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Executive summary

The Parramatta Riveris a heavily urbanised freshwater and estuarineriverin Sydney, Australia. The
River hasa long history of contamination, primarily related to urban and industrial activities, which
have taken place in the River’s catchment throughout the last two centuries. It is one of the most
modified waterways in Australia due to a highly urbanised catchmentand high population growth.

In 2014, analliance of councils, governmentagencies and community groups, the Parramatta River
Catchment Group (PRCG), establishe dthe mission to make the Riverswimmable by 2025. To inform
this planning, an integrated catchme nt-river modelling frameworkwasdeveloped to predictexpe ded
enterococcilevels at 16 proposed and existing swvimming sites along the River under a range of
policy and intervention scenarios. The modelling framework is a significant contribution to the
evidence-base thatunderpins the Masterplan, and providesan assessment of ‘swimmability’ with
respect to recreational water quality objectives. This contributesto the overall evidence-based
options from which preferred pathways to swimming site activation will be determined that also
considers ecosystem health, urban form and waterway access, and community values and
amenities.

Incorporating an integrated modelling approach in the development of the Masterplan willhelp guide
microbial water quality evaluationand target setting in orderto meet regulatory recreational water
guality objective s following a risk asse ssment approach asoutlinedin Dela-Cruzand Wearne, 2017.
Enterococciwere chosen asthe modelled indicator as this correlates to currentprimary recreation
risk assessment frameworks and is the current preferred indicator in recreational water quality
guidelines. The integrated modelling framework involve d sewer modelling, catch ment modelling and
hydrodynamicreceiving waterswater qualitymodeliing. Thisreportdocumentsthe data sources, the
model construction and calibration, and scenario modelling of ‘Business as Usual' (BAU) and
intervention sce narios.

In order to establish mitigation strategies for enterococci two ‘book end’ scenarios were assessed;
1) ‘Business as Usual’ (BAU) - population growth and land use change forecastsat 2025, and 2)
reduction of all wet-weather overflows to zero discharge to establish the relative impact between
point and diffuse sources of enterococci contamination. Mitigation scenarios explored:

« A combinationofmedium and high level stormwater interventions such asrainwatertanksand
raingardens,

* Restriction of domestic animal waste from waterways, and
+  Sewer overflowdischarge targets.

The integrated modeling demonstrated:

+ Thereisa significant microbial pollutionin the existing case, which presents a challenge to
achieving swimmability by 2025.

+ By 2025 enterococci loads will increase acrossthe majority ofthe catchmentunder current
management practices (or BAU).

* The majorsources of enterococci loads are from diffuse sources such as petwaste deposition
in residentialareas, an increase in imperviousness in new growth areas, as well as localised
wet we ather overflowinputs. However, the modelling would benéefit from further investigations
into characterisation of stormwater sources through field data collection activities, aswell as
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collection of localdata on petand bird numbers acrossthe catchmentto improve model
uncertainties.

+  Wetweatheroverflow volumes increase around 3% on average,and upto 48% in some sub
catchments with increasing population density and flows to the wastewater system

* In some areas where industrial or commercial land is converted to high density housing
imperviousness decreasesresulting in significantdecreasesin localised e nterococciloads.

+ Diffuse sources of enterococci estimated by the model contribute substantially more load to the
river (average catchmentcontribution of 70%) than wet we ather overflow sources.

*+ The modelled catchmentintervention options (both medium and high) arrest the trajectory of
BAU enterococci loads entering theriver, andin many cases improve on baseline conditions.

- A high level of catchment intervention (an inte nsive levelof stormwater intervention and strong
commu nity outre ach/ed ucation programs) cou pled with targeted ove rflows (the combined
scenario) performs the bestfor reducing enterococciconcentrationsin the river. Thisresultsin
areduction to the number of non-swimmable days across the majority of site s, although only
an additional week of swimmable conditionsis achieved.

* Targeting overflows further upstream of some sitesmayimprove swimmable conditionsby
an additional 2 weeks in a year.

«  The modelled intervention options did not improve 95" percentile concentrations for the sites
upstream of Brays bay (with the e xce ption of Lake Parramatta). Significantadditional effort
within the catchment would be required to further improve water quality for swimming at these
sites. More extensive water quality monitoring followed by revised modelling ata local scale
would be required.

+  The RMA modelling demonstratesthat implementing a high level of catchment intervention
would improve 95" percentile conce ntrations above NHMRC Category B guidelines at the
Brays Bay swim site.

The currentmodeliing explores a number of options for mitigating poor water quality, but there are
other options that could be explored within the risk assessmentframework, such as establishment
of urban riparian buffers, disinfection or addressing sewer leakages (notsimulated explicitly in the
currentmodel).

Note that the modelling outcomes will inform a benefit/cost analysis that is to be undertaken
separately, which will allow prioritisation of swim sites for activation underthe Masterplan.
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1 Introduction

The Parramatta River is a heaviy urbanised river in Sydney, Australia (Figure 1.1). The River
extends from Blacktown Creek in the west to the confluence of the Lane Cove Riverin the east. It is
the largestriver entering PortJackson (SydneyHarbour). Theriveristidalto the Charles Street Wer
in Parramatta, some 30 kmupstream from Sydney Heads, and freshwater in itsupperreaches.

The Parramatta Riveris 19 kmin length, yet hasaround 220 km of waterways within its catchment,
incduding a number of significant tributaries (Parramatta River Catchment Group, 2016). These
incdude Subiaco Creek, Tarban Creek, Duck River, Duck Creek, Haslams Creek, Iron Cove Creek
Hawthorne Canal and Powells Creek. Thetotal area of the catchment is257 kn.

The estuarycovers 12 km? and s in a constanttidal flux with additional movements of freshwater
from the River's tributaries changingthe chemical composition ofthe water on a daily basis. Tidal
flushing for complete water exchange takeson average 17 days (Roper et al., 2011).

The Parramatta River hasa long history of contamination, primarily related to urban and industrial
activities, which have taken place in the River's catchment throughout the last two centuries. It is
one of the most modified waterways in Australia due to a highly urbanised catchment and high
population growth (Birch et al., 2015c).

The Strategic Analysis of Water Quality in the Parramatta River literature review report (Khan and
Byrnes, 2016) presentsa literature review of microbial (and chemical) contaminants within the river,
the majorsources and recommendations on suitableframeworksfor risk assessment and monitoring
strategies. This report identifies urban stormwater as a significant conveyor of microbial loads,
originating frommunicipal sewage. These loads are transferred from sewersto stormwater systems
by leakage or wet-weather overflows designed into the sewage system as Emergency Relief
Structures (ERSs). In addition, increased rainfall, runoff from increased impervious areas and
stormwater overflowdue to urbanisation resultsin pathogen wash off from surfaces, and leads to
more events carrying peak concentrations of waterborne pathogens in surface water. Population
growth and urban intensification within the Parramatta River catchment over the nex decade will
exacerbate these sourceloads. The Strategic Analysis report, along with stakeholder e ngagement,
has informed the conce ptualisation of the modelling framework.

In 2014 the Parramatta River Catchment Group (PRCG), an alliance of state and local government
agenciesand the community, e stablished the mission to make the Riverswimmable by 2025. Known
as the ‘Our Living River initiative, the group embarked on the development of a Parramatta River
Masterplan to detail the direction and planning required to progress to this target. To inform this
planning, an integrated catchment-river modelling project was used to predict expected enterococd
levels at 16 proposed and existing swimming sites along the river under a range of policy and
intervention scenarios. incorporating an integrated modeliing approach in the developmentof the
Masterplan wil help guide microbial water quality evaluation and target setting in order to meet
regulatory objectives associated with recreational water quality.

Enterococciwere chosen asthe modelled indicator as this correlates to current primary recreation
risk assessment frameworks, and is the current preferred indicator in recreational water quality
guidelines.

The overarching modelling framework to supportthe development ofthe Masterplan aimsto explre
the following:

+  The major sources of pathogens within the catchment and the risk of non-compliance with
regulatory water quality objectives.

+  Whatisthe current traje ctory of the water quality considering significantinfill development
growth underway and planned?

« In which areas could open water (free) swimming be achievable in the Paramatta River by
2025? Where notachievable, whatneedsto be done to gain water quality objectives?
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«  The quantity and quality improvements gained in the catchment by the implementation of
infrastructure, water sensitive urban design and policy solutions to mitigate high risk pathogen
contamination sites.

Figure 1.1: Location of the Parramatta Rver Catchm ent. Yellow subcatchm ents illustrate the model exte nt.

11 Purpose of this report

SydneyWater engaged Jacobs, in collaboration with Sydney Water RMA Hydrodynamic modellers,
to develop an integrated catchment water quality modelling framework to assess different sources
of enterococci(diffuse, stormwaterand wastewateroverflons)to the River. The integrated modeling
framework was used in an effects-based assessment of exsting and potential sMmming z2ones
under various population growth and pollutant intervention scenarios. This is considered to be
SydneyWater's major contribution to the Our Living River hitiative.

Thisreport documents the development of the integrated modelling framework, including:
+ Data used to build the modelling framework,

+  Model framework construction and calibration,

+ Integration betweenthe catchmentand hydrodynamic River models, and

«  Scenario modellingofBAUand intervention scenarios.

1.2 Integrated Parramatta River Model overview

In order to identify sites suitable for smmming in the Parramatta River, the current microbial
concentrations of key indicator species that can affect human health needs to be understood at
potential sMimming site s that do not have sufficient monitoring data. To do this, amodelling approach
is required that will calculate microbial water quality at a sufficient scale.

Water quality objectives for enterococci need to be defined in the model so that recreational
suitability at a site can be determined. With a defined target, a range of managementand policy
scenarioscan be modelledto determine if a site is suitable for swimming with respect to bacterial
quality.

The Integrated Parramatta River model or modelling framework developed for this project is
comprised of three separate but linked models (Figure 1.2). These are:
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«  Wetweather (sewer) overflons model that provides point-source dischargesinto the
catchmentmodel. Thiswas completed in MOUSE modeldeveloped by Sydney Water.

+ Acatchmentmodelthat calculates sub-daily runoff and enterococci loads froma variety of
urban landuses and source pathways for input into the hydrodynamic model. Thiswas
developedin eWater SOURCE.

+ A hydrodynamic model of the Parramatta River and estuary, developed in the Resource
Management Associates (RMA) software. This model simulated the hydrodynamics and
enterococci fate and transportin the Parramatta River.

MOUSE model ' SOURCE model RMA model
Jacobs Sydney Water

Sydney Water

* Models catchment » Models receiving water
processes + Hydrodynamics
* Runoff = Pathogen fate &
« Pathogen generation transport

» Models trunk sewer
network
» Calculates WWOF

Figure 1.2: The Parramatta Rver Masterplan waterq uality modelling framew ork

The MOUSE model covers Sydney Water trunk sewer network within the Parramatta River
catchment, and provided point-source inputs to the SOURCE model as discharge time-series that
addsflow and concentrationsto the SOURCE node-link network. The catchment modelling extent
indudes the Parramatta River subcatchments and a node-link re presentation of the river itself plus
the smaller tributarie sthat feed the Parramatta River. The RMAmodel extentis definedbythe explicit
(geographical) boundaries ofthe Parramatta River, and providestwo dimensional depth-averaged
(varying horizontally and averaged vertically) simulations of the physical properties and biological
interactionswithin the water column and length ofthe Parramatta River. Figure 1.3 illustrates the
MOUSE wetweather overflowlocations, SOURCE model subcatchment delineation,the RMA model
mesh extents and the location of the 16 swim sites of interest.

The SOURCE modelinterfaceswith the RMA modelby aligning model nodeswith those currently
set up in the RMA model of the Parramatta River. Generally, catchment scale modelling occurs at a
daily time-step. However, sub-daily (2-hourly) time-step has proven crucial in providing a finer
temporalresolutionto model short—termfiuctuations in pathogen densities (Oliver et al., 2016).

The SOURCE catchments model provides a sub-catchment level view of Enterococd fate and
transportfrompoint and diffuse sources generated fromthe catchments. It also provides a view of
howthese sourcesimpact on Enterococciconcentrationsandloads atthe key swimming sites under
investigation. Outputsfromthe SOURCE modelare inputs into the RMA receiving water model of
the Parramatta River, which provided a detailed assessment of changes in Enterococd
concentrations at the key swimming sites.

12.1 Modelling Challenges

Choetal, (2016) outline a range of knowledge gaps, and subsequent modelling challenges and
limitations that impact on the feasibility of catchment-scale modelling of microbial water quality.
Some key pointsto note from this literature review that are relevant to the Masterplan catchment
modeliing include:

+ In-stream processesare lumpedtogether in catchment models, and as a resulta few
parameters are often used to simulate much ofthe complexty of in-stream processing. For
example, die-off rates are affected both by radiation and temperature, and yet a simple decay
function isadopted to determine anaggregated die-off rate. The outcome of process lumping
or aggregation is a high degree of sensitivity in modelled outputs attributed to lumped in-
stream parameters.

+  SOURCE s a conservative model and does not model transformations, such as partitioning
microbial cells in runoffinto those that are freely suspended and those that are bound with
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sediments, which is known to be a key contributor of in-stream microbial concentrations
throughresuspension processes.

« Parameterisation of pathogen model from literature studies often involves adopting parameter
values that have been derived through laboratory orin-situ field experiments. Upscaling from
individualfields, land use practicesand management systemsto obtain a single homogeneous
soil, land use, and management parameters across hydrological response units introduces
unavoidable uncertainty. However, this aggregation helpsto deliver manageable and
interpretable modelling resultsacrosslarge areasofinterest.
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Figure 1.3: Location of the 16 swim sites of intere st in relation to the subcatchment boundaries and R~ M A model meshextent of the Parramatta Rver.
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2 Current knowledge and data to support
modelling framework

The Strategic Analysis of Water Quality in the Parramatta River literature review (Khan and Byrnes,
2016) has been completed as part of the development of the Parramatta River Masterplan. The
review of current scientific literature was undertaken with the following key aims:

+ Toidentify current knowledge regarding water quality in the Parramatta River with direct
relevance to potential increased primary contact recre ational activitie s such as swimming.

* Toconsider potential future approachesto monitoring re creational water quality in the
Parramatta Riverto assessthe public health safety for potential increased primary contact
recreational uses.

The Parramatta River Strategic Analysis Literature Review focuses on Enterococci, Bacteroides,
Faecalbacteriophages, and virusesfor assessing risks to directcontact recreation activities. These
speciesare quite specific(otherthan Enterococci) and thereisinsufficie nt science and data available
to undertake catchment-scale modelling of these species at thistime.

Although Enterococciand Escherichia coli (E.coli) are not strictly pathogenic, theydo indicate the
presence of faecal contamination, and are commonly referred to as faecal indicator organismns
(Ashboltetal.,2001; Noble et al., 2003). Enterococciis the indicator under the National Health and
Medical Research Council(NHMRC) (2008) Guidelinesfor Managing Risksin Recreational Waters
(as adoptedbyNSW Office ofEnvironmentandHeritage (OEH) beachwatch program)forassessing
risks to primary contact recreation, and therefore chosen as the key modelled indicator for
swimmability. In addition, there isamore substantive body of literature and data for Enterococci (and
E.coli) from which to draw on. The catchmentand river modelscan be expanded to include other
pathogen species when suitable data is available for model parameterisation and for calibration.

It is worth noting that other water quality attributes, such as suspended sediments (turbidity),
presence ofalgal blooms or litter also affects a site’s ‘swimmability’. A healthy environmentis one
where water quality supportsa rich and varied community of organisms and protects public heatth.
The water quality of a watercourse influences the way in which communities use the water for
activities such as swimming (Khan and Byrnes, 2016). Therefore, the effects-based asse ssment of
a sites ‘swimmability’ ultimately will need to take into accountarangeofwater qualityand e cosystem
health indicators within an overarching risk assessment framework, as documented in Dela-Cruz
and Wearne (2017).

2.1 Pathogen sources

Microbial contamination of water sourcesis influenced by surrounding land use, with sources of
contamination being both pointand nonpoint (diffuse) within a catchment.

The Parramatta River Strategic Analysis literature review alongwith a recently published literature
review on modelling the fate and transport of faecal indicator organisms (Cho et al., 2016) has
informed the key sources of contamination and the key pathogen transport pathways that are
required in the modelliing. Table 2-1 outlines the key pathogen sources that were considered and
subsequently included in the catchment model.
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Table 2-1: Microbial sources affecting sw im mability in the Parramatta River and the m odelframeworkre  quired
to assess intervention options.

Will it be m odelled in the framework?How or why no t?

Sewer \/ Y es. Wet-w eather overflow s from ERSs during storm events lead to peak

overflow s concentrations of w aterbome pathogens i surface waters. This will be modelled by the
(point-source) MOUSE model as inputs to the SOURCE Catchment model

Stormwater \/ Y es. Uban stormw ater conveys pathogens washed from surfaces w here pathogens
(Diffuse from animals have been deposited. This willbe modelled in the SOURCE Catchment
source) model as event mean and dry w eather concentration (EMCDWC) gereration models

It should be noted that pathogens that originate from leaks from municipal sew age and
are transferred from sew ers to stormw ater systems by leakage w ereconsidered, but are
represented implicitly in the model as alumped diffuse stormw ater source, given the
dominance of animal sources and direct inputs from ERSs.

