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The following document is prepared by timet for profit Centre for Organic Research & Education Inc., (CtORE)

support the CORE filtration media specificatighanexure 1) Thevalidation report contains results from a sample

of the rigorousscientific studies that underpin th e ORE fcificatiors. Validation is carried out on materials in lbca
jurisdictions with currently @ materials having beeextensivelystudied. Thematerialvalidation manufacturing and
supplysystemcharacteristis of the CORRuthenticationprocess can ensure that consistent bio filtration media
LISNF2NXYIFYyOS OFly 6S NBfASR dzLl2y Ay |y@& 2dz2NARARAOGAZ2Y (2
formulation configuration.COREnedia systems arsuitablefor usein vegetated anchon-vegeated applications
includingstormwater,trade waste water and secondary treated effluent.

2 KFGQa GKS RAFTFSNBYOS 06SiG6SSy YSRAIF aeaidsSvyak
The fundamental difference between media systems (e.g. FAWB/ CRCWGSORErganic Media) is the higher organic
matter and material nutrient content characteristics of organic meBigctitionerconcerns about environmental
consequences diigher organic content (e.g. leaching), the use of recycled materials and the variabte oftnedia

from excavated natural soil deposits means that material characterisation, performance analysis and quality control

systems must be validated to ensurdiablesystemperformance The CORIEElassificatiorsystemidentifiesintrinsic
materialcharacteristics that enable functional consistencgathvalidatedY | y dzF I O (i dzKdBruEians Y SR A |

TheCRC for Water Sensitive Citieswg/ 2 { / 0 LJdzof AAKSR &! R2LJiA2Y DdzZA RSt Ay Sa 7
SaaSyiaAal f statd$hatkoFits §stamEilfrafidd dnedia formulations must not exceed 5% organic matter
content and that the nitrogen content of materials must not exceed 1000 mg/kg, otherwise significant leaching will result.

/ hwoQa wmn &SFNI NBASIFNOK LINRPIANFY KFa |yl feéaseauyhlingD08RA TT
Lucas et alR012,2014,2016) confirm that there are those organic materials that display high leaching characteristics

(e.g. labileorganic matter). However significant leaching is not characteristic for many,otioee stableorganic

materials. CORE studies have shown that some leachate caypaaperties that benefit plant establishment and growth

Research cited in the FAWB sffieations (Bratieres et al, Hatt et a2008) that provides the basis for the conclusions on
organic matter leaching behaviour is incomplete as the intrinsic characteristics of the type of organic matter studied is not
identified. Neither was the compadton of the leachate fully studiedTherefore there are no descriptors for

manufacturers to select or analyse the 5% organic matter fraction required by the CRCWSC/FAWB specilib&ions.

lack of clarityhas led to variable performance resuétsd sone system failurebeing observed in the marketith

CRCWSEAWSB specification mediatnce the expressed need of theoBnwater Quality ImprovementDevice (SQID)

sector for a validation systesrfior natural systems.

Since the publication of thERCWSC Adoption Guidelines Specification in September 2015, the CRCWSC have publically
acknowledged that other filter media systems with higher organic content could perform as well as the CRC/FAWB
specification and that organic and nitrogen content do netessarily lead to leaching.

The CRCWSC acknowledgment is based on conci@iRE&Eesearch data demonstrating that high organic (up to 65%)

and nitrogen content material®yer 1000 mg/kg) can be comparable in leaching behaviour and performance tiupi®
meeting the FAWB/CRCWSC specification. Organic media manufactured to the CORE Specifications, using a significant
percentage of recycled material and higher organic content, are at &smsparablein performance, quality and value.

Validation studies

Studies and analysis in the following examples includevétidlationprocess appliedo a range of organicomponents

and reference media formulatiorendto a product(M165)supplied to the FAWBRCWSE€pecification. The results
show that effective results can be achieved by the FAWB specificatierial studiedn all performance areas. However
there can be significant varied performance between different manufacturers. Research has identifiddiféinant
materials can perform in significantly different ways (Lucas, 20024, 201punder different water quality scenarios
CORE validatioran ensure that the components used are fit for the performance purpose required.
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The following example grovided to demonstrate typical results from materials that have successfully met the
requirements of thevalidationprocess.The examplsare based orresults from proprietary products provided by
manufacturers of bio filter materials and formulatisthat have been through the process and been grantelidation
status. Materialsfrom various jurisdictions in Australia and overshase beerthrough thevalidationprocess.Product
names have been coded to protect the confidentiality dRdf theindividual manufacturers consistent with the
requirements of the Australian Research Council Code for the Responsible Conduct of Research.

Thevalidationprocess results from over 10 years of independent longitudinal research including studies by Wnafersit
Newcastle (UoN), University of Technology Sydney, University of NSW and Melbourne Univemsitjeacmhsultation

with manufacturers and end users in the public and private sectBesultant methods and processes underpin the

various CORE SpecificA 2y a TFT2NJ 60A2 FAfGONI A2y YSRAI aeadtsSvya FyR F2
process.A methodology synopsis is provided as an annexure to this report.

The intention of this report is to publish theerformance results of the filter mediakidated to the CORE systesm that
subsequent specifications can be incorporated into sustainable procurement practinsstent with the Local
Government Acaindincluded inprofessional training programaith the aim toincrease the use of recycled tegials in
bio filtration systems.

