total Suspended Solids (TSS) 150
Total Nitrogen (TN) 1.69
Nitrate/Nitrite (NO,) 0.59
Ammonia (NH3) 0.24

Dissolved Organic Nitrogen (DON) 0.47
Particulate Organic Nitrogen (PON)  0.39

Total Phosphorus (TP) 0.31
Copper (Cu) 0.05
Lead (Pb) 0.14
Zinc (Zn) 0.25
Cadmium (Cd) 0.0045
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Figure 2. Conducting a rain event simulation at the Saturn Crescent biofiltration system.
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Figure 3. Typical hydrograph for a rain event simulation at the Saturn Crescent biofiltration system showing
water quality sample collection times.
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Figure 1. Conceptual drawing of a biofiltration system illustrating stormwater flow pathways and subsurface

infrastructure.

Biofiltration systems (also known as biofilters, bioretention systems and rain gardens) are designed with the
primary intent of removing pollutants from stormwater before the water is discharged to the local waterway or
reused for other applications (e.g. irrigation). They are typically constructed as basins, trenches or tree pits
(Figure 1). Stormwater runoff generally enters the biofiltration system through a break in a standard road kerb
where it temporarily ponds on the surface before slowly filtering through the soil media. Treated stormwater is
then collected at the base of the biofiltration system via perforated pipes located within a gravel drainage layer
before being discharged to conventional stormwater pipes or collected for reuse. Note that, in some cases, the
drainage pipe is upturned to create a permanent pool of water, or submerged zone, in the bottom of the
biofiltration system. Conventional stormwater pipes also act as an overflow in most designs, taking flows that

exceed the design capacity of the biofiltration system.
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There are a number of maintenance activities that need to be carried out to ensure effective long-term function
of biofiltration systems. Table 1 provides example illustrations of maintenance issues while Table 2 outlines
inspection tasks, recommended frequencies and associated maintenance actions.

Table 1. Examples of issues requiring maintenance.
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Table 2. Inspection and maintenance tasks for biofiltration systems.
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Inspection Task

Frequency

Comment

Maintenance Action

FILTER MEDIA

Check for sediment deposition

3 monthly, after rain

Blocking of inlets and filter media reduces treatment
capacity.

Remove sediment from inlets, forebays and other pre-treatment measures, and the
surface of biofiltration street trees

Check for holes, erosion or scour

3 monthly, after rain

Holes, erosion and scour can be a sign of excessive inflow
velocities due to poor inflow control or inadequate
provision for bypass of high flows.

Infill any holes, repair erosion and scour

Provide/augment energy dissipation (e.g. rocks and pebbles at inlet)
Reconfigure inlet to bypass high flows

Relocate inlet

Inspect for the build-up of oily or clayey
sediment on the surface of the filter media

3 monthly, after rain

Reduced surface porosity reduces treatment capacity.

Clear away any mulch on the surface and lightly rake over the surface of the filter
media between plants

Check for litter in and around treatment areas

3 monthly, after rain

Flow paths and infiltration through the filter media may be
hindered.

Remove both organic and anthropogenic litter

HORTICULTURAL

Assess plants for disease or pest infection

3 monthly, or as desired for
aesthetics

Treat or replace as necessary

Check plants for signs of stunted growth or
die off

3 monthly, or as desired for
aesthetics

Poor plant health can be a sign of too much or too little
water, or poor flow control.

Check inlet and overflow levels are correct and reset as required

For too much water:

OR

Replace plants with species more tolerant of wet conditions

Replace filter media with that of a higher infiltration capacity

For too little water:

OR

Consider installing a choke on the outlet

Replant with species more tolerant of dry conditions

Check that original plant densities are
maintained

3 monthly, or as desired for
aesthetics

Plants are essential for pollutant removal and maintaining
drainage capacity. Plants should be close enough that
their roots touch each other; 6 — 10 plants/m? is generally
adequate. A high plant density also helps prevent ingress
of weeds.

Carry out infill planting as required — plants should be evenly spaced to help prevent
scouring due to a concentration of flow

Check for presence of weeds

3 monthly, or as desired for
aesthetics

Weeds can reduce aesthetics and treatment capacity
because some plants are more effective at pollutant
removal than others.

Manually remove weeds where possible — where this is not feasible, spot spray weeds
with a herbicide appropriate for use near waterways

DRAINAGE

Check that underdrain is not blocked with
sediment or roots

6 monthly, after rain

Filter media and plants can become waterlogged if the
underdrain is choked or blocked. Remote camera (CCTV)
inspection of pipelines could be useful.

Clear underdrain as required using a pipe snake or water jet
Water jets should be used with care in perforated pipes

Check that the water level in the submerged
zone (if applicable) is at the design level

6 monthly, after rain

Drawdown during dry periods is expected.

Check outflow level is correct and reset as required

Check that inflow areas, weirs and grates over
pits are clear of litter and debris and in good
and safe condition.

Monthly, and occasionally
after rain

A blocked grate or inlet would cause nuisance flooding.

Replace dislodged or damaged pit covers as required
Remove sediment from pits and entry sites (likely to be an irregular occurrence in
mature catchments)

OTHER

Observe biofiltration system after a rainfall
event to check drainage

Twice a year, after rain

Ponding on the filter media surface for more than a few
hours after rain is a sign of poor drainage

Check catchment land use and assess whether it has altered from design capacity (e.g.
unusually high sediment loads may require installation of a sediment forebay)
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