Water fowl \/ Y es. Runoff contaminated w ith pathogens from direct defecation by waterfow lin

(Diffuse w aterw ays.Water fow lare the dominant source of in-stream pathogen generaton. This

Source) w il be modelled inthe SOURCE Catchment model as event mean and dry w eather
concentration (EMCDWC) generation models

Sediment X No. Recreational users may be exposed to contaminants that are resuspended from the

resuspension bottom sediment to the w ater coumn by a variety of processes. These include natural

processes such as wind, waves or tdal movements, or anthropogenic processes
including the effect of watercraft. There is little data on the presence and survival of
Enterococci in the Sydney region, so the resuspension process is not explicitly

modeled.
Stratified X No. Follow ing a large storm, large volumes of stormw ater flow can cause significant
stormwater stratification. Such crcumstances could lead to significant exposure to pathogens by
plumes swimmers.

Stratification is an issue in the Upper Parramatta, how ever modelling this process
requires a three dmensional model (a depth-average RMA model w as used). While
stratification is observed through salinity monitoring of the water column, the effect on
velocties wassmall enough that the extra computational time required for a 3D model
w ould be out of proportion to the effecton the resuls

Human vs non- X No. It is recognised that there is a species barrier for pathogen interactions w th humans
human (eg. human sources of pathogens have a much higher risk than non-human sources)
enterococci but the exact relatonship betw een risk of human illness and pathogen source is not yet
source Clear.

2.2 Assessmentcriteria

Australian NationalHealth and MedicalResearch Council (NHMRC) guidelinesforrecreationalwater
quality monitoring refer to World Health Organisation (WHO) recommendations for the use of
enterococcias a faecalindicator in marine waters (NHMRC 2008; WHO 2003). This is because
faecal coliforms may grow in the environment providing a misleading assessment, whereas
enterococci survive longerin marine waters and therefore pose more of a risk to recreationalusers.

NHMRC guidelinesprovideanumber of categoriesfordeterminingmicrobialwater qualityusing 95
percentile (see technical memo in Appendix 1:). The applied microbial water quality objectives
categoriesare “A” (<40 cfu/100mL), “B" (41-200 cfu/100mL), “C"(201-500 cfu/100mL) and “D” (>500
cfu/100 mL). The RMA model outputs of enterococci concentrations will be tested against the
objectivesin Table 2-2.
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Table 2-2: Compliance criteria for determining micr

95t percentile
value for
intestinal
enterococci/

100 mL
(rounded values)

Basis of
derivation

obial water-quality categories, following the NHVIRC
Guidelines for ManagingRisks in Recreational Water (Page 72). NOAEL = No observed-adverse-effect leve
LOAR. =Lowestobserved-adverse-effect level.

Estimation of probability

(2008)
l;

=40 This value is below | Gl illness risk: < 1%
the NOAEL in most | ap rick: < 0.3%
epidemiclogical
studies. The upper 95th percentile value of 40/100 mL relates to an
average probability of less than one case of gastroenteritis in|
every 100 exposures. The AFRI burden would be negligible.
41-200 The 200/ 100 mL Gl illness risk: 1-5%
value is above o] g
the threshold of AFRI rigk: 0.3—-1.9%
illness transmission | The upper 95 percentile value of 200/ 100 mL relates to
reported in most an average probability of ene case of gastroenteritis in 20
epidemiclogical exposures. The AFRI iliness rate would be 19 per 1000
studies that have exposures or approximately | in 50 exposures.
attempted to
define a NOAEL
or LOAEL for Gl
illness and AFRI.
201-500 This represents a Gl iliness risk: 5—10%
substantial elevation -
AFRI rigk: 1.9-3.9%
in the probability of e
all adverse health This range of 95" percentile values represents a probabilicy
outcomes for which | of 1 in 20 to | in 10 risk of gastroenteritis for a single
dose—response data | exposure. Exposures in this category also suggest a risk of
are available. AFRI in the range of 19-39 per 1000 exposures or a range
of approximately | in 50 to | in 25 exposures.
=501 Abowve this level Gl illness risk: = 10%

there may be a
significant risk of
high levels of iliness
transmission.

AFRI risk: = 3.9%

There is a greater than 10% chance of illness per single
exposure. The AFRI illness rate at the guideline value of 500
enterococc per 100 mL would be 39 per 1000 exposures
or approximately | in 25 exposures.
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3 Catchment Model

31 Overview of SOURCE model

The eWater SOURCE platformis a semi-distributed catchment modelling framework designed for
exploring a range of water management problems (Welsh et al., 2012). It conceptualises a range of
catchment processes using subcatchments which are composed of Functional Units (FU) that
represent areasof similar hydrology and water quality generation, typically characterised through
landuse or soils. Dailyrainfall-runoff modelling, calibrated u sing spatially-distrib uted historical climate
data enables the representation of spatial and temporal variability in runoff and water quality
generation fromdifferent land uses across the catchment. Flows and pollutants are routed through
a node-link network representation of the river, where point-sources, water extractions and river
operationalrulesaugmentthe flowin the river network (Figure 3.1).

'J Source4.1.1 (public version) - Parramatta River [ Parramatta_Catchment_vi.11 Baseline_revdS.rsproj | = || ==
Eile Edit View PRun Tools Help
NE /TJ‘@ @l | @ Ordering - ° Single analysis - ¥ Configure (f) Run i@,& mﬂn Qi 0dD LMD
Project Explorer & X | E [Baseline Scenario] - X
@ - X @-T A =8~ = —
& ods |E|‘ 7 & | Zoom: 100% 4 = 37 Node Palette Box
Project Hierarchy: i - Y
:'g Faramatta fiver (Froject] - T Corfluence
B a Baseline Scenario (Scenario) H
j-- () Catchment I o
[ () Commercial A \:
‘ j High D.Ensrty Residential Cortroled  Environme...
- () Industrial Splter Demand
[+ Low Density Residential
[~ Medium Density Residential . ‘(
B Ovedlow_Diffuse G nflow
» Overflows_Paint auge sk
J Pandand
P Road
5 Tetdl f i
- Wat 55 ldmum
Lo L.:k & OrderC...
= (] Storage Routing
i (B G_Darnghils_Link 252 AMA_70 A
i (B G_DockFiver AMA_ 893 Minimum  Off Allocation
(D G JobnsonBdg Link 249 AMA & Flow Requ...
B G_FPamamattaR @Marsden Weir Ak f—
B G ToongabbieBiansRd RMA_ 737 b A
() G Wineyard AMA_ 128 > Parallel Arcs Storsge
L i b
]
Parameters: ’ :v?;;
) Active Groundwater Model {1 instances) - Supply Point  Water User
3 Bomow and Payback (1 instances) |
3 Catchment Inflow {1 instances) ES ':a
¥ Constituents {1 instances) -
_» Divisions {1 instances) Wetlant_:ls
1@ Downstream Flow (1 instances) Hydrai...
3 Downstream Fow Volume {1 instances)
3 Groundwater Fluc {1 instances)
3 Inflow Bias {1 instances)
+-(_3 K{1instances) X
Recording Estimate: #] | |Eastings: 330527.96875 Northings: 6271185

Active scenario: Baseline Scenario

Figure 3.1: User Interface of SOURCE software.Blue  nodes =river confluences; Back arrows denote dir ection
of flow and constituent transport

3.2 Hydrologicalmodel development

The development process ofthe SOURCE model of the Parramatta River catchment isillustrated in
Figure 3.2. Spatial data for subcatchment boundaries, node-link network, and landuse data are
directly imported to the SOURCE model to generate the underlying model structure from which
climate and point-source discharge timeseries can be imported, compone ntmodels forrainfall-runoff
and constituent generation are assigned, and in-stream processing models are applied. The
SOURCE model was configured for a 2-hourly timestep, with a full simulation period spanning
1/01/1982—-01/07/2015. Thistime period was chosen to cover the sce nario modelling period (1 Jan
1984 to 31 Dec 1994) and enable calibration of the flows and enterococci concentrationsoverthe
available data collection periods.
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Figure 3.2: The Parramatta Rver Catchment SOURCE m odel development process, and linkages. SURM =
Simple Whban Runoff Model

32.1 Subcatchmentboundaries and node-link network

Substantial effort by Stewart (2013) has been invested in developing the original subcatchment
delineationforthe SydneyHarbour SOURCE model. These subcatchments were developed from a
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number of exsting subcatchment delineations and overlayed with Local Government Area
boundaries. Subcatchments were amalgamated to align with gauging locations and water quality

sampling points.

The Parramatta River subcatchments have been extracted from this model and preserved in the
current model where possible. The RMA model mesh exent has been included as discrete
subcatchments, and some subcatchments have been further split to facilitate reporting on individual
swimming sites and for RMA data exchange linkages (Figure 3.3).

Legend

—+— SOURCE Links

[ | RMA Model Boundary
[ ] SOURCE Catchments

Figure 3.3: The Parramatta Rver SOURCE Catchments Modelsubcatchment delineation and node-link networ k.

3.2.2 Functional Units

The 2015L ocal Environmental Plan (LEP)—Land Use Zoning(LZN) spatial data, sourcedfromNSW
Spatial Data Catalogue, was used to categorise subcatchment into Functional Units (FUs). The land
use for SOURCE is requiredto cover the entire extent of the subcatchments; therefore, gapsin the
2015 land use layer were infilled with land use data from the 2013 SOURCE model and
crosschecked with aerial imagery and landuse data from Blacktown and Parramatta City Councils.
Refinementofland use within the Sydney Olympic Park area was undertaken based ondetailed
land parcelspatial information provided by Sydney Olympic Park Authority.

Land use categories were selected based on the different areas of hydrological response and
Enterococcisources, and requirements for scenarios. Baseline land use categoriesrepresented in
the model are illustrated in Figure 3.4
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Figure 3.4: The Parramatta Rver land use represent ation for Baseline SOURCE model

Baseline landuse distribution
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Figure 35: Baseline land use distribution as a per  cent of total catchm ent area
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3.2.3 Climate

Rainfall datawas obtained from Sydney Water for 15 sites (Figure 3.6). Data wasatan hourly time-
step and aggregatedto a 2-hourly time-step to be in line with the modelsimulation time-step. The
majority of rainfall records spanned 1992 to present.

In order to derive rainfall timeseries that spanned the full gauged flow record (starting from 1980),
Homebush and Pottsrainfall station data were sele cted asthe mostrepresentative long-termrecords
and used to infill the remaining timeseries for periods between 1984 and 1992. Infilling of other
station data was completed based on nearby comparison stations using histograms and the
Wilcoxon rank sumt-te st statistics.

Rainfall timeseries were assigned to model subcatchments based on Theissen polygons derived
from station coordinates (Figure 3.6).

Monthly mean potential evapotranspiration values were obtained fromthe Climate Atlas of Australia.
A repeating monthly series of gridded evapotranspiration data was used disaggregated into a 2-
hourly time step.

{ Cu’nbenand State Forest (1BM)

fMAR 780

&" ) VL

- \"\V,m\i.":o/ \

‘,\ /g \2 =y WeSﬁ'l'Ie.‘!dHospn.Jl f‘ o
I /) - MAR MZ E} ¢ ?

-7”_;

| { MM 798 7, Vv & ."’-’ g

J Greystanes' J -:5'; s ¢ MAR = 796 'L‘—- -

Loay L e £ oy
Wi -2 ] { L

Figure 3.6: Assignment of rainfall station data to each subcatchment. MAR = Mean annual rainfal (mm).

3.2.4 Gauged flow data

Streamflow data is required to calibrate the rainfall-runoff model; therefore, this data containsthe
most relevantinformation for the catchments. Five streamflow datasets from gauging stations were
obtained from Sydney Water and NSW Realtime Water data website (Table 3-1).
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Two flow gauge sites were assessed as suitable for the purposes of the project (Figure 3.7). The
other sites did not sufficie ntly cover the required period of record (1983-1994) (T able 3-1). Thetwo

sites identified as suitable were:

1. 13005- Toongabbie Creek At BriensRoad

2. 9270 - Parramatta River at Marsden Weir

Table 3-1: Parramatta River Catchmentavailable flo w gauge data quality summary

How gauge site Start date End date Missing data

13005 - Toongabbie Qeek at 24/09/1979 5/11/2013 3% of record

Briens Road

Q70 -Paramatta River at 06/02/1979 08/04/2013 15% of record betw een 23/03/2000
Marsden Weir — 21/02/2005

213219 - Toongabbie Creek at 30/06/1992 7/08/2013 Majority of record missing (94%)
Johnstons Bridge

2VYCOL1 - Vineyard Qeek at 10/09/2013 19/09/2014 Nil, but short record overall

Kissing Point Road

213209 — Duck River at Mackay 3/06/1992 29/01/2012 Record missing up betw een

Road South Granville

7/08/2003 —10/032011

Figure 3.7: Flow gauge sites (reddots) usedin SO URCE model calibration.

Sydney Water and ENSure JV - Commercial in Confidence

Legend
@® Calibration Flow Gauges

—— SOURCE Links

RMA Model Boundary

[ | souRce catchments

Page | 14



325 Rainfall-runoff model

Due to the Parramatta River catchment being highly urbanised, the Simple Urban Runoff Model
(SURM) (Chiew et al., 1997) was used in the current Parramatta SOURCE model. SURM is a
simplified version of the SIMHYD model developed for urban hydrological application and specifies
separate pervious and impervious stores. T able 3-2 liststhe model parameter defintionsand typical

parameter ranges.

Table 3-2: SURM Model Param eter definition and typi cal ranges

Parameter Description Units Min M ax
bfac Base flow coefficient 0 1
Coeff Infiltration  coefficient 0 400
dseep Deep seepage 0 1
Fac. field capacity The field capacity, expressed as a fraction of the maximum soll 0 1
moisture capacity
Fmp Impervious fraction 0 1
nitgw Initial  groundw ater level 500
hitial moisture Initial  soil moisture content, as a fraction of the maximum store 0 1
capacity
Rfac Recharge coefficient 0 1
smax Soil moisture store capacity (mm) 1 500
sq Infiltration shape 0 10
thres Impervious threshod 0 5
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Figure 3.8: Conceptua structure of SURM (eWater, 2 017)

The imperviousfraction parametersused as inputinto SURM were calculated based on the Directly
Connected Impervious Areas (or Effective Impervious Areas (EIA)) method. T his method generally
providesa realistic measure of the total impervious area throughoutthe catchmentthatgenerates
runoff which reaches the catchmentoutlet as it excludes impervious areas that have no direct
connectiontothe drainage network. T hismethod helpsin avoiding an overestimationofurban runoff
volumesand peak flows.

AR&R (2014) provides EIA factors for various land use typeswhich were used in order to quantify
the portionofeffective imperviousareas in standard land use typ esincluding resid ential, commercial,
industrial, green space and roads. In orderto determine the fraction impervious parameters for input
into the SURM model, the fraction impervious for each land use type obtained from Sydney Water
data was multiplied by the AR&R (2014) EIA factors, resulting in a fraction imperviousfor only the
directly connectedimpervious areas (Table 3-3).

Sydney Water and ENSure JV - Commercial in Confidence Page | 16



Table 3-3: Faction Impervious SURM param eter appli  ed in SOURCE model

Functional Unit Fraction Impervious

Low Density Residential 36%
Medium Density Residential 41%
Hgh Density Residential 47%
Commercial 78%
Industrial 81%
Parkland 0%
Road 75%
3.2.6 Point-source inputs

MOUSE modelling undertaken by SydneyWater was used to informwaste water overflows (WWOF)
inthe model. Asthere are 271sewerpoint-sources within the catchment, some grouping of individual
overflow points iswarranted. WWOF point sources were grouped per subcatchmentandincluded in
the model as inflownodesthat intersect the node-link network.

MOUSE model WWOF discharges were available for 1984 — 1995 and for 2012 to Jul-2015, to
accommodate the RMA calibration period. Amonthly pattem of overflowdischargewasderived from
the daily modelled overflowto ‘infil’ the remaining periodto aid in water quality calibration.

Legend

—— SOURCE Links
Wet Weather Overflow Subcatchments

[ ]NowwoFs

[ Aggregated WwWOFs

A

M. "

Figure 3.9: Subcatchments with wetw eatheroverflow (WWOR point-source inputs. Individual WWOFs have been
aggregated for each subcatchments as a single times  eriesinput
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32.7 Storages
Twelve storageswere included in the model asperthe 2013 SOURCE SydneyHarbour model:
* Lake Parramatta, approximately 370 ML;

+  Lower Parramatta River below Toongabbie Creek (3 storagesto Charles Street Weir),
approximately 20, 100, and 36 ML;

+ 3storagesalong Toongabbie Creek, including the gauging weir;
*  Upper Greystanes creek, approxmately 58 ML ;

* Impoundmentsbehindweirs on the lower Duck River; and

- 1storage onthe upperDuck River.

Storage data and configuration fromthe 2013 SOURCE model were used unaltered.

3.2.8 Flow Calibration
Calibration/ivalidation data

Toongabbie at Briens Road flowgauge were the best quality data with the longest period of re cord
(1979 to 2013), and thiswas the main flow calibration site. Calibration was constrained by the length
of record of the overflowinputs which were only available for Jan 1983 to Dec 1994, and for Jan
2013 to Dec 2014 (to coincide with RMA model calibration period). Therefore, calibration of the
Toongabbie gauge wasforthe same period, with a two-year warm-up period (1 January1982— 31
December 1983).

Site validation ofthe calibrated SURMparameters wasundertaken using the flow data at Parramatta
River at Marsden Weir site.