Validationresults fromthe testingof materialsto a repeatableprocess Analysisfocuseson results fromwaters with high
and low, conservative and nesonservative pollutant concentrations. While other more specific material tests are
conducted during thevalidationprocess the primary performance factors in this report focus on:

1 Pollutant removal efficacy.

1 Hydraulic conductivity including PSD analysis.
1 Life span prediction.

1 Leaching behaviour.

1 Surface vegetation integrity.

Validation Process description

An expert inspection of potential organic and rorganic materials is conducted angpema facecase established for
material suitability. Observably unsuitable materials are rejected at this point. Preference is given to materials of
recycled origin.

The materialalidationsystem commences with baseline laboratory analysis where some mat@rgatdiminated due

to ineffective performance attributes or unacceptable characteristics such asurigesirabldeacling behaviour This

is identified in elemental and characterisation analyses. Numerous studies have resulted in the development of a
classification system that enablesaterialshomogenisation based on analyses of desired inherent attributes and
alignment of relative characteristics. Effective materials are categorised according to homogenised characteristics
before testing begins on thperformance efficacy of these in reference formulation media.

Relationships are established between specific characteristics and the resultant performance attributes of each
YEGSNRALIE YR NBFSNBYyOS T2 NkdzZ I (A @opretaryforiulaions3o/be taiforB & dzo a
for the specific performance requirements of particular systems. The result is a validation system methodology that
ensures that the components and formulations used in a filter media design are of dependable gunaliy,

performance within an acceptable range and fit for purpose. Subsequently manufacturing warranties can be offered.

Manufacturing to the CORE Specifications can be achieved by any filter media manufactursuitsbig(validated

proprietary ingrelients and formulations COREpecifications contain the elements that are considered essential for bio
filtration manufacturing to the system, however ti@ecifications do not constitute the entire spectrum of studies

examined in thevalidationprocess.CORE onlyalidatesthose materials, formulations and individual manufacturers that

have formally completed the entirealidationprocess.a | y dzF I OG dzZNENE Q LINBLINA SO NB Y 4GS
within specified operational and performance parameters tovhédated.

The following report provides data from materials and formulations that learmpletedthe validationprocess. A
databank of over 40 Australian and International materials and formulai®ineing progressivelyonstructed

Page3 Document ID61904V4



coré

Centre for Organic
Research & Education

1. MATERIAL CHARACTERISTICS

Table 1 identifiegxamples otharacterisatioranalysisconducted on component materiagsibmittedfor validation
Data sets are shown fograded sand; categorised carbon materials {R@TL, 2 &3); andsamplesof
CRCWSC/FAWB aB8ORE Specificatidteferencd~ormulationgRFM1 & RFM2) made from tbeategorised
components These data aresed toidentify characteristisrequired to meetCORBr CRCWSC/FAV#pecifications

Tablel identifiesCORE Specificatid@s$milaritywith M165 (FAWB/CRCWSC sprdifiltration rate (K.). The table
alsoidentifiesmedia characteristics thabfluencetreatment and vegetatiorperformance

Table 1¢ Sample naterial characteristics comparisons

Test Parameter gs.ig(r)igtion ,I\?A:ftg:zadnce Units ESB Egtz Egtl S;Ccifd /C Fi(\:NV\éS RFM1 | RFM2
pH (1:5 in H20) Electrode R&L 4A2 | pHunits | 7.76 7.87 9.23 [7.72 |[6.8 8.29 |[7.74
pH (1:5in CaCl2) Electrode R&L4B2 | pH units | 7.18 7.31 8.15 | 6.74 | 6.38 745 |7.28
Chloride Soluble Electrode PMS05 mg/kg 2810 [ 3030 | 1585 | 4.6 212 310 362
Electrical Conductivity Electrode R&L 3A1 | dS/m 1.93 2.1 1.86 | 0.02 |0.3 0.54 |[0.36
Total N (LECO) LECO R&L 7A5 | mg/kg 13350 | 14590 | 6870 | 82.2 | 235 1624 | 1745
Extractable NitrateN H20/U\WVis PMS08 mg/kg 50.7 52.9 234 | 4.4 4.28 10 9.4
Organic Carbon (LECO) | LECO R&L 6B3 | % 32 36.5 5.9 0.11 |04 3.11 2.01
Total CarborfLECO) LECO R&L 6B2al % 31.7 36.9 61.1 [ 0.12 | 0.36 488 |5.27
Phosphorus Buffer Index| U\-Vis PMS12 mg/kg 127 136 460 | 20.7 |435 37.5 21.5
Phosphorus (Colwell) Bicarb/UWis | R&L 9B1 | mg/kg 316 322 99.3 | 7.72 | 10.9 452 | 38
ECEC Calculation PMS15A1| Cmol/kg | 72.7 74.4 266 [1.32 |[3.72 14.89 | 16.2
Ca/Mg Ratio Calculation PMS15A1| Cmol/kg | 4.4 4.2 17.8 | 6.92 | 3.56 8.18 |5.24
K/Mg Ratio Calculation PMS15A1| Cmol/kg | 1.97 2.04 6.29 [ 0.30 | 0.67 494 ]0.87
Air-dried Moisture AS4419 UoN % 27.80 | 33.29 | 9 2 8 10 13
Moisture Holding Capacity AS4419 UoN % 66 62 52 19 22 33 33
Bulk density AS4419 UoN kg/m3 550 550 210 | 1520 | 1180 1100 | 1100
Ksat CLE UoN mm/hr 720 1400 | 105 | 2100 | 840 840 840

K SOl THE TOM FARRELL INSTITUTE

Analysisncludes Effective Cation Exchange Capacity (ECEC) which measures the ability to hold on to contaminants
and plant growth factors such as Phosphorous Buffer (Retention) Index and Cation Ratio analgsispbethe
GAYGSINRGE 27T ECEDKFlsSthanB S Adicativelohl@vsdil ferfiyal, 2014)

Particle size analysfse.g. Figure Als carried out for a number of purpose®Vith reactiveorganicmedia retention
time is a factor in treatment efficiency. The CCHé&cificationidentifies a Hydraulic Conductivitys(K of <300mm
per hour. This figure is based on research results showing that this provides a retention time condumpgriom
treatment outcomesand prevents superfluous pondindable 1 shows identic#l,, for CRCWSC and CORE
specifications.