Evaluation metrics

A combined Nash-Sutcliff Efficiency (NSE) daily and log flowduration curve objective function was
used in the automated calibration in orderto achieve a good fit betwee n baseflows and peak flows.

Simulated catchmentflows at the two gauge locations were assessed against observed flow data
using:

«  Summary statistics

*+ The NSE statistic (Equation 1) (as a measure of goodness-of-fit, where O ispoorand 1l is a
perfect fit to observed data)

~

Z (Yiobs 1) }/{.'ﬂm )2
i=]

NSE=1-

i (Y.Ubs _ Ymean)z
I
| i=1 J Equation 1

Where Y= ith flow observation; Y= ith simulated flow; Y™ = mean of observed data; n
= totalnumber of observations

* Percentbias (% difference between modelled and gauged mean daily flow; positive % bias
indicates overestimation and negative % biasindicates underestimation compared to
observed)

*  The meanannual flow (MAF)
* Timeseries plots and flowduration curves of daily flow.

A joint calibration between SOURCE and RMA models was conducted to achieve a harmonised
catchment hydrology-river hydrodynamics calibration.
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Calibration/validation results

Moriasi et al., (2007) suggests that daily or monthly streamflow model simulations are deemed
satisfactory if the NSE statistic is between 0.5and 0.65, andpercentbiasis + 25%. Calibration is
deemed goodif the NSE is greater than 0.65 and percent bias is + 15%.

It is importantto note that a lumped rainfall-runoff model operating on a sub-daily timestep will
typically resultin a poor NSE statistic comparedto a daily or monthly model. Therefore, emphasis
was placed on calibration to minimising percentbias, obtaining similar mean annualflow and 95"
percentile flow statistics, and graphical comparisons.

Generally, at a daily time-step the catchment model was able to reproduce the highto medium flow
behaviour reasonably well, and comparisons between NSE and % bias at the Toongabbie flow
gauge demonstrates that the simulation results fall within the ‘good’ calibration criteria suggesed by
Moriasi et al., (2007). Ata sub-dailytimestep the calibration meets the ‘satisfactory’ criteria (T able
3-4).

For Marsden Weir validation site, modelled flow achieved a good fit between mean and 90"
percentile flows, and a satisfactory % bias statistic, but the daily timeseries plot indicate s the model
is underreprese nting the higher flow e ve nts which resultsin a ‘satisfactory’ rank for the NSE statistic
(Table 3-4). Nevertheless, RMA modelledriver flows calibrate wellatthis site.

The flow duration curves demonstrate that the low flows at each of the comparison gauge sites are
underestimated by the model. This mayalso explain the underestimated MAF atthe Marsden Wer
site, where MAF at Toongabbie is slightly overestimated by the model. In terms of pathogen
generation and transport, high to medium flow events are the main drivers, and in this regard the
modelis performing reasonably well.
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Table 3-5gives the calibrated SURM parameters used in the Parramatta River catchment model.

Table 3-4: SOURCE catchm ent model calibration stati  stics.

Toongabbie Creekat Brien’s Rd Parramatta Rver at Marsden Weir

Sub Daily M onthly Sub Daily Monthly
daily daily
NSE 0.54 0.65 0.76 0.57 0.58 0.71
% Bias 5.8% 4.0% 7.1% -9% -2.1% 4.8%
Observed Mean Annual How 0.82 1.9
(m3s)
Modelled Mean Annual How (md/s) 0.87 15
Observed flow 90th percentile 112 3.1
(daily flow me/s)
Modelled 90" percentle (daily flow 211 35
m?/s)
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Table 3-5: Calbrated SURM parameters. Parameter de finitions given in Table 3-2.

Functional Unit

Low Density 450 0.001 0.01 0.2 400 0 0.36 2 0.05 0.3 10
Residertial

Medium Density 450 0.001 0.01 0.2 400 0 0.41 2 0.05 0.3 10
Residertial

Hgh Density 450 0.001 0.01 0.2 400 0 0.47 2 0.05 0.3 10
Residertial

hdustrial 450 0.001 0.01 0.2 400 0 0.81 2 0.05 0.3 10
Commercial 450 0.001 0.01 0.2 400 0 0.78 2 0.05 0.3 10
Parkand 450 0.001 0.01 0.2 400 0 0 2 0.05 0.3 10
Road 450 0.001 0.01 0.2 400 0 0.75 2 0.05 0.3 10
Water 0 0 0 0 0 0 0 0 0 0 0

*Smax= 250for Duck River subcatchments
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3.3 Enterococcigenerationmodeldevelopment

33.1 Enterococcisources and generation rates
Enterococcisources considered in the model include:

- Depositionfrom domestic and feralanimals (dogs and cats)

*  Depositionfrom birds

*  Stormwater contamination from commercial and industrial areas
*  Runoff from roads

*  Wetweatheroverflows (WWOF)

An extensive literature reviewwas conducted to derive Enterococci source inputsto the catchments
model, and obtain Enterococci concentration ranges for different land uses to guide calibration
(summarised in Table 3-6).Local data and studie sconducted in New South Walesurban catchments
were used where available, particularly studiesin urbanised catchments. Where nolocalorregional
data was available, international literature was used. Where no Enterococci data was available,
information on E.coli was adopted. A bibliography of literature reviewed is presented in Appendix1:.

The Enterococcifate and transport processincorporated in the model include s de position, build-up
in the soil, wash-off and die-off (inactivation) (Figure 3.12). The representation of these processes
in the model hasbeen derived based on the pathogen catchment budget (PCB) modeldeveloped
by Ferguson et al., (2007). The PCB model was developed for Australian catchments, therefore
modelparameterisation are locally derived fromfield studies (Coxetal., 2005).

The PCB model quantifies the key processes affecting the generation and transport of
microorganisms from humans and animals using land use and flow data, and catchmentspecific
information including point sources such as sewage treatment plants and on-site systems. The
modelgenerateseventanddry weatherloads, and hasbeen applied in the Wingecaribee catchment
in New South Wales and used to rank those sub-catchments that would contribute the highest
pathogen loads in dry weather, and in intermediate and large wet weatherevents. The pathogen
process algorithmsin the PCB model are simple and commensurate with available data. The PCB
modelalgoiithmsfor deposition, wash-off and inactivation in the soil were usedto derive constituent
generation inputconcentrationsin SOURCE for differentland uses.

Table 3-6: Enterococci concentration ranges for dif ferent land usesand sources

Enterococci ranges Mins Max Reference
(CRJ/200mL)
General livestock/pasture 1,200 4,350 Long and Hummer (2004); Duncan
(1999) —for faecal coliforms
24,000 120,000 Stein et al,, (2008)
Dog faeces 100,000 1,000,000,000 Gilmore et al., (2014)
Brd Faeces 1,000 10,000,000 Gilmore et al., (2014)
General urban stormwater 100 1,100,000 Davies and Bavor (2000)
84 33,800 Kapiti Goast District Council (N2) Ecdli
event sampling data 2006 — 2015
(Jacobs, 2017)
Residential 700 2,600 Long and Aummer (2004)
27,000 55,000 Stein et al, (2008); Duncan (1999)
Commercia 15,000 77,000 Stein et al,, (2008)
Industrial 1,500 21,000 Stein et al, (2008); Duncan (1999)
Transportation (roads) 4,500 18,000 Stein et al., (2008); Duncan (1999)
Open space 5,400 21,000 Stein et al,, (2008)
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Figure 3.12. Conceptua diagram of Enterococci fate and transport processes withinthe SOURCE catchmen  t
m odel

The generation inputsrequired bythe SOURCE model are Event Mean Concentrations (EMC) and
Dry Weather Concentrations (DWC) for each land use. EMCs are multiplied by the quickflow
generated from the rainfall-runoff model to calculate the event load. DWCs are muliplied by the
baseflow to generate the dry weather load. The EMC and DWC parameters are applied at a
functional unit (i.e. land use) scale and summed at each subcatchment outlet to provide the
generated Enterococci loads, which are then inputsto each linkin the model where dilution and in-
stream decayoccurs (Figure 3.12). In-stream die-off isrepresented as half-life decay functions.

Based on Ferguson et al., (2007) with some modification, the DWC and EMC generation rates were
calculated foreach subcatchmentas per Equation 2 and Equation 3 re spectively:

DWC, =) A, d.P.X D, Eguation 2
s=1
a

EMC, = ZM A PO, Equation 3
s=1

Where
DW(Ci,) = Dry weather Enterococci input to stream from animal species s for subcatchment | (CFU/d)
EMCy1 = Wet weather Enterococci input to stream from animal species s for subcatchment | (CFU/d)
As; = Number of animals (s) in subcatchment (I) (per km?
ds = amount of manure produced (kg/d/animal)
X =access to streams for animal species s
Ds = probability of species s defecating directly into a stream
Ps = Enterococci concentration in faecal material of animal species s (CRUKQ)

Ms = Fraction of faeces for animal species s on land that would be transported to stream in a large
rainfall event

& = proportion of inial Enterococci population suniving in sail (per day)
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The EMC equation assumesthatthe modelled quickflow associated with the EMC generation rate
acts as the ‘wash-off'trigger, rather than effective rainfall as in Fergusonetal., (2007), to avoid the
need to develop a custom generation model.

The information utilised to parameterise the EMC and DWC generation models are given in Table
3-7.

Animaldeposition rate assumptions

The number of domesticated cats and dogs were assumed to be 400 per km? This value was
adopted from Ferguson etal., (2007) as data provided from councils on pet ownership were sparse,
but were consistent with general NSW pet ownership numbers per population in each Local
Government Area (ACAC, 2010).

It was difficult to obtain reasonable estimates of bird numbers from differentland uses based on
published bird surveys in the catchment. Therefore, the number of organisms entering the stream
from bird sources was derived forresidential, parkland and commercial and industrial areas based
on percentage abundance documented in ASCE (2014): 52% Parklands; 27% residential; 21%
commercialfindustrial.

The amount of manure produced by cats and dogswas adopted from Fergusonetal., (2007), and
the concentrationin faecal material from Coxet al., (2005), based on faecal coliform concentrations.
Manure deposition rate for birds sourced from ASCE (2014) based on ducksand gulls.

EMC and DWC derived fordomestic pets applied uniformlyto re side ntial FUs, and for feral cats/dogs
appliedto parkland FUs. EMC and DWC derived for birds were applied to Parkland, residential,
commercialand industrial FUs.

Table 3-7: Deposition rate param eters (from Ferguso  n et al.,, 2007)

Deposition Parameter Dogs Cats Brds

As = Number of animals in Domestic — 400 Domestic — 400 Parkdand - 200

subcatchment (per km  2) Feral — 0.25 Feral - 1 Residential — 100
GCommercial &
industrial - 85

ds = Am ount of manure produced 0.5 02 011

(kg/d)

Ps = Concentration of microorganism 31,000,000 31,000,000 8,100

in faecal m aterial (CFUkQ)

Dy = Probability of animal defecating 0.001 0.001 0.01

directly into a stream

Xs = Access tostreams Domestic — 0.2 Domestic — 0.2 1

Feral -1 Feral -1

Ms = Likely fraction of material 0.05 0.02 0.03

mobilzed tothe stream during a

rainfal event

& =survival in sail (per day) 0.05 0.05

In-stream die-off

In-stream die-off was re presented by de cay modelswithin each link. The decay modelis a half-life
function, and the half-life was determined through calibrationto observedin-stream data and RMA
calibration results (referto Section 3.3.3).

Initial depositionrates

Table 3-8 gives the initial EMC and DWC values calculated using the methods described for each
Enterococci animal source. Commercial, industrial and road stormwater runoff parameters are
adopted from Stein etal., (2008). Generally, the meanand upper parameter ranges agree well with
literature concentrations. Derivingthe EMC and DWC parameters based on FUareaf(i.e. to ascertain
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the number of animals per subcatchment contributing to deposition) gives a wide range in

Enterococciconcentrations.

Table 3-8: Initial range in Event Mean Concentratio

for Enterococd concentrations (CFU100mL). EMC and

sources. Mean is presented in parentheses.

Land use

EMC (CRJ/100mL)

n (EMC) and Dry Weather Concentration (DNVC) paramet ers
DWC parametersdiffer across subcatchm ents for ani mal

DWC (CFU100mL)

Domestic animals (dogs and Residential 1,700 - 17,546,000 16 — 165,800
cats) (1,400,000) (13,400)
Parkland 16,000 — 2,269,000 430 - 61,000
(287,700) (7,770)
Brds Residential 50 — 3,500 1-340
(280) (28)
Parkland 10 — 219,000 1- 22,000
(27,757) (2,773)
Com mercial 20 - 77,000 2-7,700
(3,535) (353)
Industrial 5 —-77,000 1- 28,000
(18,400) (1,838)
Commercial & industrial* Com mercial 77,000 770
stormw ater Industrial 21,000 210
Roads* Roads 8,900 2,000

*Parameters adopted from Stein et al., 2008

Figure 3.13 illustrates the different Enterococci source loads across the catchment. These maps
have been derived based onthe meandaily modelled flow (ML/d) for each subcatchme nt muttiplied
bythe Enterococcieventmean concentration thatwasusedin the model. These mapsare notdirect
model outputs, ratherthey give anindication ofthemagnitude and distributionof sub catchmentloads
of surviving organisms after deposition and inactivation in the soil has occurred (therefore, the
organisms that are available for transportin runoff).

The sourceload maps, viewed with modelled results, can be used to identify which sources may be
contributing to ‘hot spots’ of Enterococcicontamination that could be mitigated through catchment
interventions, implementation of water sensitive urban design or infrastructure works on sewer
overflows.
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3.3.2 Point-source inputs

Whilst landuse (and runoff) are a source of bacterial contamination so too are sewer overflows from
ERSs. Concentrations of enterococci in sewer overflows have been informed by the NHRMC (2008)
Guidelines for managing risks in recreational waters and provided in Table 3-9. The Upper
Parramatta River model (Sydney Water 2014), which is considered well calibrated, appliedan EMC
for sewer 0f1,000,000 CFU/100mL which isin line with the NHRMC guidelines and will be adopted
for this project (refer to Appendix1:).

Table 3-9: Typical Enterococci and E coli numbers in sewage (N\HRMC 2008)

Disease or role Numbers/100 mL

Pathogensl/indicator organisms

Bacteria
Campylobacter spp Gastroenteritis [0°-10°
Clostridium perfringens spores Indicator [0*-10°
Escherichia coli Indicator (except specific 105107
strains)
Intestinal enterococci Indicator 10°-10°
Salmonella spp Gastroenteritis 0.2-8000
Shigella spp Bacillary dysentery 0.1-1000
Viruses
Somatic coliphages (viruses to E. coli) Indicator [0°~107
F-RNA coliphages (viruses to E. coli) Indicator 10108
Polioviruses Indicator (vaccine strains) 1805 = [0°
Poliomyelitis
Rotaviruses Diarrhoea, vomiting 400 -85 = |0
Adenoviruses Respiratory disease, not enumerated®
gastroenteritis
Noroviruses® Diarrhoea, vomiting not enumerated®
Hepatitis A Hepatitis A not enumerated®
Cryptosporidium spp oocysts Diarrhoea 0.1-39
Entamoeba histolytica Amoebic dysentery Non-detect—0.4
Giardia lamblia cysts Diarrhoea 10-2 x 10

a Many important pathogens in sewage have yet to be adequately enumerated, such as adenoviruses, noroviruses and
hepatitis A virus

b Moroviruses were formerly known as Norwalk viruses

¢  Parasite numbers vary greatly due to differing levels of endemic disease in different regions

Sources: Holler (1988), Long and Ashbolt (1 994), Yates and Gerba (1 998), Bonadonna et al (2002), Contreras-Coll et al (2002)

33.3 EnterococciCalibration
Calibration/ivalidation data

Routine (weekly and monthly) monitoring data (representative of dry weather conditions) and
autosampler (wet we ather) eventdata for 12 sites (Figure 3.14) were sourced from various state
agencies (Table 3-10), collated into a database bythe PRCG as partof the Strategic Analysis of
Water Quality in the Parramatta River report (Khanand Byrnes, 2016). T he majority of data were of
good quality and covered a sufficient calibration period ofatleast 5 years. The autosampler data
provided sub-daily samples of 5— 7 events.
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It is noted that there is no event monitoring in the catchment or along the Parramatta River
downstream of the confluence with Vineyard Creek, which will bias the model performance to dry
weather concentrationsin the Lower Parramatta.

Parramatta City Council also provided more recent Lake Parramatta monitoring data collected in
Dec 2014 —Mar 2017 (Hackney, pers. com.). The Lake Parramattadata did not coincide with the
Source model simulation period, butwas useful asan indication of the range in concentrations tat
should be expectedfor the Lake foratleastthe last 2-3 years of the calibration period. Table 3-10
summarisesthe available water quality sitesused in calibration.

Legend
A WQ Calibration Sites
A WQ Calibration Sites (Autosampler)
—+— SOURCE Links
I RMA Model Boundary
[ ] SOURCE Catchments

Dawn Fraser Pool

Figure 3.14: Water quadlity calibration sites. Pink triangles are routine monthly monitoring sites; gre en triangles
are autosamper event monitoring sites.
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Table 3-10: Sum mary of Enterococci sampling locatio  ns, period of record and sampling method.