However one of the advantages wmediaengineering is that media formulations can be configured at various
conductivities either higher or lower than 300 mm per houfavourable pollutant removal results are observed for
higher K. For example some installatioesll for media for use witbombined sewer and stormwater systems where
guantity management is a fact@nd higher Kis required. Validationsystem testiig can identify performance at
various rates of conductivity. Conductivity can also affect lifespan (see figure 3 pp8).
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2. PERFORMANCE

Table Zdentifies results from column leaching experiments showarmgoval performanceising typicatonservative
stormwater pollutants. The table compares the removatdtals (Cu, Pb, Zn) by t@ORE SpecificatiofRFM1 & 2)
and FAWB/CRCWSpecification It should be noted that the results are based on reacoleamical)processes
without the influence of plant uptaker biological factors Consequently theffect of vegetationand biologywould
be expected to yield higheemovd reailts. Previousstudieshave beerfocussed on low organic soils so are not
considered reliable indicators of effeata these factorgrom higher organic formulations. Futu@ORHeld studies
are being designed to quantifyerformanceeffectsof improved vegetation integrity on treatnmé performance.

Table 2¢ Sample dicacy testing

Pollutant Influent Effluent % Renoval
(Ho/L)
Stormwater| CRCFAWB RFM1 RFM2 | CROFAWB RFM1 RFM2
Copper 162 4.2 7.2 6.4 97 96 96
Lead 0.4 0.4 <0.2 <0.2 0 >50 >50
Zinc 138 17 5 4 88 96 97

[ THE TOM FARRELL INSTITUTE

Figures 1 & 2 identify results over a range of common pollutants from an independent field study conolusda

(now Sydney Wateih early 1999.Notethe high concentrations of metals and hydrocarbons which are not covered

in many of the Australiatreatment requirements omodelling programs.

Water Quality Improvement Water Quality Improvement
500 4
400
300 =
200 2
100
= N 1 l
Zn Pb Cu | Turb | SS 0 : < -
ug/L | ug/L | ug/L ntu mg/L N mg/L P mg/L PAH ug/L
| Inflow | 276 133 75 448 291 B Inflow 1.97 0.264 3.7
Outflow| 6 il 42 50 Outflow 1.08 0.057 0.6

Figures 1 & Z; Field results
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2.1Performance modelling; TSS & Nutrients

¢ KS dza S-dzRJT (i KinftH2 81&dél for UrbarStormwaterimprovement ConceptualisatiohUSIGfor bio-
retention nodess primarilybased on the FAWB specificatiorhis hasreated an algorithmic bias against high
nutrient contentmaterialirrespective of its actual leaching behavioltowever sing actualCORE Specifications
performance datdrom reference formulation§RFM1, RFMZroducesreasonabé treatmentresults Nevertheless
CORE Specificatiopsrformanceis expected tde greater thanthat indicatedin the MUSIGnodel.

The relationship between filter mediaial Nitrogen and @hophosphde content and treatment performance may

be based on thénconclusive assumption K & FAf 6 SNJ YSRAI 6AGK 2NBAFYAO YI G4SN
nutrients. Examples in this report arsfudiesby Al-Mashagbeh, Qet al (2007) have demonstratetis isnot

necessarilfhe caseThe following section elaborates and identiftemy the CORBrganic medicBpecificationgan

be modelled in MUSIC v6 tepresentequivalent treatment performance compared to FAWB

From MUSIW®6:

G ¢ KS &S apprapiiatek vind £ values for modelling the removal of Total Nitrogen cannot easily follow the

procedure applied for TSS and TP. The composition of particulate and soluble forms of N in stormwater is highly

varied. There is significantly smaller partatel fraction of TN compared with TP, and even that fraction is associated

with organic particles which have significantly lower specific gravities than sediment. Calibrated k values for TN in
wastewater systems indicate significantly lower values (as madiwvo orders of magnitude) compared with TP and

TSS. The default k and C* values for TN are thus based on very limited data. There is an expectation that the k values
are likely to be an order of magnitude lower than corresponding values for TP, antldhratios of C* to inflow

9pSyiG aSly [/ 2yOSyGNYrGAz2zy 69a/0 FINB fA1Ste G2 0SS KAIKSN

Therefore, the nature ofeferenceformulations comprisingofp /£ 'y R c¢cp2 a2NBIF YA O YI GGSNE
peak that rapidly subsides back takle levels, means that changes in k and C* need investigaBetfection of k

and C* were based on Bietention Systems (Table 5MUSIC& ! LILJISY RAE DY { St SOGAyYy3a | LILINE
+ | £ dz®@ &imhple®ensitivity analysis was undertaken on three aes (changes in k and C*) and are described in

Table3 below. MUSIC v6 results (% reduction) are presented in able

Table 3- Changing k and C* in MUSIC v6 (sensitivity analysis inputs)