Water Quality Site Record period Num ber of Sampling m ethod Data Source
sam ples

PJPR - Parramatta May 1996 — Apr 2008 36 events Autosampler Sydney Water or

weir near footbridge Parramatta Gty

Gouncil

WPRO1 - Darling Mills Jan 2013 —Jun 2013 7 events Autosampler Sydney Water

Creek

UPRO2 - Johnsons Jan 2013 —Jun 2013 5 events Autosampler Sydney Water

Bridge

UPRO3 - Toongabbie Jan 2013 —Jun 2013 6 events Autosampler Sydrey Water

Creek

UPRO4 - Parramatta Jan 2013 —Jun 2013 6 events Autosampler Sydney Water

Rver

Vineyard Creek Nov 2013 —Aug 2014 3 events Autosampler Sydney Water

Cabarita Beach Oct 1996 — Jan 2016 1243 Routne monitoring OEH Beachw atch
samples (w eekly)

Chiswick Baths Mar 1999 —Jan 2016 1088 Routne monitoring OEH Beachw atch
samples (w eekly)

Dawn Fraser Pool Oct 1994 — Jan 2016 1434 Routne monitoring OEH Beachw atch
samples (w eekly)

Duck Rver Jul 2003 — Jun 2008 76 samples Routne monitoring Sydrey Water

(monthly)

Henley Baths Oct 1996 — Mar 2010 901 Routne monitoring OEH Beachw atch
samples (w eekly)

Wilson Park Jul 2003 — Jun 2008 75 samples Routne monitoring Sydney Water and

(monthly) Auburn Council

Evaluation metrics

Simulated Enterococci concentrations for each calibration site were assessed against observed
monitoring data using:

+ Percentbias (% difference between modelled and observed concentrations)

- Box-whisker plots (illustrating the median, 25" and 75" percentiles— the box; 1.5xIQR
(interquartile range) above or belowthe 25th and 75th percentiles — the whiskers)

* Timeseries plots where autosampler data were available

Joint calibration between the SOURCE and RMA models was conducted to achieve a good fit
between in-stream concentrations at key sites located within the estuary. Priority was given to
achieve the best fit possible with the RMA model rather than the Source model due to limited
catchmentdata,and therefore, some sitesin the SOURCE did not calibrate wellwhereasin the RMA
modelthe calibration was improved.

Theresuling calibrated parameters are given in Table 3-11 for the generation (EMCDWC) rates and
Table 3-12 forthe Decay half-life parameters. Generally, the calibrated EMC and DWC parameters
are in line with literature ranges, although concentrations from Bird sources are somewhat low in
residential land uses. Given the ‘lumped’ conceptualisation of SOURCE, decay rates are
representative ofa generalised atte nuation function that re presentsa combined inactivationand die-
off rate. Therefore, half-life parameters were adjusted based on subcatchment regions
corresponding to the four different RMA models in order to achieve agood fitbetween observed and
modelled dataaswellas good calibration ofthe RMA model.
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Table 3-11: Range in calibrated Event Mean Concentr  ation (EMC) and Dry Weather Concentration (DWC)
parametersfor Enterococci concentrations (CFU100m L). Meanis presentedin parentheses.

Source Land use EMC DwcC
Domestic animals (dogs and Residential 50 — 832,000 1-4,800
cats) (58,000) (180)
Parkland 4 — 57,000 1- 15,000
(6,621) (1,237)
Brds Residential 1-500 1-30
(30 (12)
Parkland 2 — 36,500 1- 22,000
(4,746) (2,000)
Commercia 4 — 13,000 2-7700
(590) (219)
Industrial 1 - 46,000 1- 21,000
(3,084) (1,033)
Commercial & industrial* Com mercia 3,300 — 92,000 4-77
stormw ater (9,830) (36)
Industrial 900 — 25,000 1-21
(3,241) (12)
Roads Roads 2,543 — 18,000 125 — 2,000
(6,440) (930)

Table 3-12: Cdibrated decay function half-life par ameters

Subcatchm ent Regions Decay Half-Life (hr)

Low er Parramatta 0.5
Vineyard Creek 5

Duck Rver 1.9
Woper Parramatta 20

Calibration results

Simulation of microbial concentrations with a se mi-distributed catchmentmodel is challenging, and
the expectation was to achieve mean concentrations within a reasonable order of magnitude to the
observed data, and similar trends in timing of peak concentrations. Therefore, a percent bias of
around90% is deemed acceptable (comparatively, Moriasi et al., 2007 suggesta percent bias of
70% for nutrients is satisfactory for a monthly imestep model).

Generally, sites in the upper Parramatta and Vineyard Creek yielded a reasonable calibration in
terms of the timing ofevent concentrations (Figure 3.15), and in some cases achieved a good fit to
mean concentrations, with the best result for the Parramatta Weir site with a percent bias of 24%
(Table 3-13).

Comparison of sub-daily observed and modelled data for Parramatta River autosampler sites
achieved a very good calibration in terms of timing and in some cases magnitude of event
concentrations (Figure 3.15), despite a somewhat high percent bias indicating overestimation of
mean concentrations.

The Lower Parramatta and Duck River calibration resultedin a reasonable fit to the distribution of
the observed data, with the model performing well for all site s, with the exception of Chiswick Baths
site. The large differencesbetween medianand mean concentrationsare caused by the skewed
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distribution typical of microbial concentration datasets. Generally, the model underpredicts mean
and median concentration at most sites, but overestimates mean and median concentrations for
Chiswick Baths site.

Table 3-13: Comparison betw eenobserved in-streamd  ata and modelled SOURCE outputs for mean
concentrations and the percent bias betweenmean co ncentrations.

M onitoring Site Mean Concertation (CFU/100mL) % Bias betweenmeans
OBS M ODHEL

Parramatta w eir near footbridge 1,800 2,100 24%
Daring Mills Creek* 3700 8,000 -119%
Johnsons  Bridge* 11,000 5,000 54%
Toongabbie Creek* 11,000 3,400 69%
Parramatta Rver (Marsden w eir)* 7,500 1,100 85%
Vineyard Creek 12,000 5,800 -71%
Cabarita Beach 110 51 -54%
Chisw ick Baths 87 790 812%
Daw n Fraser Pool 110 49 -57%
Duck Rver 1,500 585 -60%
Henley Baths 174 60 -65%
Wilson Park 1,200 201 -84%

*Auto sampler sites with short data period (Jan 2013 to June 2013)

The largestsource of uncertainty in the catchme nt modelis from the assumptions around the number
of petsand birds per km?, which could be better estimated by detailed data analysis of LGA pet
ownership andferal animal control statistics, parkland bird surveydataor by conducting surveys of
pet ownershipfor each LGA. Given the lack oflocally-source Enterococcideposition rates or EMCs
from a particularlanduse to parameterise the catchment model, the configuration and calibration of
the model hasrelied heavily on exsting studiesthatdocument rangesin Enterococci concentrations
from differentland uses. The relative proportion of simulated Enterococci concentrations from the
dominantlanduseswithinthe SOURCE modelis consistentwith these literature rangesin T able 3-6.

In addition,the SOURCE model doesnotinclude anytidal flushing so there will be a discrepancy
between the SOURCE output and observations that cannot be improved through calibration.
However, this discrepancyis not reflected in the calibrated output of the RMA model, which does
include tidal flushing andis able to achieve reasonable calibrations for sites within the estuary (See
Section 4).

Therefore, the results from the SOURCE model should be viewed asindicative concentrations and
loads of Enterococci from each subcatchment. Nevertheless, the SOURCE model is useful in
assessing the relative (% change) impact ofintervention sce narios from baseline conditions.
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Figure 3.15: Comparisons of SOURC E sub-daily modell  ed and observed Enterococci concentrations for site s with event autosampling
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4 River Model

4.1 Overview of RMA models

The RMA model suite is a collection of models for simulating hydrodynamics and water quality in
water bodies (King, 1993,2006). The modelscan be operatedin one, two or three dimensionsusng
a finite element formulation. Being a finite elementmodel, the mesh can examine a high resolution
representation of river features while maintaining computational efficiency in areas where high
resolution is not required. Wetting and drying options in the model allow floodplains to be
incorporated into the simulations. The model mesh comprises both triangular and quadrilateral
elements, enabling an accurate representation of water bodies.

The RMA-2 model (RMA-2, 1997; Version 6.3c, King, 1997) is a two dimensional (depth-averaged)
hydrodynamic model. The RMA-10 hydrodynamic model (RMA-10, 2016: Version 8.7sKing, 1993)
includes salinity coupling and also has three-dimensional capability. In both models, wetting and
drying options allow floodplains and marshesto incorporated into the simulations. The RMA-11
model (RMA-11,1997. Version 3.2C) iswater qualitymodelwhich simulates waterqualityproce sses
based on the results from an RMA hydrodynamic model. In this project, the processes modelled
were the advection, dispersion and decay of Enterococci.

For this project, all models were used in depth averaged mode, meaning that velocities and
concentrations were modelled as a single value at each point, representing the average
velocity/concentration in the water column at that point. Spatialre solution isalso limited by the size
ofthe mesh (elements are upto several hundred metreslong) and by the resolution ofthe SOURCE
catchment model which providesinputs. Results in an area of the river should be considered
indicative of the average water quality throughout the area, without taking into account localised
effectsof particular discharges.

4.2 Hydrodynamic models

Fourseparate model meshes were used to modelthe Parramatta River. The two most significant
tributaries, the Upper Parramatta River and Upper Duck River, as well as Vineyard Creek, a
catchment with disproportionate sewer overflowinput, were modelled in RMA-2 from the tidal limit
upstream. This allows the model mesh to be exended upstream, covering a significant range of bed
elevation, and for these upstreamriver models to include weirs and other flow controlstructures.
The Parramatta River estuary was modelled as a depth-averaged RMA-10 model with salinity
coupling.

The meshes for the upstream models (Upper Parramatta River and Upper Duck River) were
originally developed for Sydney Water’s Wet Weather Overflow Abatement Sydney Harbour water
gquality models (Sydney Water, 2014). The estuary mesh was adapted from the Sydney Harbour
estuary model, cut off at Woolwich/Birchgrove. The hydrodynamic parameters and friction
coefficientsused were the same as those originally used in the Sydney Harbour modelling, shown
in Table 4-1andFigure4.1.

Table 4-1 Hydrodynamic parameters

Turbulence coefficient Dffusion (m2/s)
Upstream models 0.5 0.08 (in direction of flow)
0.5 (lateral)
Estuary 0.2-03 1
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Figure 4.1 Map of Manning's n friction coefficdents used in hydrodynamic models
The boundary conditions for the hydrodynamic models are;

+ Catchment flows foreach SOURCE model catchment, added to the hydrodynamic models as
elementinflows. Forthe estuary model, the flows atthe downstream boundary of the
freshwater models are additional element inflows.

* In the freshwater models, baseflowisapplied as a constantflowacross the upstream
boundaries. For Upper Parramatta River and Vineyard Creek, this baseflowis initially artificially
high to achieve modelstability in the steeper parts of the system, and corrected after the
hydrodynamic model isrun.

* The tidalwaterlevelatthe downstream boundary, taken from runsofthe Sydney Harbour
estuary model, which itself has a tidalboundary condition given by water level observations at
Camp Cove.

A validation run ofthe RMA modelswas conducted forthe period 2013-2014, covering the events
where sampling was conducted for the purpose of calibrating the Sydney Harbour model.

Modelled flowswere compared with flows calculated from observed water levelsand rating curves
atthree locationsin the Upper Parramatta catchmentfor periods of differentlength starting with the
first half of 2013. Modelled and observed flows were compared in the estuary at two transed
locationsduring dry weatherin December 2013 and atfive locations after wet weather in August
2014.

The freshwater location results were compared on the basis of the 15-minute model timestep.
Generally, this will produce worse NSE and percent bias statistics than daily or monthly flows.
Despite this, the NSE results for the short periods involved were good at Cumberland Hospital and
Marsden Weir, and satisfactory at Johnstons Bridge. All three sites showed a low % bias, partly
explained by a tendency for modelled flowsto be slightlyhigh in the tails of events.
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Table 4-2: RVIA river model calibration statistics.

Johnstons Bridge Cumberland Hospital Marsden Weir
NSE 0.56 0.81 0.80
% bias -64 -32 -37
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Figure 4.2: Parram atta River at Cumberland Hospital comparison between modelledand observed flow s
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Figure 4.3: Toongabbie Creek at Johnstons Bridge co  mparison betw eenm odelled and observed flows

Sydney Water and ENSure JV - Commercial in Confidence Page | 38



——OBS flow ——MODEL flow
200

180

160

140

120

100

Flow (m?3/s)

80

60

40

20

0

N
\'lz a
Q¥ 3 S S 3

A o & & AN Q)

Figure 4.4: Parram atta River at Marsden Weir gauge  comparison between modelledand observed flows

For the estuary sites, the observations comprised of four or five data points over a tidal cycle for
each of the events. Comparison with the model results show generally a good fit, with a slight
tendency for the modelto underpredict the magnitude of tidal flows atthe downstream end ofthe
river.
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Figure 4.5: Com parison of observe and modelled flow s in the Parram atta River estuary over one dry and one w et
w eatherevent
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4.3 Enterococci models

Enterococciconcentrations are modelled in RMA-11 using the results of the hydrodynamic models.
The concentrations of the element inflows are determined by the catchment model. At the
downstream boundary, tidal inflows have a concentration equal to 60% of the mean concentration
of the outflows during the previous phase of the tide. The processes modelled are advection-
dispersion and decayof Enterococci. The parameter for the decay equationis a T90 of 40 hours,
thatis, a half-life of 12 hours. The decay parameter, calibratedto observations, therefore accounts
for die-off, settling and resuspension in a single decayrate.

Model results were compared with a range of observations. In the Upper Parramatta River
catchment, councildata was available for Parramatta CBD locationsin 2013, and Lake Parramatta
in December 2014. During January-duly 2013, enterococci observations were collected at four
locations, using autosamplers triggered by water level sensors (Sydney Water data). Each
autosampler collected multiple samples over each of atleast six wet weather events. The events
sampled included events where nearby wastewater overflows were known to discharge, and others
where the impact of overflows was less direct. An autosamplerwas used in the same way at one
location in Vineyard Creek, capturing six events between November 2013 and August2014.

Sampleswere collected from six locations in the estuary during a wet weathereventon 20 August
2014 and then daily from 22-25 August, in order to validate the modelling of the tidal processes
dispersing the constituentsaftera wet we atherevent. Where relevant, samples were takenat several
depthsin the water column. The time series plots below compare all samples with the depth-
averaged modelresults.

Calibration ofthe decay parameter was undertaken to fit the slope of modelled results after events
with the observationsasbest possible across the sites. The tidalsites were most importantin this
process, asin the upstream models the Enterococci from each eventis quickly washed downstream
and the effectofthe decay parameter is less visible.

In the final results, some discrepancies can be seen. In particular, the model is expectedly less
reliable close to the downstreamboundaryat Cockatoo Island, and thedownstream Lake Parramatta
sites (LP1 and LP2) are more reliable than the upstream ones, where the dilution effects are
underestimated. Overal, the modelappearsto be reproducing the relevant processes correctly,
making the combination of the Source model and RMA models appropriate for comparison of
different scenarios.

Recommendationsfromthe StrategicAnalysisof Water Quality in the Parramatta River (PCC,2016)
with respectto a targetted monitoring programs at key site s, will provide useful data to further refine
the modelsand their performance.
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Figure 4.6 Comparison between observed and modelled Enterococci concentrations at Upper Parramatta Rv ~ er sites in 2013, Y-axis is concentration (CRJ100m L)
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Figure 4.7 Comparison between observed and modelled Enterococci concentrations at Lake Parramatta, Dec  ember 2014. Y-axis is concentration (CFU100mL).
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Figure 48 Comparison between observed and modelled Enterococci concentrations at Vineyard Creek.Y-ax  is is concentration (CFL/100mL).
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Figure 49 Comparison between observed and modelled Enterococci concentrations at Parramatta River est uary sites, August 2014. Y-axis is concentration (C ~ FU100mL).
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5 Scenario Conceptualisation

Without interventions, wastewater and stormwater will increase with population growth, causing
furtherstressto the water qualityof the Parramatta River. Capturingthe impactsofpopulation growth
in 2025 was a key driver in sce nario conceptualisation. Population growth and land use change was
represented in the SOURCE Catchmentmodel. Population growth was represented through land
use change (andthe consequent densification of population) and in wet weather ove rflow (WWOF)
discharge. Each scenario was configured within the SOURCE model, and outputs were used as
inputs to the RMA scenario models.

Through a series of stake holder workshops, seven scenarios were conceptualised from a long list of
options(see Technicalmemo 2 — Scenario Workshop in Appendix2). T he sce nariosmodelled were:

« The baseline (current conditions),

*  Business As Usual (BAU) and no WWOFs book-end sce narios to encapsulate the Enterococci
pollution contextin 2025, and

* Fourintervention scenariosto mitigate stormwater and wastewaterimpacts.

A summary of scenariosis illustrated in the scenario matrix (Figure 5.1), with detailed descriptions
given in the following sections.

51 Scenario metrics

Scenario results reported from each of the RMA model outputs are compared to the calibrated
baseline model forthe full 10 year sce nario modelling period (1984-1994), and used to assess each
site accordingto the NHMRC 2008 guidelines. The NHMRC 2008 guidelines are used to categorise
the microbial risk associated with recreational water quality based on measurements of the 95%
percentile intestinal e nterococcidensities. The applied microbial water quality objective s categories
are givenin Table 5-1.

The scenario simulation period was from 1 Jan 1984 to 31 Dec 1994, with a 2 yearwarm-up period
(1Jan 1983 —31 Dec1984). Thissimulation periodwaschosen as a 10-year period re prese ntative
oflong term historical rainfall (1913-1995).