TSS TP TN
Bio-retention Systems K C* k C* K C*
LOW 4,000 10 3,000 0.08 250 11
Default 8,000 20 6,000 0.13 500 14
HIGH 15,000 30 12,000 0.18 1,000 1.7

Sensitivity analysis shows that the FAWB Specification product was relatively unchanged with significant changes in k
and C* and is likely a function of the fact that most research and development of the CRC Biofiltration Guidelines
(Payneet al, 2015) hae used sandy loam (FAWB) as their filter mediawever, RFM1 and RFM2 (reference
formulations) were highly sensitive to changes in k and C* with respect to TN (difference in treatment performance

of 16.9 % and 19 % respectively). Results from this $tadg demonstrated that RFM1 and RFM2 are comparable

filter media to FAWB in terms of pollutant removal and treatment performance yet this performance is not captured

in MUSIC v6.

This is explained by the fact that the treatment performance dataisgowerne & 'y SEGSyaAr @S af 221
determines outflow concentrations and/or removal rates for TSS, TP and TN and takes into account all important
characteristics of the biNS G Sy A2y &aeadSY yR AdGa&a 2LISNI (A yékterBigey RAGA 2 Y
research and observations however the FAWB (sandy loam) Specification has been the preferred choice in most of

the research over the past 10 years.
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Table4 - Comparison using MUSIC modelling of pollutant treatment

% Reduction

CRCFAWB LOW Default HIGH Difference
Flow (ML/yr) 5.3 5.3 5.3 0
Total Suspende8olids (kg/yr) 94.5 95.8 96.5 2
Total Phosphorus (kg/yr) 90 90.5 90.6 0.6
Total Nitrogen (kg/yr) 72.3 72.7 73.1 0.8
Gross Pollutants (kg/yr) 100 100 100 0
RAM1 LOW Default HIGH Difference
Flow (ML/yr) 5.3 5.3 5.3 0
Total Suspended Solids (kg/yr) 94.6 95.6 95.5 0.9
Total Phosphorus (kg/yr) 83.4 84.1 86 2.6
Total Nitrogen (kg/yr) 52.6 55.5 69.5 16.9
Gross Pollutants (kg/yr) 100 100 100 0
RAVI2 LOW Default HIGH Difference
Flow (ML/yr) 5.3 5.3 5.3 0
Total Suspended Solids (kg/yr) 94.2 95.3 95.6 1.4
Total Phosphorus (kg/yr) 77.3 77.9 79.7 2.4
Total Nitrogen (kg/yr) 47.6 50.2 66.6 19
Gross Pollutants (kg/yr) 100 100 100 0

¢ KS aSy3aiySSNRBRandRMIZdd HiNbn¥aiS Stghificant silt/clay content, as the exchange capacity is
provided by theselectedorganic matter (higher ECEC, refer TableTherefore, futurestudy maylook todevelop

dookup tablest & dzA 1 SR OCORE SpéHicataaseri@sBuch aRM1 andRM2, by monitoring flow and

G GSNI ljdzZt f AGe OAYTFE 26 | Yy RFuttaingré, 8inc@FVA and RABehavasimiafly3d NI A Yy
the FAWBSpecification productwith respect to nutrient leachinffigure 4)and pollutant emoval it makes sense to

dz&S aA YA I NJ &A Yy REABAIRME, 2., the sanie MalugsconeTaulluse for FAWB.

TreatmentNode:

As a result of the equivaléfeaching behaviour with FAWB/ CRCWSCGORE Specificatiotted ¢ b/ 2y G Sy G 2 F
CAf (0 6NIya SaR Ajletma@eNoded CA £ 0 SNI | YR Vaidbdle is to baNgitlal® B3EImy/&T able 1)

2.2Performance modelling Metals

Maintenance is a key factor in any Hitiration systemFigure A & | aONBSy akKz2dG 2F 2yS LJ 3S
Y2RSt oYl f {dzt dzanv &ALISOAFAOFLEt & RS@GSt2LISR G2 O t OdzA 4GS
Metals (conservative pollutants), not nutrients, determine the life span of a media.

Figgre3¢Samplea Y I f { dzf dzaé n Y2RSttAy3 2F O2yaSNBI G§A GBS LR

Step COPPER (Cu) RFM1 RFM2
1 mg per 150 g removed by DM 7.49 7.47
2 mg/kg removed by DM 50 50
3 mg/L/m2 in runoff 0.25
Raingarden example
4 Area (m2) 100
5 Depth (m) 0.5
6 Volume (m3) 50
7 BD (kg/m3) 1,100
8 Mass (kg) 55,000
9 Available Cu Store (mg) 2,747,800 |2,739,367
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Catchment Characteristics
10 Rainfall (mm/yr) 650
11 Catchment area (m2) 1,000
12 VVolume ofRunoff (L/yr) 650,000
13 Cu load (mg/yr) 162,500
14 Life Span (yrs) 16.9 16.9
Enter data into light blue cells
includes "Compaction Factor"|
(relates to Mass)
1500 mm/hr 10.1 10.1
1100 mm/hr 13.8 13.8
Test condition 900 mm/hr 16.9 16.9
850 mm/hr 17.9 17.8
800 mm/hr 19.0 19.0
750 mm/hr 20.3 20.2
450 mm/hr 23.7 23.6
Test condition 300 mm/hr 25.4 25.3
100 mm/hr 28.7 28.7

Data from the component and Filter Mediarmulationtesting is usedo calculate filter size or alternatively calculate
the lifespan where only a certain footprint size can be installed.

You will notice that with th€ ORE Specificatiolif@span can be increased by longer retention time using

compaction.

This model iswrrently under further development asspecificationdesign aid, enabled by funding contributions
from the Commonwealth Government.

2.3Performance modelling; Leaching

Figure 4 shows results from UoN leaching studies of comporiB@sCat 1, 2 &2)nd referencdormulations(FAWB,
RAVI1 & RFM3J. TheCORE Specificatioaference formulisation§ E K A 6 A (i
formulations RFM1& RFM2comparedto M165 (FAWB/CRCWSC) and both stabilise relatively quickly.
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Figure 4¢ Sample omparison of leaching behaviour
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Tap water eluéd through all materials resulta leaching of cation/anions (as increasing.EByvever all materials,

except washed sand arRRiO Cat Iproduce a relatively high peak before returning near to initial tap water EC (at

around 1.4 L). Washed sand did not produce a peak (low ECEC, no cations/anions to be IB&iu=d)tlisplayed
alongNJ 6SidAy3a GAYSET KSyOS (GKS oONBFIRySaa 27 2b6uS/cnd LIST | ¢
Due tolow wettability properties it takes time for th&®O Cat 1o become fully wetted and start leaching salts, and

the leaching curve (Figudy exhibits that delay. Due to the relatively low,4105 mm/hr, see Table 2RO Cat did

not leach all exchangeable cations/anions over 2 L of tap water applicatiimmaterial has other valuable

properties (refer tablel)hat contribute to performance efficiencyThese factorgleterminethe variable

proportions used irengineeringmedia formulationdor specific systems.

Washed sand had a low ECEC (1.32 Cmol/kg, refer Tjalerefore had minimal leaching (see FigdyeWashed
sand had the highest, indicatingthe lowest residence time howev@otential exchange sites for pollutant
removal arevery low (low ECEC).

The difference in the EC peak betwde® Cat 1 & RO C3t\W&as due to K, where the RCCat 1had a lower I,
hence a longer residence time, which resulted in a higher leaching peak (BjgBeth RCGCatmaterials had the
highest ECEC (~ 73 Cmol/kg, refer Table 2) indicatingathiéty to remowe pollutants.

FAWB (M165RM1 andRAM2 all hadsimilar K4 values (similar residence time in the columns) howdREM1 and
RFM2both have significantly more exchange sites than FAWB for pollutant removal (higher ECEC). The higher
leaching peak foRFM1 and RFM2pidly subsided and after 2 L of taater and the EC of the eluted tap water
was similar to FAWB at the same stage.

Change in pH is shown in FigteANZECC (2000) guideline trigger values for aquatic ecosystems (SE Australia)
range from 6.5; 8.5 and all materials achieved this exceptnponent materiaRO Cat {high pH).Results indicate
that discharge fronuse in engineeretbrmulations from a raingarden for example, would be within the desired pH
range.

RFM 2 reference formulation has an organic content of 65%. This was useg@&imental design purposes and is
not expected to be used in field formulations. However it is interesting to note pH and leaching remained within
acceptable parameters (ANZECC) even atifgislevel of organic content

9
- = pHRO Ca8 = = pHRO Ca?
8.8 = = pHWashed Sand == pHROCat1l
,’ \\ pHFAWB ~= pHRFM1
8.6 / \ === pHRFM 2
8.4
8.2
< 8
7.8
7.6
"I ———————— :;-_—-_—__—-_—.r.r-.r.r.r'_r.r-.r-_r-.l—.l-.r.r_l-.
7.4 g S e 0
' o
7.2 47
7
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2

Litres
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Figure5 ¢ SampleChangein pHbased on applied volume
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Research undertaken byicLaughlan (208) also demonstrated the contaminant leachingefycledorganics and
concluded

1. Long term studies have shown that the level of inorganic nitrogen releasedré&oyaledorganics
amendmentis similar or less than soil;

2. Continuous flushing of theecycled organicamendment with water caused leaching of nitrogen,
phosphorous and carbanowever the rate of leaching declined rapidly to stable values;

3. The amount of nutrients released from stormwater treatment devices usdngcled organicamendment is
expected to be under the limits required for agricultural application and national veptality guidelines.

3. SUMMARY OF MATERIALS ANALYSIS

Table4 summarisesesults of organic and nearganic components and media formulation§his section also includes an
analysis of comparative results.

Table 4 ¢ Summary of corparative analysis

RO- RO- RO- Washed

CRC Biofiltration Objective Cat 3 Cat 2 Catl Sand MI65 | RFMI | RFM2
Material Engineered soil/sand NA NA NA A V \ \
Hydraulic Conductivity 100 - 300 mmy/hr V l + A v A A
Clay & Silt content <3% \.l' V \ o 7 + \
Grading of particles 0.05- 2.4 mm sieve size MNA NA NA 3 v + A
Mutrient content TN < 1000 mg/kg 13350 14590 6370 82 235 1624 "1?45