Table 5-1: Microbial water quality objectives (NHMR C 2008 guidelines)

NHMRC 2008 Enterococci Concentration Estimation of human health risk (source: NSW Beachwatch
category (CFU100mL) program)

A* <40 No iiness seen in most epidemiological studies

B 41-200 Woper threshod is above the threshold of illhess

transmission reported in most studies

C 201-500 Represents a substantal elevation in the probabilty of
adverse health outcomes

D >500 Above this level there may be a significant risk of high
levels of ilness transmission

*Beachwatch compliance - Location has generally excellent microbial water quality and very few potential sources of faecal pollution
Wateris conddered suitable for ssimming for almost all of the time

**Beachwatch compliance- Locationhas generally good microbial water qualityand water is conddered suitable for svimming for mos
of the time. Swimming should be awided during heavy rain, and for up to one day at ocean beaches and three days at estuarine sites
following heavy rain.
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Scenatrio reporting metrics for the modelling period included:

«  For each swimming site, the 95" percentile enterococci concentration, and the corresponding
NHMRC 2008 category (reported from RMA model outputs).

* For each swimming site, the number of swimmable dayswhere the 95" percentile e nterococci
concentration isless than Category B objective of 200 cfu/100 mL (reported from RMA model
outputs).

* For each subcatchment, the meanload of enterococciacross subcatchmentsto indicate
‘hotspots’ (reported from SOURCE model outputs).
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1
Baseline

Population growth

cument land use

2025 projected change in residential
density

2025 projected change in residential density

catchment rainfall- | Historical flows Increased impervious areas > Flow reduction from Flow reduction from As per scenario 2 Flow reduction from
runoff increased runoff rainwater tanks and rain rainwater tanks and rain rainwater tanks and
gardens gardens rain gardens
- MEDIUM water reuse fo - HIGH water reuse to - HIGH water reuse to
existing areas existing areas ‘existing areas
- HIGH water reuse fo new - HIGH water reuse fo new - HIGH water reuse fo
growth areas growth areas new growth areas
Enterococci Historical Increcsed diffuse loads - MEDIUM level pet waste - HIGH level pet waste As per scenario 2 - HIGH level pet waste
concentralions concentrations removal [15%) removal [30%) removal (30%)
(diffuse) - 90% reduction in - 90% reduction in - 90% reduction in
Enteracocci from rain Enterococci from rain Enterococci from rain
gardens gardens gardens
Wet-weather Historical point- MOUSE model Remove WWOFs As per scenario 2 As per scenario 2 Discharge from high Discharge from high
Overflows (WWOF) | source discharge 2020 WWOF volume overflow volume overflow
discharges reduced fo 0 reduced to 0

Figure 5.1: Scenario modelling m atrix

Sydney Water and ENSure JV - Commercial in Confidence

Page |47



5.2 Business as Usualscenarios

Two ‘Business as Usual’ (BAU) scenarios provideda ‘book end’ of water quality conditionsin the
catchments impacting proposed swimming sites before implementation of management
interventions. The two BAU scenarios included:

1. BAU 2025 -2025projected land use and WWOF discharge factored for population growth
under historical climate.

2. No WWOFs -2025 projected land use factored for population growth under historical climate,
butwith no WWOF discharge.

Essentially, the BAU 2025 scenariowill give an indication ofworst case. Althoughthe no WWOFs
scenario is unrealistic it will give an indication of the relative contributions of diffuse versus point
sources to increased Enterococcipollution.

The BAU 2025 scenarios were assessed against the calibrated baseline model, which represents
current(2017) land use and Wet Weather Overflows (WWOF) discharged under historical climate.

521 2025 Land Use

Population growth is represented asa change in land use areathatreflectsthe estimatedincrease
in residential dwelling projections for 2025. This has been considered for both new precind
redevelopmentsand forresidentialinfillallotments(e.g. subdivisions). Theestimatesare broad scale
for each precinctandforeach LGA, giventhat population projectionsare under regular revision.

Growth projection data was obtained from Sydney Water for new precincts (Figure 5.2) and for
residential infill for each Local Government Area (LGA) as residential dwelling numbers. The data
was available for 2020 and 2031 projections;therefore, 2025 projectionswere determined asthe
difference between the medium projectionsfor 2020 and 2031 and the percent change determined
from 2015 existing dwelling numbers(Table 5-2). T he percentchange in dwellingswasusedto scale
residential landuse areas.

Changesto baseline land use are driven by expansion ofresidential land use types, wherebylow
densityareasgrowinto mediumdensity areas (i.e., mediumdensityareas increasedin size atthe
expense oflowdensity areas), andmedium density areasgrowinto high densityareas. For precincts
thatwere largelyindustrialand commercial, it was assumed these areas changed into high de nsity
residential.

Parkland, roads and waterlanduse areasre mained unchanged, although roadsassociated with new
precinct areaswere noted as ‘Precinct roads' in orderto apply specific intervention options for
scenarios (discussed in Section 5.3.1). Changesto areaswere appliedto new precinctareas first,
and thenthe remaining areaswere changed as perthe LGA growth percentage.

Figure 5.3illustratesthe overallpercentchange inland use areas across the catchmentto represent
a 2025 landuse inputto the model.
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Figure 5.2: Location of new growth area precincts ( black hash area) overlaying baseline (current) land  use.

Table 5-2: Precinct and infill percentgrowthin re  sidential dw ellings by 2025 (data provided by Sydne y Water).

Precinct % change

Greater Parramatta to Olympic Peninsula

Westmead Health 35%
Parramatta North 100%
Parramatta CBD 64%
Camellia 100%
Sydney Olympic Park R%
Wentw orth Roint PP 100%
Wentw orth Point Fairmead 53%
Carter Street 100%
Rhodes 21%
Parramatta Road Urban Transformation

Granvile 89%
Auburn 64%
Homebus h 5%
Burw ood 64%
Kings Bay 84%
Taveners Hill 2%

Other precincts
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Precinct % change

Rhodes East PP 80%
Holroyd 43%
Telopea 9N%
Shepherds Bay 74%
Infil growth

Blacktow n LGA (West Central District) 30%
Burwood LGA (Central Dstrict) 1%
Canada Bay LGA (Central Dstrict) 29%
Canterbury-Bankstow n LGA (West Central District) 48%
Qumberland LGA (West Central District) 1%
Hunters Hill LGA (North Dstrict) 67%
hner West LGA (Gentral District) 25%
Parramatta LGA (West Central District) 3B%
Ryde LGA (North District) 56%
Strathfield LGA (Central District) 48%
The Hils LGA (West Central District) 3%

BAU 2025 % change in landuse area

Road
Parkland
Medium Density Residential |
Low Density Residential _
Industrial _
High Density Residential _
Commercial i

-80% -60% -40% -20% 0% 20% 40% 60% 80%

Figure 5.3: Change in land use types for Business a s Usual 2025 land use representation.

The resulting change in landuse for BAU 2025 was reflected in the changein imperviousfraction
(Figure 5.4), which was around a 5% increase in imperviousness across the catchment. This results
in increased runoffand a subsequentincrease in Enterococci loads. Converselyfor some precind
areas, conversion of industrial and commercial landuse to high density residential, will result in a
decreasein imperviousness (up to 30%) and therefore a decrease in Enterococci loads.
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Figure 5.4: Percent change in impervious area acros s catchment

52.2 2025 wet weather overflows

MOUSE model outputs for BAU 2020 scenario were provided from Sydney Water. Although the
MOUSE modellingwas for 2020 future time horizon, this was assumed to be suitable to represent
2025 projected demands and discharge volumes.

On average subcatchment WWOF volumes increase around 3% in 2025, with some sub catchments
exhibiting an increase in WWOF discharge volumes of up to 48%.

53 Intervention scenarios

Catchment intervention scenarios were considered as medium and high intervention scenarios,
where different levelsor ‘strictness’ in stormwater harvesting controls and petwaste policies were
tested. For new growth areas, a high level of intervention was adopted in both scenarios, and
mediumto high level of intervention was ad opted to existing areas considered as retrofit.

53.1 Stormwater harvesting (MUSIC modelling)

Stormwaterinterventions are focused on removing the Enterococci loads to the River via harve sting
and bio-retentiontechnology. In particular, there wasa focus on rainwater harvesting via rainwater
tanks on residential, commercial and industrial properties. Rainwater capture reduces the amount of
stormwater that flows to the waterway and therefore the amount of pollutants delivered. Further,
raingardens (pocket bio-retention systems) on roads in new growth areas were also included as
optionswithin the scenarios. This assumesthat there is a direct linear relationship between flows
and Enterococciloads.
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MUSIC modellingwasundertakento determinean overall percent reduction in runoffthatwould then
be upscaledtothe catchmentmodelasa % reduction factor on the rainfallrunoff model. The MUSIC
modelrepresents a 1-hectare scale urban area ‘case study’ (Figure 5.5).

The following 2025 case studies were modelled in MUSIC:

* S01:Residential Low Density, Rainwater Tank for medium and high Scenarios

+  S02:Residential Medium Density, Rainwater Tank for medium and high Scenarios
* S03:Residential High Density, Rainwater Tankfor medium and high Scenarios

* S04:Roads, Bioretentionfor medium andhigh Scenarios

*  S05:Commercial, Rainwater Tankfor medium and high Scenarios

» S06:Industrial, Rainwater Tank for medium and high Scenarios

4.

I } HD M Resi Roof 50% [Ro | l % : ! :

i Reat b fheoh HD M Resi Pervious [Ressdential]
[

HD M Resi Roof 50% [Roof]] ~—HD M Resi Impervious [Residential]—

Rainwater Tank MEDIUM Scenario

["Junction

| 1 T T T | 1 | ] | T T T
@ HD H ResiRoof 0% [Roof] | | .: HOD H Resi Pervious [Residential] |

HD H Resi Roof 50% [Roof] -

HD H Resi Impervious [Residential]

Raimwater Tank HIGH Scanario

—Junction

Figure 5.5: MUSIC Modelcase study (example for med ium and high intervention scenarios)

The parameters and assumptions adopted for each case study are given in Appendix4.. Data was
obtained from Sydney Water and NSW MUSIC modelling guidelines (Wittetal., 2015). Where NSW
datawasunavailable,Melbourne Residential WaterUse Studiesparameters(Athuraliya, 2013) were
used.
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The key differences between medium and high stormwater harve sting options are:
Medium interve ntion —
» assumesre-use fortoilet flushing and garden watering;
*  50% ofhouse roofs connected to tanks;
* 50 % shops/industry buildings have tanks
High intervention—
» assumesre-use fortoilet flushing, garden watering, and washing machine
« 90% ofhouse roofs connected to tanks;
*  90% ofshops/industry buildings have tanks

Results of the MUSIC modeling andthe adopted percent reduction in flows are given in Table 5-3,
Table 5-4, and Table 5-5. Rainwater tank flow reductions were appliedto the quick- and basefow
components of the rainfall-runoff model (SURM), and raingardensflow reductions were applied to
the quickflow component of SURM. Raingardenswere only applied to the proportional area ofroads
within growth areaprecincts.

Table 5-3 Residentia landuses percent reduction in flows from rainw ater tank harvesting derived from MUSIC
m odelling

RAINWATER Medium Intervention Scenario High Intervention Scenario

TANKS

Low Medium High Low M edium Hgh
Density Density Density Density Density Density
Residential Residential Residential Residential Residential Residential
Tank Sze 6kL tank 3kL tank 1kL tank 6kL tank 3kL tank 1kL tank
Total How no 105 10.7 109 10.5 107 10.9
tank (ML/yr)
Total How with 9.29 921 8.56 8.79 8.%4 754
tank (ML/yr)
% Reduction 11.5% 13.9% 21.5% 16.3% 20.2% 30.8%
applied to
SURM

Table 5-4: Roads landuse percent reduction in flows from raingardens (applied to new precinct areason ly)
derived from MUSIC modelling

RAINGARD ENS
(BORETENTION)
Medium (2% of catchm ent High (3% of catchm ent
harve sted) harvested)
Total How no bioretention (ML) 971 9.71
Total How w ithbioretention 921 8.75
(MLyr)
% Reduction applied to SURM 51% 9.9%
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Table 5-5: Commerciaand Industrial landuse percen t reduction in flowsfrom rainwater tank harvesting derived
from M USIC modeliing

Com mercial Industrial

RAINWATER TANKS

Medium Medium
Tark Sze 2K tank 2K tank 4k tank 4k tank
Total How no tank (ML/yr) 8.28 828 10.5 10.3
Total How withtank (MLAT) 7.93 7.75 10.3 9.98
% Reduction applied to SURM 4.2% 6.4% 1.9% 31%
53.2 Petwaste control

Thereis little published information in Australia (and generally internationally) on the effectiveness
ofpet waste removal programsthat translatesinto a quantifiable load reduction that could be used
to inform the modelling.

A single Australian study (Gough, 2013), conducted by Pure Profile for pet healthcare company
Mibemax, surveyed 1000dog ownerson their behaviour in relation to waste removal. The survey
found onaverage:

+  58% of ownersdispose of their dog's waste
*+ 9% neverdispose of their dog's waste

+  33%of ownerswaitup to a week to dispose oftheirdog’swaste in their own backyards (in
NSW)

The original reportfrom Pure Profile was not able to be obtained, so these numberswere verified
based on surveys conducted bythe Centre for Watershed Protection of Chesapeake Bay (USA) on
residents behaviours and attitudes regarding pet waste disposal (CWP, 1999). The CWP (1999)
report provided similar survey results for Maryland and Washington studies in the USA. These
studies reported, on average 60% of community generally dispose of pet waste, and 26% of
community never pickup after their pets.

These studies supported the statistics produced bythe Pure Profie report, although the percent of
communitywho neverdispose of petwaste was higher. Forthe scenario modellingthe following was
adopted:

*+  60% of community generally dispose of pet waste.
*  10% of community never pickup after their pets.

The scenario then considersthe remaining 30% of pet owners that can be influenced by community
programs and policy incentives. For high level of catchment interventions, the scenario assumed the
full 30% of petownerscan be influenced and will pick up after their pets (optimal outcome). For the
medium level of catchment intervention sce nario, itwas assumed 15% of pet owners will dispose of
waste. It is noted thatforeffe ctive microbial reductionsitis importantthat petownersnotonlyremove
waste when walking their dogsin parkland oraroundresidentialareas, but also remove waste in
their own backyards. For this reason, the modelling has assumed reduction on both cat and dog
sources collectively.

These factorshave then been interpreted in the modelas a reduction in the number of dogs and
cats contributing to the deposition rate, which equatesto a 11% reductionin the EMC and DWCs for
medium intervention scenario and 18% reduction in EMC and DWCs for the high intervention
scenario.
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53.3 Target wetweather overflows

Comparisons of the BAU and No WWOFs scenarios illustrated the key ‘hot spots’ within the
catchment that are largely driven by the influence of sewer overflows. This resulted in ten
subcatchmentbeing identified. Individual ove rflows within these ten subcatchments were assessed
for those that produced the largest discharge volumes, and consequently contribute the highest
loads to the river (Table 5-6). The timeseries inputs for the selected overflows were set to zero
discharge in the Target WWOF scenario. Thisresulted in ten subcatchments within the model with
reduced WWOF discharges (Figure 5.6).

Table 5-6: Wet weather overflow sassessed for Targe  t WWOF scenario

SOWRCE Number of WWOF with Daily Maximum % of Total of all
Subcatchm ent WWOFs in largest discharges mean flow Volume WWOF wvolum e
subcatchm ent (MOUSE Model rate (M L/d) (ML/d) per
codes) subcatchm ent
SC #119 4 W481797Q 338 5.54 78.0%
2 W260332Q 446 8.2 40.8%
SC #1565
W260344Q 6.87 11.28 59.2%
SC #165 2 W2479%41Q 434 7.62 83.7%
SC #168 1 W247943Q 10.62 21.16 100.0%
SC #172 1 W247942Q 2421 42.27 100.0%
4 W47014Q 438 9.7 49.7%
SC #192
W50141Q 379 9.44 24.2%
SC #203 1 W47015Q 479 1.4 100.0%
4 W384599Q 17.63 27.36 24.8%
SC #2717
P384682Q 27.24 41.45 42.5%
SC #48 1 P384668Q 05 0.54 100.0%
3 W384559Q 772 17.21 31.0%
SC #63 W384584Q 2827 56.48 32.0%
P479681Q 117 136 37.0%
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Legend
"' Target Overflows
®  Swim Sites
—+— SOURCE Links
. RMA Model Boundary
[ SOURCE Catchments

Figure 5.6: Target wetw eatheroverflows (WWOF) sub  catchm ent locations.

534 Combined intervention scenario

Swim Sites Legend

- Lake Parramatia
- Liftle Caogee

- Parramatta CBD
- MacArthur St Bridge
- Silverwater Park

- Meadow Bank

- Brays Bay

- Putney Park

- Kissing Point Park
10 - Cabarita Beach

11 - Quaratine Reserve
12 - Henley Baths

13 - Bayview Park

14 - Chiswick Baths
15 - Callan Park

6 - Dawn Fraser Pool

O - LN

The high catchment intervention options and target WWOF are combined into a single scenario as

a measure of the ‘optimal’ load reduction measures.

Sydney Water and ENSure JV - Commercial in Confidence

Pege | 56



6 Scenario modelling results

6.1 Changesin Enterococciloads acrossthe catchment

The scenario modelling results atthe catchment-scale are reported asthe mean Enterococciloads
for each link in the SOURCE catchmentmodel. The modelled load within the links representthe
cumulative subcatchment runoff and Enterococci concentration, attenuated by instream die-off
processes. Therefore, as Enterococci are generated within the upper subcatchments, dilution and
decay occurs within the linksreducing the load towards the river main stem. The se attenuated loads
therefore differ by an order of magnitude comparedto the source loadspresentedin Figure 3.13.

The SOURCE model gives an indication of the degree of risk of Enterococci contamination from
different sources. Figure 6.2 shows the mean Enterococci load forthe Baseline (current conditions)
scenario. Hot spots of high loads are illustrated by orange and red coloured subcatchments The
modelling demonstrates the cumulative impacts of these high loads at the confluence of several
tributariesin the Upper Parramatta at Marsden Weir. The effect of attenuation on loads can be seen
in subcatchments closertothe main river. The background Enterococciloadse stimatedbythe model
from diffuse sources are significant and outweighsthe influence of wet weather overflow sources.
The modelling found that diffuse sourcesaccount for 71% of overall catchment enterococci loads,
comparedto 29% of loads from wet weather overflows.

Figure 6.1 illustrates the distribution of subcatchments based on the proportion ofdiffuse and wet
weather overflow contribution to total catchment enterococci loads. For the majority of
subcatchments (187), diffuse loads are the highest contributors to total catchment loads (greater
than 60% contribution), noting that many of these subcatchments (132) are not influenced by wet-
weather overflows. However, for the remaining subcatchments it is clear thatboth diffuse and point
sources are factorsinfluencing the total enterococci loads in the River and need to be conjunctively
managed.

Wet weather overflow source loads Diffuse source loads

m 100% - 80%
B7%% - 60%
059% - 40%
0O39% - 20%
19% -0.1%
@ 0%

Figure 6.1: The distribution of subcaichments as a percent of diffuse sources and wet weather overflow
Enterococd loads. Vaues inside each segment of th e pie chart is the number of subcatchments that fal | within
the percentage ranges.

Comparing the percent change in Enterococci load between BAU 2025 and Baseline conditions
(Figure 6.3) shows in the majority of the subcatchments Enterococci loads will increase by around
10 - 25%, mostly due to the expansion of high density residential areas and an increase in
imperviousness (Figure 5.4). In some subcatchments there is a substantial decrease in loads as
commercial and/or industrial areas have been converted to high density residential resulting n a
decreasein imperviousness (Figure 5.4).

Removalof all WWOF from the catchment(Figure 6.4)illustrates the percent reductionsin loads
thatcould be achievedin comparisonto the BAU 2025loads. Regionsin darkgreen showa reduction
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in loads of between 50 to 90%, andthesewere chosenasthe focusofthe Target WWOF scenario
asitwas thought theywere the largestcontributorsto highloads.

Catchmentintervention scenarios comprising of reductionin Enterococci loads due to stormwater
harvesting (rainwater tanks) and petwaste controlresulted in a 5to 25% reduction ofloads for the
medium level of intervention scenario (Figure 6.5). In the high level of catchment intervention
scenario, a reductionofup to 50% load reduction was e stimated (Figure 6.6).

The target overflows scenarioresultsin a substantial change in loads of greater than 50% from BAU
2025 conditions (Figure 6.7), albeit with a lesser reduction for the upper Parramatta sites with 6%
change in loads. This indicated that the upper Parramatta diffuse sources are the dominant
contributor to Enterococciloads.

Combining high catchment interventions and target overflows gives an overall increase in the
reduction ofEnterococciloads fromBAU 2025 across the catchment (Figure 6.8),where future loads
are reduced backto currentlevels,andin manyparts of the catchmentsfurtherimproved onbaseline
loads.

A summary of the key SOURCE catchment modelling results for each intervention scenarios for
each LGAisprovidedin Appendix5:.
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Swim Sites Legend PARRAMATTA RIVER CATCHMENT GROUP
Parramatta River Catchment Model

1 - Lake Parramatta

2 - Little Coogee Baseline Model

3. Parramatta CBD - Enterccocel Mean Load (cfuid)
4 - MacArthur St Bridge

5 - Silverwater Park |

6 - Meadow Bank Legend

7 - Brays Ba 2

8- Putﬁey Pgrk ® Swim Sites

9 - Kissing Point Park _ ol [T RMA Model Boundary
10 - Cabarita Beach i : : . ; G| S

11 - Quarantine Reserve .~
12 - Henley Baths

13 - Bayview Park

14 - Chiswick Baths
15 - Callan Park

16 - Dawn Fraser Pool
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Figure 6.2 : Baseline mean Enterococci load (CRUJ/d)
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L PARRAMATTA RIVER CATCHMENT GROUP
Swim Sites Legend Parramatta River Catchment Mode!

1 - Lake Parramatta BAU 2025 Scenario
2 - Little Coogee % change in Enterococci mean load from Baseline
3 - Pamamatta CBD
4 - MacArthur St Bridge Legend
5 - Silverwater Park o
& - Meadow Bank ®  Swim Sites
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9 - Kissing Peint Park [/ Precincts
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Figure 6.3: Business as Usual 2025 scenario — Perce nt difference in Enterococc load (CFUd) from Base line loads. Negative percent indicates a reduction in loads fram
baseline.
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i PARRAMATTA RIVER CATCHMENT GROUP
Swim Sites Legend Parramatta River Catchment Model

No Wet Weather Overflows Scenario
% reduction in Enterococci mean load from BAU 2025

1 - Lake Parramatia

2 - Little Coogee

3 - Parramatta CBD

4 - MacArthur St Bridge
5 - Silverwater Park
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Figure 6.4: No Wet Weather Overflows (WWOF) scenari 0 — Percent difference in Enterococd load (CFUd) from BAU 2025 loads.
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Swim Sites Legend PARRAMATTA RIVER CATCHMENT GROUP
Parramatta River Catchment Model

1 - Lake Parramatta
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2 - Little Coogee % reduction in Enterococci mean foad from BAU 2025 {CFU/d)
3 - Pamamatta CBD B
4 - MacArthur St Bridge @ Swim Sites
5 - Silverwater Park :
6 - Meadow Bank —»— SOURCE Links
7 - Brays Bay VA Precincts
& - Putney Park

| RMA Model Boundary

MED Intervention Mean Load
[ J1-10%

[ ]w-25%

25-50%

B s0- 5%

- >75%

9 - Kissing Point Park
10 - Cabarita Beach

11 - Quarantine Reserve
12 - Henley Baths

13 - Bayview Park

14 - Chiswick Baths

15 - Callan Park

16 - Dawn Fraser Pool

COPYRIGHT, T concests
o e Darramatts Biver CalhTl GIoue.

LUS2 37 05¥iA O ¢ BOEUMnt 1 whEW Of I 531 WEhout MM wTTIEN DEFIBEDR OfthE
Baamatia fver of

e comumen 3

3eHpt ERDATY S5 Ay D66 SRHED OF ANENG NS IETINCE LDON MOFTINGN SYOVEH] RERT. N
Featet 10 Jaccos Gocument: ¥normatary
Tiecine | 5 | MXDF Aesuts_LoassCrangeinGADS_VEDItirvestion_VO1 m 4 05 1 2 3

Figure 6.5 : Medium level of catchment intervention scenario — Percent change in Enterococci load (CFU  /d) from BAU 2025 loads
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Swim Sites Legend PARRAMATTA RIVER CATCHMENT GROUP
Parramatta River Catchment Model
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Figure 6.6 : High level of catchment intervention s  cenario — Percent change in Enterococci load (CFUM ) from BAU 2025 loads
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PARRAMATTA RIVER CATCHMENT GROUP
Swim Sites Legend Parramatta River Catchment Model
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Figure 6.7 : Target WWOF scenario — Percent change in Enterococci load (CFUM) from BAU 2025 loads
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Swim Sites Legend Parramatta River Catchment Mode!
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Figure 6.8 : Combined high level of catchment inter ~ vention + Target WWOF scenario — Percent change in  Enterococci load (CFUd) from BAU 2025 load
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6.2 Swimmability assessment for each swim sites

6.2.1 Variation in Enterococciconcentrations

The resultsfromthe RMA models provide an estimate of how e nteroco cci concentrations vary near
each site over time. There are slight differences in the distribution atdifferent times of the year, in
particular, elevated median concentrations in Autumn months (see Figure 6.9). However, the
variation overtime is most stronglyrelatedto rainfall.

Parramatta CBD Savenvater Park

I | - | r—r

U [ S I |
HHHRAARHAHHE
. I

Endorococs foher i 00em)
Brberoasctl fehart D0 )

| .
e 1
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Figure 6.9: Monthly enterococci concentration boxpl ots for BAU scenario at Parramatta CBD and Silverwa  terPark.
Coloured lines correspond to NHMRC categories (Gree  n = 40 —200 CRJ/100mL; Yellow =200 —500 CFU100m L;
orange = 500 — 1000 CFU100mL).

The impact of rain can be seenin the following boxplots (Figure 6.10to Figure 6.12). For each site,
the BAU scenario modelled results are grouped based onthe previous day’s recorded rainfall (taken
from North Parramatta rainfall station). The middle 50% of results for each level of rainfall fall within
the range indicated by the box, while the whisker at the top extendsto the 95" percentile (consistent
with NSW Beachwatch State of the Beaches reporting).

The 95" percentile concentrationisa summary of the distribution which takes greater account of the
top-end variability in concentrations than other measures such as the mean. It is a value that
enterococc concentrations are below for a majority of the time, and are only higher for 5% of the
time (1 in 20).Otherways of looking atthe distribution include calculatingthe time above thresholds,
or equivalently, the number of swimmable days.

The change in enterococci concentrations when rainfall is greater than 5mm is noticeable for all
sites, except for Lake Parramatta where the response in concentrationsto rainfall is less variable.
During large rainfall events greater than 10mm, 95" percentile concentrations exceed the NHMRC
category B water quality objective, with the exception of Dawn Fraser Pool. These resultsillustrate
the importance ofthe amount of rainfall as a trigger for elevated 95" percentile concentrations.
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Figure 6.10: Enterococci concentration by preceding rainfal for BAU scenario at sites 1-6. Coloured | ines

correspond to NHMRC categories (Green= 40 —200 CF U100mL; Yellow = 200 — 500 CFUA00mL; orange =500
1000 CRJ/100mL).
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Brays Bay
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Figure 6.11: Enterococci concentration by preceding rainfall for BAU scenario at sites 7-12. Coloured lines

correspond to NHMRC categories (Green= 40 —200 CF U100mL; Yellow = 200 — 500 CFUA00mL; orange =500
1000 CRJ/100mL).
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Figure 6.12: Enterococci concentration by preceding rainfal for BAU scenario at sites 13-16. Coloured lines

correspond to NHMRC categories (Green= 40 —200 CF U100mL; Yellow = 200 — 500 CFUA00OmL; orange =500 —
1000 CRU/100mL).

6.2.2 AssessmentofRMA modelling results against NHMR C Guidelines

The scenario results from the RMA model gives a more detailed estimate of enterococd
concentrationsthanthe catchment modelaswellasthe number of days swimmable ata given swim
site. The 95" percentile is used by the NHMRC guidelines to relate observed concentrations with
levels of risk of ilness and so to provide a categorisation of microbial water quality at a particular
site. For model resultsthatdo not accountfor localised effects, categorisation by95t*percentile gives

a general indication of which parts of the river would fall in each NHMRC category under each
scenario.

Table 6-1 presentsthe 95" percentile concentrations for each scenario for each swim site. For all

sites there is an increase in the 95" percentile concentration under BAU 2025 conditions, butthere
is no change in NHMRC guideline category compared to baseline.

Generally, enterococc concentrationsare very high in the upper Parramatta reacheswhere swim
sites are located in freshwaters impounded by the weir, and progressively reduces from the
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MacArthur Street site towards the river outlet near CockatooIsland, due to the tidal flushing in the
estuary. The difference is significantwhen looking at dry weather concentrations after three days of
flushing in the estuary (Table 6-2). Lake Parramatta has substantially lower concentrations than
other UpperParramattasites,and is consistentwith findingsfromthe Strategic Analysisreport(Khan
and Byrnes, 2016).

Removing WWOFs improves water quality conditions for MacArthur Street, Silverwater Park
Bayview Park and Putney Park sites, decreasing the 95" percentile concentrations into a lower
NHMRC category. The same result can be achieved at Silverwater Park site by targeting high
dischargingoverflows, andthisis reflected inthe combined intervention scenario result. With resped
to Baywiew Park and Putney Park, turning off all overflows results in the 95" percentle
concentrationsreducing further below 40 CFU/100mL. However, the target overflowscenario does
not resultin the same outcome. There may be additional overflows further upstreamthatare still
contributing to high enterococci concentrations at the se sitesthat warrant further investigation.

Intervention scenarios show noticeable improvement in the 95" percentile concentrations for the
Brays Bay site, with swimmable conditions potentially achieved at concentrations less than 200
CFU/100mL. Forthe remainder of sites there is no change in NHMRC guideline category across
scenarios.
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Table 6-1: Assessmentof 95 " percentile concentration against microbial w ater g uality objectives (NHVIRC 2008
guidelines) calculated from the 10-year scenario pe  riod RMA model outputs. Intv. Abbreviation referst o]
catchm ent intervention.

NHMRC guideline <40 41 —-200 201 - 500 501 -1000 >1000
category (CFU/1200mL) (A: Very Low) B: Low) (C. Moderate) (D: Hgh) (Extreme)
Colour category

Swim Site 95th percentile concentration (dry weather)(CRJ/100m L)

Basell BAU No Target Medium Hgh Combo
seline 2025 WWOF WWOF Intv. ntv. Intv.

Lake Parramatta

Little Coogee
Parramatta CBD

MacA rthur St E_
=

Siverw ater Park

Meadow bank

Brays Bay

Kissing Point

Rutney Park
Cabarita

Quarantine Reserve
Henley Baths
Bayview Park
Chisw ick Baths
Callan Park

Daw n Fraser Pool

Fromthe RMA modelling, 95" percentile concentration maps covering the river extentare shown in
Figure 6.13 to Figure 6.19 for baseline and each scenario. Colours correspond to the NHMRC
recreational water quality objectives.

The above resultsin Table 6-1are a single concentration value (95" percentile calculated fromthe
10-year scenario period) taken fromthe nearestRMA modelmesh cell to each swim site location.
Conversely, these maps show the progressive change in 95" percentile concentrations from
upstream to downstream. Tidal flushing and dilution results in low concentrations suitable for
swimming conditions forsite s closer to the main channel,whereasthose site swithinlarger baysless
influenced by flushing, such as Bayview Park and Callan Park sites, exhibit higher concentrations.

Comparisons of BAU (Figure 6.14), no WWOFs (Figure 6.15) and high catchment intervention
(Figure 6.18) scenario maps ilustrate the extent of the NHMRC 95" percentile concentration
categories that could be gained by addressing either diffuse or point-sources of enterococa.
Addressing diffuse sources of enterococci extends the NHMRC Category B (Green) upstream close
to the Meadowbank site and into the larger bays, also reducing the extent of Category C and D 95¢
percentile concentrations. Conversely, addressing WWOF enterococci sources reduces 950
percentile concentrations in the upper reaches between MacArthur streetbridge and Meadowbank
sites, and in the deeper bays near Bayview Park site where WWOF s have a greater influence.
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Baseline

Enterococci (35th percentile)
MacArthur St Bridge

* Meadowbank

Wilsons Park
Kissing Point Park
Putney Park
*
Brays Bay
Upper Parramatta River
Loks Parramalta * Dawn Fraser Pool
Bayview Park
/ *Callan Park
arramatta CBD
NHMRC guideline <40 41-200 201 -500 501 - 1000 >1000
category (CFU/100mL) | (A: Very Low) (B: Low) (C: Moderate) (D: High) (Extreme)
Colour category
Figure 6.13: Baseline scenario 95 ™ percentile Enterococd concentrations for the RMA modelriver extent
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Figure 6.14: Business as usual (BAU 2025 scenario 95" percentile Enterococd concentrations for the RVA modelriver extent
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Figure 6.15. BAU 2025 + No w etweather overflows(W WOP scenario 95 " percentile Enterococd concentrations for the RMA modelriver extent
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TARGET WWOF
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Figure 6.16: Target wetweather overflows (WWOF) sc  enario 95t percentie Enterococci concentrations for the RMA modelriver extent
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MEDIUM INTERVENTION
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Colour category
Figure 6.17: Medium catchment intervention scenario 95" percentile Enterococd concentrations for the RMA m odel river extent
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HIGH INTERVENTION
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Figure 6.18: High catchm ent intervention scenario 9 5" percentile Enterococd concentrations for the RMA modelriver extent
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COMBINED INTERVENTION
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Figure 6.19: Combined catchm ent intervention scenar o 95" percentile Enterococd concentrations for the RVA modelriver extent
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6.2.3 Swimmability response after rainfall

An increase in microbialloads istypically strongly related to rain, as rainfall tendsto flush pollutants
from wastewater and stormwater systems into waterbodies (PCC, 2016). As a result, Beachwatch
advice is often setas’'do notswim’ at a site for 3 days after rainfall.