Extractable Mitrate (No limit?) 50.7 529 2.34 4.4 4.28 10 9.4

Available P (Colwell) < 80 mg/kg 316 322 a9 8 11 45 38
Organic matter Minimum content £ 5% 100 100 100 0.1 0.4 40 50
Organic carbon 7 32 36.5 5.9 0.11 0.4 3.11 2.01
Total carbon 7 31.7 36.9 61.1 0.12 0.36 4.88 5.27
pH(1:5in H,0) 55-75 7.76 1.87 9.23 7.72 6.80 829 7.74
Electrical Conductivity <1.2d5/m 193 2.1 1.86 0.02 0.3 0.54 0.36
Horticultural suitability To be assessed by horticulturist MNA NA MNA NA V A A
Particle Size Distribution fine sand (10-30%) NA NA NA A \f \ \
Depth 400 - 600 mm or deeper NA NA NA + A A A
Once-off nutrient amelioration |Added to top 100 mm MNA NA MA Yes Yes No No
Submerged Zone High HC or shallow depth NA NA NA W v \ W

K SIll THE TOM FARRELL INSTITUTE

Material

RO Cat 1 2& 3) arecomponentmaterials and consequentire not considered as engineerededia Washed sand,
M165/FAWBRFM. andRFM2(Reference Formulation Mediaan be considered as engineenerbdiaand satisfylCRC
Guideline requirements.

Hydraulic Conductivity

All materials can be compacted to achieve desired hydraulic conductvfiyrmulation based orRFM1was tested
under BS1377 (Part 5) which resulted in a saturated hydraulic conductiyjyofi< 300 mm/hr. Thislevelisusedin
the CORE Specificatiand is alsavithin the CR®/SGGuideline requiremers

Clay and silt content

All materials contained < 3 % clay content and satisfy CRC Guideline requiremeaSORE Specification cites
Emerson class 8 whidignifiesno dispersion.

Grading of particles

ROCat 1 2& 3 (component3 have a wider (and higher) range of particle sizes that exceeded\(FGuideline
requirements. Greater than 95 % of particle sizes in the washed sand, FAVBandRFM2(formulations)were
within Guidelines (0.0§ 3.4 mm) and areonsideredsatisfactory for use in raingardens.
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Nutrient content

ROCat 1 2 & 3 (componentsontain TN that far exceeds CRC Guideline requirements (> 1000 mg/kg). Washed sand

and /FAWB are well below the CRSGGuideline requirement and, since thian betoo low to sustain plant growth,

potassium nitrate and superphosphatee suggesteaddtivesto FAWB (at 300g/m3RA1 andRFM2(formulations)

exceeded the CRZSOGudeline requirement however thealues modelled in MUSIC w6Table 4emonstrate the

suitability of RFM1 and RFM&s filter media in raingardenROCat 12& 302y G Ay 2 NI K2 LK 2 a LK (S
phosphorous as Colwell P in Table 2) that exceed¥WSRGuideline requirements (80 mg/kg). Washed sand,

FAWBRO Cat 1 & @ere all within Guidelined Y KSNByYy i GSEOKIy3ISI o6f Sé¢ ydziNASyid 02
providing valuable nutrients during plant establishment and growth and avoid the use of chemical fertilisers.

Organic matter

ROCat 1 2& 3 (componentsiareall 100% organic matter and do not satisfy @TGuideline requirementsRFM1

and RFMZformulations)were 50% and 65% organic matter respectively and washed sand and FAWB had minimal
organic matter (0.1 % and 0.4 % respectively)X A & NXB|j dzA NBY Sy i hésoleephe'subjecNd | y A O Y I
contentiondue to claims of excess leaching of nutrienttoweverit has recentijbeenacknowledgedhat thisnot

always correct

G¢CKSNBE YI& 0SS a2Aft 6AGK KAIKSNI 2NHIYAO O2ydGSyd GKIFG GK
also acknowledged that organic matter content does not hadeect link to nutrient leachingg CRCWSQ015
pH (1:5 in water)

The pH values in the CRISGGuidelines essential specifications prescribe a value of 5.5 to 7.5. The RFM materials
ranged from 6.8 (FAWB) to 9R@ Cat L It should be noted that pH of componentan bebuffered by adjusting
mediaformulations accordingly or adding materials with pH buffering characteristicsqalguum) if required. The pH
is within ANZECC guidelines for botiganic media feference fomulations (RFM1 & 2).

Electrical conductivity (EC, 1:5 in water)

ROCat 1 2& 3 (componentsexceeded CRC guideline values (> 1.2 dS/m). Washed sand, REAM/Band RFM2
were within CR@&/SGGuidelines (< 1.2 dS/m) and arensideredsatisfactory for usén raingardens.

Horticultural suitability

RFM1 and RFM2ormulations)have been deemed as appropriate for use in raingardens based on the data irlTable
Note thatthe FAWBSpecification allows faan initial addition of fertilizer at a rate of 300 g7r’m compensate for the

low inherent nutrient levels.Horticultural ratios are included in the CORE Specificatioresaribemedia

characteristics that areonsideredmportant during growth and development gkgetation.

Particle size distribution

The CR&WSQGuideline states that the filter media should begB0% fine sand. FAWRBFM1 and RFM2anged
between 30¢ 35% fine sand and satisfy CRC Guideline requirements. Final miiFMdrand RFMz2ave particles
over the size range prescribed in the CRC &imes. However no negative performance consequerecesdentified.

Depth

Washed sand, FAWBRFM1 and RFM&an be used for the CRC Guideline requirement for depth.
hyOSnm2FF ydziNASY(d I YSEA2NI GAZ2Y

Not required forRFM1 and RFM2owever FAWBnayneed amelioation.

Submerged zone

Washed sand, FAWBFM1 and RFM&an beengineeredo increase or decrease hydraulic conductivity (depending
on compaction) to satisfy the CRC Guideline requirement.
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Conclusions

The design mix formulations RFM1 and RFM2 appear to be an acceptaiparablemedia to FAWB for use in
raingardens.