Results from the RMA modelwere used to calculate the 95" percentile dry weather concentrations
from 3 to 7 days preceding rainfall to determine if the 95" percentile concentrations are further
reduced following prolonged periods of dry weather. In this case dry weather is definedas 3 (up to
7)consecutive dayswhere rainfallisless than 1mm following the method of Khan and Byrnes (2016).
Rainfall recorded at the North Parramatta we ather station greaterthan 1Immwas consideredas a
‘rainday’.

Table 6-2 shows the results for the poorestwater quality swim sites. For sites downstream of
MacArthur streetbridge (andLakeParramatta), dry weather 95"percentile concentrationsall comply
with Category A NHMRC guideline regardlessof 3 or 7 days following rainfall, and are not further
discussed.

Dry weather concentrations remain poor for Little Coogee and Parramatta CBD sites, with minimal
impact ofintervention scenarios on reducing concentrations below Cate gory B NHMRC guidelines.
However, 5 days after rainfall the 95" percentile dryweather concentrations atthe Parramatta CBD
site decreasessufficiently to be within NHMRC CategoryB under both high andcombined catchment
intervention sce narios.

Three days after rainfall, the dry weather concentrations for the MacArthur street bridge site are
within NHMRC category A guideline under all sce narios, demonstrating the effectiveness of tidal
flushing in diluting concentrationsto acceptable levels.

Table 6-2: The 95" percentile dry w eather concentrations for poor wat erquality sitesfrom 3to 7 days preceding
rainfal lessthan 1Imm.

Litle Coogee
Days after Bseine | e | wwor | wwor | e | ini i
3 524 40 540 540 512 4% 496
4 455 471 471 471 42 427 427
5 369 380 380 380 354 341 341
6 296 305 305 305 285 274 274
7 237 245 245 245 226 217 217
Parramatta CBD
3 319 326 325 326 305 2% 2%
4 284 293 289 293 273 263 263
5 215 222 220 222 203 19%5 195
6 181 187 186 187 174 168 168
7 156 162 161 162 146 140 140
MacArthur Street Bridge

~Njo|jloalbdh W

Sites further dow nstream and Lake Parramatta al co  mply withNHVIRC Category A guideline
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However, given interventionscenariosare largely targeted at reducing inflows (and consequently
load) transporting Enterococci to the river, the impact of intervention scenariosis observed more
strongly on the 95"percentile concentrationsthatincludeboth dry andwetweather conditions. Table
6.3 showsthe 95" percentile concentrations (inclusive of both wetand dry weather conce ntrations)
for each scenario calculated based on the previous day’s recorded rainfall (taken from North
Parramatta rainfall station).

Intervention scenarios beginto show noticeable improvement in the 95" percentile concentrations
for sites downstream of Meadowbank, either arresting the trajectory ofincreased loads under BAU
2025 conditions,orimprovingonbaseline concentrationsasis observe d for Putney Park, Quarantine
Reserve and Bayview Park swim sites. These site 95" percentile concentrations fall below the
NHMRC category B objective thatindicateslowrisk conditions.

Table 6.3: Allweather95 ™ percentile enterococd concentrations for each sce nario calculated based on the
previous day’'s recorded rainfall.

(Zri:qc))ur rainfall Baseline BAU 2025 No WWOF WSL mt(\e/.dium High Intv. IC;?\T bo
Lake Parramatta

0

0-5

510

10-20

>20 2% 306 306 306 280 269 269

Little Coogee

0 1 735 735 735 691 668 668

0-5

510

10-20

>20
Parramatta CBD

0 505 532 532 532 477 44 44

0-5

510

10-20

>20

0

05 | 559

510

10-20

>20

0

o5 o5 | e | s0 | v @ | e | a1 |

10-20

>20
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Combo
Intv.

Target Medium
WWOF Intv.

Meadowbank

24 hour rainfall Baseline | BAU 2025 | No WWOF

(mm) | High Intv.

0-5

510
10-20

>20

Brays Bay

0-5

510

10-20

>20
Kissing Poaint

0-5

510
10-20

>20

0-5

510

10-20

>20
Cabarita

0-5

510
10-20
>20

Quarantine Reserve

0-5
510

1020

>20

Henley baths

0-5
510
10-20
>20
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Combo

24 hour rainfall | 5 | BAU 2025 | No WWOF | Tardet Medium | High Intv. | >

(mm) WWOF Intv.
Bayiew Park

0-5
510
10-20
>20

Chiswick Baths

0-5
510
10-20
>20

Callan Park

0-5
510

240 279 217 230 215 215
10-20 517 547 547 441 414 414

>20

0-5
510
10-20
>20

6.2.4 Increase in swimm able days

As an assessmentof swimmability, the objective of the modeliing is to test intervention sce narios
that maximise the number of swimmable days per year as measured by the 95" percentile
concentrationless than 200 CFU/100mL, and indicate where the greatest benefitcould be realised.
Table 6-4 gives the number of swimmable days for each scenario for each site. Cells highlighted in
red indicate a reduction ofthe number of swimmable days, and cells highlighted green indicate an
increase in the number of swimmable days compared to baseline.

Overall the modelling shows thatBAU 2025 conditions either have no impact or slightly decrease
the number of swimmable days, but the combined intervention scenario performs the best at
increasing the number of swimmable days across the majority of sites, improving on Baseline
conditions by up to an additional 9 swimmable days.

The modelling indicatesthat turning off all overflows impacting the Bayview Park swim site could
result in an additional 12 days of swimmability in a year. The targeted overflow scenario does
contribute to an improvement in swimmable days at this site, albeitby only an additional 2 days a
year. However, there are additional overflows in adjacent subcatchments upstream that are
contributingto the higher concentrations observed in the targeted overflow scenario. The feasibility
ofturning off all overflows impacting Bayview Park is unrealistic but further localised modelliing of
key overflows may assist in prioritising future infrastructure solutions.
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Table 6-4: Comparison of the number of swimmable da  ys for each swim site for each scenario, as measure  dby
the 95t percentile concentration less than 200 CFU/100mL. Cells highlighted in red indicate a reduction of th e
num ber of swimmable days, and cells highlighted gre enindicate an increase in the number of swim mable days
com pared to baseline. Cells not coloured indicate n o change from baseline.

+
= = i 5% ¥
m m c c I c O £
Lake Parramatta 357 357 357 357 358 358 358
Little Coogee 216 214 214 214 218 219 219
Parramatta CBD 241 238 238 238 244 246 246
MacA rthur & Bdg 302 299 307 300 306 307 307
Silverw ater Park 310 311 318 314 315 316 319
Meadow bank 323 321 326 34 325 327 329
Brays Bay 329 326 328 326 330 331 332
Kissing Point 349 348 352 348 350 350 351
Rutrney Park 354 353 358 353 355 355 355
Cabarita 358 358 362 359 359 359 360
Quarantine Reserve 356 356 363 360 356 356 361
Henley Bath 361 361 363 362 361 362 362
Bayview Park 348 A7 360 3b1 347 348 352
Chisw ck Baths 361 359 361 359 361 361 361
Callan Park 337 336 339 336 339 340 340
Daw n Fraser Pool 363 363 364 363 363 363 363
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7 Conclusions and Recommendations

An integrated catchment-river modelling frameworkhas be en adopted for supportingthe Parramatta
River Masterplan. This will contribute to an evidence-based strategy that aims to improve the
swimmablity of the river by 2025. The modelling frameworkis comprised of an eWater SOURCE
modelofthe Paramatta River catchmentsthat generates sub-daily Enterococci loads from a variety
of urban landuses and source pathways. Wet weather overflows (MOUSE modelling by Sydney
Water) provides point-source dischargesin the catchment model. Catchment runoffvolumes and
Enterococciconcentrations generated by the SOURCE modelare provided as inputs to the RMA
modelling suite that simulates the hydrodynamics and Enterococci fate and transport in the
Parramatta River. This is the first time combined wastewater and stormwater systems have been
modelled in such an integrated way for waterway managementin Australia.

The modelling framework has been used to calculate the expected Enterococci 95" percentile
concentrations near 16 proposed swimming sites along the river under a range of policy and
intervention scenarios that target stormwater harvesting, pet waste control and infrastructure
improve mentsto wet weatheroverflows. ‘'Swimmability’ in this case is assessed againstthe NHMRC
recreational water quality objectivesthat relate enterococci 95" percentile concentrations to human
health risks. However, it should be noted that 5% ofthe time (1 in 20) the Enterococci concentration
may indicate non-swimmable conditions.

Thismodelling framework shows that downstream ofthe MacArthur Street Bridge site, the number
of swimmable days can be improved through catchment interventions, despite little change in
NHMRC categories of 95" percentile concentrations between intervention sce narios.

The results for sites upstream (excluding Lake Parramatta) indicated that more intensive
interventions would be required to reduce the 95" percentile concentrationsto a lower risk NHMRC
category. This highlights the extent of the exsting microbial pollution within the catchment.

The overarching modelling framework provides answers for the following key modelling questions:

What are the major sources of pathogens within the catchment and the risk of non-
compliance with regulatorywaterqualityobjectives ?

The major sources of Enterococci represented in the catchment model include animal faecal
deposition (cats, dogs and waterbirds), stormwater runoff from commercial and industrial areas,
roads, and direct discharge into the river from wet weather overflows (ERSs). Animal sources and
wet weather overflows are dominant contributorsto the catchment Enterococciload.

Overall, diffuse sources ofenterococciestimated by the model contribute substantially more load to
the river (average catchment contribution of 70%) than wet weather overflow sources. For
subcatchments that are influenced by both point- and diffuse sources, conjunctive management will
be necessaryto effectivelyreduce enterococciloads to the river.

The modeling indicates that the following sites potentially have high risk 95" percentie
concentrations above NHMRC guidelines (Category B) for swimmability under any scenario
intervention:

+ Little Coogee

» Parramatta CBD

* MacArthurstreet bridge
* Silverwater Park

*  Meadowbank

However, 95" percentile concentrations for Parramatta CBD site de creasess sufficiently to be within
NHMRC Category B under both high and combined catchmentintervention scenarios 5 days after
rainfall. MacArthur Street Bridge and sites downstream have the potential for 95" percentie
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concentrationsto comply with NHMRC Category A guidelines during dry periods ofat least 3 days
afterrainfall.

The modeliing illustrates that rainfall is a significant factor in the variabilty of 95" percentile
concentrations at all sites, and that intervention scenarios can assist in reducing 95" percenties
concentrations in moderate (between 5 — 10 mmrainfall) wetweather conditions.

The modelling demonstrate sthatdiffuse sourcesand large areas of imperviousness are the main
contributorsto current high Enterococci loads, and 95" percentile concentrations thatresult in high
human health risk under the NHMRC guidelines. Furthermore, the modelling would benefit from
further investigations and field data collection campaigns that better characterise stormwater for
human and animal sources.

What is the currenttrajectoryof the water quality considering significant infill develbpment
growth underwayand planned?

The exsting case results demonstrate thatthere is significant microbial pollution within the River,
particularly in the Upper Parramatta catchments. Under BAU 2025 conditions, precinct and infill
residential developmentincreases from low density to high density housing, increasing the total
subcatchmentimperviousness and Enterococciloads on average by 15% across the catchment,
exacerbating the existing conditions. In some areaswhere industrial or commercial landisconve ted
to high density housing, imperviousness decreases resulting in significant decreases in localised
Enterococciloads.

All LGAswill experience anincreasein loads under BAU 2025 scenario.

The results of the modelling framework demonstrate that policies directed to reduadng
imperviousness such as permeable paving or increasing infiltration, such as on-site raingardens,
would be ofbenefitto mitigating Enterococci loads.

In which areas could open water (free) swimming be achievabk in the Parramatta River by
2025?Where notachievable, what needs to be donet o0 gainwater qualityobjectives?

Downstream of the Kissing Point swim site enterococci concentrations significantly decrease by the
tidalflushing of the river and sites have the potential for lowrisk concentrationsin line with Category
B NHMRC guidelines (Less than 200 CFU/100mL).

Swim sites in the Upper Parramatta catchments have high risk 95" percentile concentrations above
category B NHMRC guidelines, with the exception of Lake Parramatta. The intervention sce narios
explored with the modelling do have an impact on reducing enterococci concentrations for these
swim site s, but sig nificant additional e ffort within the catchment would be re quired to furtherimprove
water quality for ssimming.

The RMA modelling demonstrates that implementing high level of catchment interventions would
potentially improve 95" percentile concentrationsto comply with NHMRC Category B guidelines at
the Brays Bay swim site.

Overallthe modelling showsthat the combined intervention scenario performsthe best at reduadng
the number ofnon-swimmable days across the majority of sites, although only an additionalweek
per year of swimmable conditions are achieved. Addressing overflows further upstream of Bayview
Park may furtherimprove swimmable conditionsbyan additional 2 weeksin a year.

The currentmodeliing explores a number of options for mitigating poor water quality, but there are
other options that could be explored within the risk assessmentframework, such as establishment
of urban riparian buffers, disinfection or addressing sewer leakages (notsimulated explicitly in the
currentmodel).

In addition, enterococci is only one metric used to assess swimmability. Other factors such as
presence of other pathogenic microbial contaminants or accessibility to a site will also contribute to
the assessment of a sites suitability for swimming.
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What are the quantity and quality improvements gain ed in the catchment by the
imple mentation of infrastructure, water sensitive u rban design and policy solutions to
mitigate high risk pathoge n contamination sites?

Overall, the catchmentintervention options (both medium and high) arrest the trajectory of BAU
increased microbial loads entering the river, and in many cases improve on baseline conditions.
However, for most areas of the catchment targeting both high level of catchmentintervention (high
level of stormwater harvesting, biofiltration systems along roads and strong community
outreach/education programs) and overflow abatements will be necessary to improved
concentrationsin the river forthe majority of sites.

The intent of this modelling was to give an indication of the potential enterococcilevels in broad
regionsof the river. Where the modelling indicates scenario impactsare small, it is recommended
that field studies be conducted to verify the modelling outcomes. Field studies that distinguish
between enterococcifrom animal and leaky sewer sources, in-situ measure ments of die-offrates
within different regions of the river, andlocalinformation on pet and feral dog/cat numbers within the
catchment would provide valuable datasetsto further refine the modelling. Furthermore, more
detailed modelling at specific sites would take into accountthe effects of stormwater stratification in
proxmity to nearby ERS outlets, and the effects of sedimentresuspension by swimmers, and may
improve the 95" percentile concentration e stimatesto align with localised monitoring data.

Note that the modelling outcomes will inform a benefit/cost analysis that is to be undertaken
separately, which will allow prioritisation of swim sites for activation underthe Masterplan.
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Water disdaim liabilityto any person other than Sydney Water arising from any of the assumptions beingincorrect.

ENSure JV and Sydney Water have relied on pre-exiding information andinformation provided bythird parties including Governm ent
authoiities inthe preparation of this report thathas not been independently verified or checlked. ENSure JV and Sydney Water do not
accept any liability in connection withsuch unverified inform ation, including erors and omissions in the report which were caused by
errors or omissions in thatinformation.
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Memorandum

Appendix 1. Technical Memo 1 — Water
Quality Targets

30 May 2016

To PRCG Technical Committee

Copy to
From Kate Bynes Tel 9928 2538
Subject Paramatta River Water Quality Modelling Jobno. |A115600

Technical Memorandum 1 — Water Quality Targets

Purpose of this Technical Memo — Water Quality T argets

The Parramatta River CatchmentGroup (PRCG) hasa vision for making the Parramatta River
swimmable by 2025, otherwise known as the ‘Our Living River’ initiative. The initiative is to
provide the planning and implementation of the Parramatta River Masterplan. The Paramatta
River Masterplan will identify an evidence based strategy to achieve the PRCG obijective of
making the river swimmable by 2025.

The Parramatta RiverMasterplan is supportedbythe Water QualityModelling Project,which has
the objective of identifying expected microbial levels at 12 nominated swimming sites in the
Parramatta River catchment under a range of policy and intervention scenarios. Incorporating a
modelling approach in the Masterplan development will help guide microbial water quality
evaluation andtarget setting in order to meet regulatory objectives associated with swimmability.

In order to identify sites suitable for swimming in the Parramatta River, the current microbial
concentrations ofkey indicator speciesthatcan affecthuman health needsto be understood at
potential swimming sites. To do this, a water quality model is being developed thatwill model
microbial water quality. A requirement for the modelis to provide event mean concentrations
(EMCs) and dry weather concentrations (DWCs) for enterococci and E.coli for input into the
model and to provide water quality targets to be achieved at swimming sites. The purpose of
thistechnical memoisto provide the approach forderiving thesevalues and to se ek endorsement
from the technical committee.

Methodology

A number ofliterature sources were reviewed to identify a range of EMCsand DWCsthatcould
potentiallybe adoptedfor the Parramatta River Water Quality Mod el. Literature source sincluded:
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- Stewart, J (2013) Developmentofthe Sydney Harbour Catchment Model. Report prepared
forthe Hawke sbury-Nepean Catchment Management Authority.

+ SydneyWater (2014) Wetweather Overflow Abatement Project- Upper Parramatta River
ModelCalibration Re port

+ SydneyWater (2016) Wetweather Overflow Abatement Project— Lane Cove River (pers
comm).

* Hawkesbury Nepeanand South Creek Water Quality modelling project.

* Fletcheretal., (2004) Stormwater Flowand Quality and the effectivenessofnon-
proprietary stormwater treatment measures 0 a review and gap analysis. Technical Report
— Report04/8. Cooperative Research Centre for Water Quality and Treatment.

* Haydon, S. (2008) Development and Testing of a Coupled Pathogen- Hydrologic
Catchment Model. Research Report No 54. Cooperative Research Centre for Water Quality
and Treatment.