Datapresentedin this reportad dzLJLI2 NIl a G KS / w/ 2 { /| Gi@herdo@ani¢Lcontes Ranths el G K I G
specified (inthe FAWB/ w/ JdzA RSt Ay Sa0 R2y Qi ySOSaal NRt& € SFOK ydziN
2NEHFYAO YIGGSNI O2yiSyidi R2Sa y20 (TonyWengCRCWBS || RANBOG f

The nutrient content of th&CORE Specificationemponent maerials can eliminate the need for application of
fertilisers and/or mulches for plant establishment. The horticultural properties o2O&RE Specificatioalsoenable
a wider range of plant species to be growrhis includes local species resultingower maintenance cost and
enhanced plant health and survival.

The mediassystemmethods and customisation capabilitietbe CORE Specificatioaaableengineering of
component formulations to achieve the performance objectives of the applcsystems This includesarying
hydraulic conductivity to accommodate wigtanging flow rate variations for high and low flow performance
requirements.Previous studies (McLauglin et al, 2008) show no deterioration in conductivity ¢gsienaated)30
year period in organic media.

4. QUALITY ASSURANCE

QA isconsideredmore than just producing a test certificate showing media compliance with physical properties.
CORE Specificatio(ettached are validatedconsistent with research findings adistralian Standards Guidelines
(AS4454, AS 4419). Strict Manufacturing QA guidelingagected as part of thealidationprocess toensure
consistent performanceConsequently statutory warranties can be provided by manufactur@perational
Spediications are also developed for usage and installabiohare generally consistent with CRC/FA@VRIelines

5. INTEGRITY OF SURFACE VEGETATION COMMUNITY

CRCWSC acknowledgemehthe suitability of other media systems states that in addition to hydraulic and leaching
behaviour a mediaystemY dza i Sy S dNUIS INR S 8d 2 T & dzNF I Oifani@Bedlis detindez y 02 Y'Y
CORE Specificatioasz a new generation of media #t achieve best practice pollutant removal aexhibit

advantageouplant growthproperties Leaching composition shows beneficial properties for plant establishment.

TheCORE Specificationgganic medidnasinherentsystem propertiespecifically designefibr vegetationhealth
resulting inimprovedestablishment and longevityutcomeswhile lowering maintenance requirement$heintrinsic
horticultural propertiesalsoenabk a far wider variety of vegetation and plant species to bésgtilincludingplants
indigenous to specifigeographicajurisdictiors. This improves plant viability and lower attrition reduces
maintenance costs.

TheCORE Specificatimnganic medidncreases the integrity of plamstablishment growthand phytoremediation
throughincreasedoot mass developmentFigure6 shows the larger root mass of a plant grown in an organic media
compared to the root growth in a nonorganic soil. Larger root neassfacilitateimproved pollutant removal and
healthier, more resilient vegetation.

Figure6 - Comparison of root development in organic and nonganic formulations
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The followingpicturesshow some examplesf surface vegetatiomplant growth using th&€€CORE Specificatians

Picturesq Examples of vegetation integrity usingrganic media

Bio Retention Basin Harbour sideCar Park
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Annexurel
Specification LGEO1

Landscape Filter Media

DESCRIPTION:

Purpose designed for specifandscape, detention basin and rain garden applications, Landscape
Filter Media allows for the efficient infiltration and treatment of contaminated water-afinfrom

roads, car parks and other impermeable surfaces. The treated water can then be stdresl an

used for fit for purpose use such as landscaped areas irrigation. A wide range of plant species and
vegetation can be grown in Landscape Filter Media due to the high water retention capacity,
organic content and the material nutrient characteristics.

The following specifications are to be used in combination with accredited formulation technology
to achieve specific performance requirements. Filter formulations can be purpose designed based
on factors such as treatment requirements, hydrology, de\apglication and plant species used.
Product mixtures are to contain CORE accredited components which may izelide, recycled
carbon materials, perlite, zero valent iron, ash, sawdust, recycled organics, limestdne

microbial inoculants and cansal be produced in various grades and mixtures for transition and
drainage layers. Compaction, particle size selection and other properties can be engineered to
achieve specific hydraulic conductivity, life span and retention time requirements.

Specificaion for Landscape Filter Media LGE012

) . a. <300mm/hr €ompacted toAS1289.6.7.22001)

Hydraulic Conductivity () b. <900mm/hr(uncompacted)

pH (1:5 in KO) 6.510 8.0

Organic Carbon <5%

Wettability <5mm/m (AS4454)

Effective Cation Exchange Capacity >10 cmol/kg

Moisture content (air dried) > 10% < 50%

Inherent Retention Capacity > 25%

Toxicity > 60mm (AS4454)

EC < 1dS/m (AS4454)

Dispersion Emerson Class No 8

Leaching EC < 30@S/cmafter 350mm rainfall

Ponding Water fully drained from media 6 hours
o . a. Ca/Mg ratio>2:1

Vegetation integrity b. K/Mg ratio <1.5:1

© Centre for Organic Research & Education Inc. Subject to change without notice.
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Annexure2

Other CORE Specifications:

=

=A =4 =4 =4 -4 4 -4 -4 -8 -4

Pavement (non-structural grade)
Pavement I(structural grade)
Retaining Wall

Roof Garden (Standard Weight)
Roof Garden (Light Weight)
Planter Box

Sports Field (Standard Formulation)
Sports Field (High Performance)
Golf Course

Race Track

Leach Drain/ Industrial
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Annexure3

Synopsis okalidation methodologies.

Materials and Methods

The validation report is a culmination of research results from fundamental and original studies over a 10 year period.
The production of cogent data has often required the development of new and adapted research methodologies,
material characterisationpcesses and classification systems many of whicilmawecovered under international

patents. Experimental designs are based on simulating natural soil mechanisms and hydraulic processes to achieve
specific performance outcomes. In the interests of sumthle procurementpreference is always given to studies of
promising recycled materials.

Special acknowledgment is given to fundamental, independent research studies conducted by UTS, UNSW and
Melbourne University (McLaughlaRQ06- 2008) and originalvork by University of Newcastle (Lucasal, 2012

2016). This section is designed as a synopsis of the main methods and types of materials that apply to the data
presented in this report, and are used in the ongoing research programsadididtionproceses Several paper®gp
cit) have been written and published that can provide more detail if of interest.

Materials

CORE Research has already identified and classified a wide range of potential materials that could be used as
components in an organend nonorganicbio-filtration filter media formulation. Materials could include organic and
mineral materials includingeolite, activated carbon, selective recycled carbon materials, aggreggsperlite,

zero valent iron, limestone, pumice, forest residues, sawdust, peat, basalt, sand, recycled glass, titanate, soil & other
reactive materials. Each component matesialidatedby CORE is tested and classified according to its individual
characteristics and efficacy in achieving the desired functional requirements when these materials are combined into
performance based formulationsAn international data bak of materials characteristics is establishaedd growing

Batch tests

Batch tests are designed and used to identify the efficacy of prospective materials that could potentially be used in bio
filter formulations. Batch test are generally conducted at a soliéhiad ration of 1:%ased on previous studies

Selected stormwater runoff, industrial waste water and secondary treated effluent (STE) are used as the liquid
solutions and are chosen depending on the objective of the experiments. For example STE andlimdiste water

better enable removal results to be more clearly identified and measured for higher pollutant concentrations
compared to the lower contaminant concentrations in stormwater. Batch tests can be carried out on a number of
materials at onceand can quickly measure relative efficacy results at a lower cost and contribute to identifying poor
performing materials that can be ruled out prior to more extensive testing.

Column tests

Once suitable components are identified, indicative referencenfdationsmediaare designed. Column studies are
carried out on component materials and reference formulations under condtaatl and fallingnead conditions to
establish performance characteristics. Reference formulations include combinations of cagdmitineral materials

that are formulated based on batch test results, classification data, judgmental selection and/or snowball design. The
reference formulations are designed based on characteristics that would satisfy general requirements such as
hydraulic conductivity and pollutant removal performance.

The column studies are generally designed under different hydraulic ¢maditions(constant and falling) to

investigate the likelyn-situ performance of the engineered media. For example, column tests are an open system test
that indicate how a reference formulations would behave under high flow conditions (saturated, low residence time)
and low flow conditions (wsaturated, high residencime).
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Packing of the columns is based on volume. For each material or formulation, a column is packed with a known
volume of reference formulation and the height in the column is measured. Each column is gently tapped and shaken
to promote settling butho compaction is applied (except during retention studies). Column depth is then measured.
The appropriate test solution is then selected for the column tests.

From the unfiltered eluted sample emerging from the column, pH and electrical conductivitySE®) is carried out

using a calibrated Horiba pH/EC meter. Nutrient analysis includes Total Kjeldahl Nitrogen (TKN), Total Oxidisable
Nitrogen (TON), Total Phosphorous (TP), Total Nitrogen (calculated as TKN + TON). Metals analysis comprised of at
leastCa, Na, Mg, K, Cu, Pb, Zn and Cd. Total Suspended Solids (TSS) and Total Petroleum Hydrocarbons (TPH) are alsc
studied.

For constanthead conditions, a measured volumetric flask containing the selected liquid is slowly poured into the top
ofthecolumn. KSNB A& | LRAY(G 6KSNB (KS (2L 2F GKS O2ft dzyy 02y
quickly inverted and the spout submerged in the liquid above the reference formulations in the column. The

volumetric flask is clamped in place and thlild moves through the column under gravity.

The time taken for the liquid to be eluted through the column reflects the saturated hydraulic conductiytyp{khe
reference formulation and is determined by calculation (volume/time). The measured eadfifiquid is applied

under constanthead conditions to measure the equivalent millimetres of a rainfall event. For example 2.1 mm
rainfall depth and since the area of the column and applied liquid volume is known, an equivalent rainfall depth can
be calculated. If the area of a column is 0.0023®m ) then 1INGF liquid applied is equivalent to 420 mm of
rainfall (1L / 0.00238 ﬁ)u If 1L takes 1 hour to move through the column, then thgwould be 420 mm/hr.

After elution, any losses fro the liquid are deemed to reflect the inherent moisture retention capacity (MRC) of the
reference formulations and is calculated using mass by difference. For example, if 1L of liquid goes into the column
and 0.8L is eluted out of the column (when fredtgined), then the MRC equals 20 %.

For the fallinghead column tests on a reference formulation the liquid is placed in a measured reservoir with a small
tap fitted with a slowrelease valve that allows the liquid to drip into the column rather than fieely under
constanthead conditions. The reason for the fallihgad column test is to better mimic low and/or intermittent

rainfall conditions and increase residence time of the liquid in selected reference formulations.
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