+ SydneyWater Autosampler date forthe Upper Parramatta River.

The EMCs and DWCs for a range of landuse types were exracted for enterococci, E. coli and
faecal colforms. Whilst only enterococci and E.coli wil be modelled, faecal coliforms
concentrations were reviewed as EMCs and DWCs are more widely documented and current
water quality data in the Parramatta River infersthat there isalmosta 1 to 1 ratio between E.col
and faecal coliforms.

Fromthe literature a rangeof value sfor differentlandusesduring dryand wetweatherhavebeen
derived. Theseare providedin the tables below.

Table 81. EMC and DWC for Enterococci (cfu/100mL)

Sydney Water 2016 (Lane

Source Stewart 2013 Sydney Water 2014 (Upper
Parramatta Rver)

Cowe Rver)
Land use EMC DwWC EMC DWC EMC DWC
Bushland 120 20 2,000 100
Commercial 1,000 260 10,000 2,000
Industrial 1,000 260 10,000 2,000
Parkland 120 260 2,000 100
Railw ay 1,000 260 10,000 2,000
Residential 4,000 260 10,000 2,000 20,000 4,000
Roadw ay 1,000 70 10,000 2,000
Rural 120 20 2,000 100 4,000 200

The event mean concentrations for enterococci were variable between the literature sources.
The concentrations recommended in Stewart 2013 were used in the Sydney Harbour Catchment
modelwhich reviewed existing literature forEMCs and DWCsand adjusted accordingly following
collation of recorded water quality data. The Enterococci numbersprovided by Sydney Water
arethosethathave been usedrecentlyforthe modellingofthe Upper Parramatta and Lane Cove
River. Both these models were calibrated against water quality data collected using auto-
samplersduring eventsatkey locations in the catchments.



Table 2 EMC and DWC for Ecoli (cfu/200mL)

Stewart (2013) Haydon (2008) Haydon (2008) Autosam pler
minimums maximums data
Land use EMC bwcC BMC DwcC EMC DwcC
Bushland 120 20 51 1 2,000 260
Commercial 1,000 260
Industrial 1,000 260
Parkland 120 260
Railw ay 1,000 260
Residential 4,000 260 270 86 130,000 13,000 26,634
Roadw ay 1,000 70
Rural 120 20

Table 3. EMC and DWC for Faecal coliforms (cfu/100m L)

Stew art (2013) Hawkesbury- Fletcher etal, Hetcher et al., Fletcher etal.,

Nepean Rver (2004) (2004) Typical (2004) Maximums
Model Minimums value

Land use EMC DWC EMC DWC EMC DwWwC BVIC DwC EMC DWC

Bushland 600 100 600 600 20 3 600 100 20,000 3,000

Commercial 10,000 300 4,000 4,000 300 40 4,000 350 50,000 3,000

Industrial 10,000 300 4,000 4,000 300 40 4,000 350 50,000 3,000

Parkland 600 100 300 40 4,000 350 50,000 3,000

Railw ay 10,000 100

Residential 10,000 300 20,000 20,000 2,000 200 20,000 2,500 200,000 30,000

Roadw ay 10,000 300 1,700 1,700 7,000 7,000 30,000 30,000

Rural 600 100 20,000 20,000 20 3 600 100 20,000 3,000

Tables 2 and 3 provide the EMCs and DWCs from a range of literature sources for E.coli and
faecalcoliforms. As mentioned previously, Stewart (2013) values are those that were used in
the Sydney Harbour Model. Haydon (2008) provided a range of pathogen concentrations for
baseflowand event samplesacrossthree different catchments. The catchmentsincluded a fuly
forested catchment with no human development (considered as bushland), an open multi use
catchmentand a small urbanised catchmentwith high pathogen load (consideredas residential).
The nominated minimum and maximum values for E.coli have been provided in Table 2. Table
2 and 3 also displays the average E.coli and faecal coliform concentrations collected via auto-
samplers in the Parramatta River. Values for faecal coliforms were also obtained from the
Hawkesbury-Nepean and South Creek Water Quality model that was developed for Sydney
Water. Fletcher et al., (2004) reviewed a range international and local literature and provided
typical concentrations for faecal coliforms including a minimum, maxmum and ‘typical’ value for
wet and dryweatherfrom a range of landuses.
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Whilst landuse (and runoff) are a source of bacterial contamination so too are sewer ove rflows.
Concentrations of enterococci and E.coli in sewer overflows have been adopted from the
NHRMC (2008) Guidelines for manaing risks in recreationalwaters and providedin Table 4.

Table 4. Typical Enterococd and Ecoli numbersin

Pathogens/indicator organisms

sewage (NHRMC 2008)

Disease or role

Numbers/100 mL

10105

Campylobacter spp Gastroenteritis

Clostridium perfringens spores Indicator 10*-10°

Escherichia coli Indicator (except specific 105107
strains)

Intestinal enterococci Indicator 10°-10®

Salmonella spp Gastroenteritis 0.2-8000

Shigella spp Bacillary dysentery 0.1-1000

Somatic coliphages (viruses to E. coli) - Indicator 10°-107

F-RNA coliphages (viruses to E coli) Indicator 104108

Polioviruses Indicator (vaccine strains) 180 -5 x I0°
Poliomyelitis

Rotaviruses Diarrhoea, vomiting 400 -85 x |0*

Adenoviruses

Respiratory disease,
gastroenteritis

not enumerated®

MNoroviruses®

Diarrhoea, vomiting

not enumerated*

Hepatitis A

Cryptosporidium spp cocysts

Hepatitis A

not enumerated®

0.1-39

Diarrhoea
Entamoeba histolytica Amoebic dysentery Non-detect—0.4
Giardia lambfia cysts Diarrhoea 10-2x 10

a  Many important pathogens in sewage have yet to be adequately enumerated, such as adenoviruses, noroviruses and

hepatitis A virus

b Noroviruses were formerly known as Norwalk viruses
¢ Parasite numbers vary greatly due to differing levels of endemic disease in different regions

Sources: Haller (1988), Long and Ashbolt (1994),Yates and Gerba (1998), Bonadonna et al (2002), Contreras-Coll et al {2002)

Water quality targets for enterococci and E.coli need to be defined in the model so that
recreational suitabilityat a site can be determined. With a definedtarget, arange ofmanagement
and policy scenarios can be modelledto determineifa site is suitable for swimming with resped
to bacterialquality. Proposed waterquality targets have been recommendedfollowing the re view
the following guidelines and literature sources:



*  NHMRC (2008) Guidelines for Managing Risksin Recreational Waters

*+  PCC (2016) How should recreational water quality in the Parramatta River be assessed? A
review of current literature.

* ANZECC (1992) Australian Water Quality Guidelinesfor Freshand Marine Waters

The NHMRC (2008) guidelines provide recommended ranges for enterococci as per Table 5.

Table 5. ReRcommended categories for determining mic ~ robial waterquality (NHMRC 2008)

95 percentile
value for
intestinal
enterococci/
100 mL

Basis of
derivation

Estimation of probability

(rounded values)

A =40 This value is below | Gl illness risk: < 1%
the NOAEL in most | g pigk: < 0.3%
epidemioclogical
studies. The upper 95th percentile value of 40/100 mL relates to an
average probability of less than one case of gastroenteritis in|
every |00 exposures. The AFRI burden would be negligible.
B 41-200 The 200/100 mL Gl illness risk: 1-5%
value is above }
the threshald of AFRI risk: 0.3-1.9%
illness transmission | The upper 95* percentile value of 200/100 mL relates to
reportad in most an average probability of one case of gastroenteritis in 20
epidemiclogical exposures. The AFRI iliness rate would be 19 per 1000
studies that have exposures or approximately | in 50 exposures.
attempted to
define a NOAEL
or LOAEL for GI
illness and AFRI
5 201-500 This represents a Gl illness risk: 5—10%
substantial elevation .
in the probability of AFRI risk: 1.9-3.9%
all adverse health This range of 95" percentile values represents a probabilicy
outcomes for which | of 1 in 20 to | in 10 risk of gastroenteritis for a single
dose—response data | exposure. Exposures in this category also suggest a risk of
are available. AFRI in the range of 19-3% per 1000 exposures or a range
of approximately | in 50 to | in 25 exposures.
D =501 Above this level Gl iliness rigk: = 10%
there may be a AFRI risk: > 3.9%
significant risk of
high levels of iliness | There is a greater than 10% chance of illness per single
transmission. exposure. The AFRI illness rate at the guideline value of 500
enterococci per |00 mL would be 39 per 1000 exposures
or approximately | in 25 exposures.

The US Environment Protection Agency recommends re creational water quality criteria which
were referred to in the recently completed literature review (PCC 2016). The recommended
values provided in the revieware detailed below.

Analogous to the use of E. coli for fresh water quality criteria, the US EPA provides two recommendations for
enterococci limits in marine and fresh waters, relating to estimated iliness rates of 36/1000 (Recommendation 1)
and 32/1000 (Recommendation 2) (US EPA 2012). Recommendation 1 is based on exceeding enterococcei
densities with a geometric mean of 35 cfu/100 mL or statistical threshold value of 130 cfuw/100 mL.
Recommendation 2 is based on exceeding enterococci densities with a geometric mean of 30 cfu/100 mL or
statistical threshold value of 110 ¢fu/100 mL



The ANZECC (1992) guidelineswhich recommended values for faecal coliforms for assessing
suitability for recreation have beenreferredto for nominating E.coli targets. This informationis
displayed below.

o 150 faecal coliform organisms 100 mL (minimum of five samples taken
at regular intervals nor exceeding one month, with four our of five
samples containing less than 600 organisms 100 mL);

Recommended EMCs, DWCsand water quality targets.

Following the review of the abovementioned literature, the EMCs and DWCs for enterococd and
E.coli recommendedforuse in the Paramatta River Water Quality Model are provided in Table
6. Endorsementofthese concentrations is required by the technical committee.

The enterococcivalues recommended foruse are those derivedfromthe UpperParramattaRiver
Model (Sydney Water 2014) (Table 6). The reasoning for use of these values over those
recommended by Stewart (2013) are that the enterococci values in Stewart (2013) are very
different to measured data, and the Upper Parramatta River is considered a well calibrated
model.

The E.coli EMC for urban landuse isderived from measured data (average of autosamplerdata
from 4 sites used to calibrate the Upper Parramatta River Model) (Table 6). The E.Colinon-
urban EMC was calculated as 20% of the urban EMC (based on the ratio applied between urban
and non-urban EMCsin the Upper Parramatta River Model). The E.coli DWC for urban landuse
is derived from the residential ‘typical’ value recommended in Fletcher (2004). The non-urban
landuse E.ColiDWC hasbeen calculated as 5% of the Urban DWC (based on the same urban
and non-urban ratio applied in the Upper Parramatta River Model). The proposed EMCs for
E.coli are annotated into Figure 1 which provides summary offaecal coliforms EMCs for difierent
landuses (Fletcher etal., 2004).

Table 6. Recommended EMCs and DN Cs for use inthe P arramatta River Water Quality M odelling

‘ Enterococd (cfu/200mL) E coli (cfw100mL)

Land use EMC DwWC BMC bwC
Uban 10000 2000 26634 2500
Non-Urban 2000 100 5326 125
Sew er 1,000,000 0 10,000,000 0

The Upper Parramatta River model applied an EMC for sewer of 1,000,000cfu/100mL which will
be adopted forthis project. This EMC the upper limit of the range recommended by NHRMC
(2008) (refertable4). Thereforethe upperlimit ofthe rangefor E.colibeing 10,000,000cfu/100ml
is also proposedto be adopted.

These nominated values can be modified within the modelif required.

The proposed water quality targetsto be adopted in the model are those recommended by
NHRMC (2008) for enterococci (<40cfu/100mlyand ANZECC (1992) forE.coli (<150 cfu/100mL).
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Appendix 2: Technical Memo 2 — Scenario
W orkshop

02 August 2016

To PRCG Technical Comm itee

Copy to

From Phil Pedruco Tel 8668 3469

Subject Parramatta River Water Quality Modelling Jobno. |A115600
Technical Memorandum 2 — Scenario Workshop

Background

The Parramatta River Water Quality modelling project aims to develop an evidence base to
investigate the swimmability of the Parramatta River both nowin the future. Thiswill be achieved
by the developmentofan integrated modelling framework as illustrated in Figure 8.1. Thismodel
together with data collected by Sydney Water and other government agencies will be used to
calculate Enterococci levelsnowand also in the future under a range of scenarios.

The scenarios to be investigated in the model were developed in conjunction with the Parramatta
River Catchment Group and a number of stakeholders. This memo outlines the development of
these scenarios.

MOUSE model | SOURCE model | RMA model
Sydney Water Jacobs Sydney Water

* Models catchment ' *» Models receiving water
processes * Hydrodynamics
* Runoff « Pathogen fate &
« Pathogen generation transport

« Models trunk sewer
network
* Calculates WWOF

Figure 8.1: Integrated modelling fram ework

Aims

The aim of this memo is to document the outcomes of the Water Quality Modelling Workshop 2-
Scenario Development Parramatta River Masterplan. The purpose ofthis workshop was to develop
a number of options to reduce pathogen concentrations in the Parramatta River with the aim of
opening swimming sites. Specifically, this memo will outline:

« Aset of criteria to assess proposed options against
* Alonglist of possible optionsto improve the water quality of Parramatta River
+ Alist ofoptions to be modelledin the integrated modelling frame work

Sydney Water and ENSure V - Commercial in Confidence Appendix Page |1



*+ Asetofthree Scenarios that are (potentially) a combination of different options
Criteria

Attendees at the workshop were askedto develop a set of criteria to assess optionsagainst. Those
optionsthatperformed well against the criteria were then developed into sce narios; that s, criteria
were used to reduce a long list of optionsinto short list. These short listed options were then
developed into scenarios to be modelled.

All criteria listed by workshop participantswere collated and similar criteria were grouped together.
These criteria were then categorised into:

* Core Criteria,
+ Secondary Criteria; and
+  Site Speciffic.

Core Criteria are those that are essentialto achieve forthe desire outcomes (lower pathogenlevels).
Secondary Criteria are those thatwould enhance the outcomes ofthe project. Site Specific Criteria
are those thatneedto be applied on a site by site basis. A number of suggested criteria involve the
timing and phasing ofpote ntial works. While these criteria are importantin termsofdelivering options
theyare notasimportant during the optioneering stage.

The resulting criteria are listed underthe appropriate heading below and one of the criteria lists
developed at the workshop isshown in Figure 8.2.
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Core criteria

1.

Reduces pollutantloads

1.1. Reduces pollutants — in terms of both frequency and magnitude
1.2. Increases swimmable days

Is practical

2.1. Is the option feasible?

2.2. Flexbility — the option can be applied across a range across a variety of sites
2.3. Actions that are focused on site that can be made swimmable first
2.4. Has long term be nefits

2.5. Accountfornewand exsting issues

Is economic

3.1. CBA positive outcome

3.2. Is the option affordable

3.3. Evidence to supportusing it

Secondary criteria

1.

2.

Has co-benefits

1.1. Collaborative and inte grative with other interventions
1.2. Deliversother environmental and social benefits

1.3. Considerscommunity interests

1.4. Bringsawarenessofthe issue (educate)

Timing - Timeliness

2.1. What can be done now

2.2. What can/needsto be done in the future

2.3. What timescale?

Site specific

1.

Sites — high use versushigh cost

1.1. High support

1.2. Number ofvisits versus swimming days
Business potential — attraction value

Community supportand marketability — priority sites and actions



Long ListofOptions

10

11

13

Intenention

Ban wet wipes (and
similar)
Pet waste -manage

at homeand well as
when walking

Pet waste -park
infragructure

Pet waste -Off-lesh
parks proximityto
watercourses

Fix illegal
connections

Lealage from
private connections

Reline all of the
waste water pipes

Hgher gandard of
wastewater network

Leachate from
landfill

Upgrade sewer
network WWO F

Restore riparian
vegetation

Concrete channel
restoration —
naturalisation

WSUD -site level

Scale

Source

Source

Source

Source

Source

Local

Regional

Local

Source

Regional

Local

Local

Source

Type

Awoid

Reduce

Reduce

Mitigate

Awid

Awoid

Awoid

Awoid

Reduce

Reduce

Mitigate

Reduce

Reduce

Approach

Awareness

Awareness

Engineering

Planning

Engineering

Engineering

Engineering

Engineering

Engineering

Engineering

Planning

Engineering

Planning

Sydney Water and ENSure JV - Commercial in Confidence

Type of

develop
ment

Exiging

Exiging

Exiging

Exiging

Exiging

Exiging

Exiging

New

Exiging

Exiging

Exiding

Exiging

Reduces
pollutant
loads

Minor

Moderate

M oderate

Moderate

Minor

Major

Major

Major

Minor

Moderate

Moderate

Moderate

M oderate

Feasble Hexible
Yes Yes
Yes Yes
Yes No
Yes No
Yes Yes
Yes Yes
No Yes
Yes Yes
No No
Yes No
Yes Yes
Yes Yes
Yes Yes
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Long

Tem
Benefits

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

$$

$$$

$$$

$$

$$

$$$

$$

$$

$$

Has co-
benefits

Yes

Yes

Yes

No

No

No

Yes

Yes

No

No

Yes

Yes

Yes

Timing

Short

Short

Short

Short

Medium

Medium

Long

Long

Long

Medium

Long

Medium

Long

Further
Consideration

for M odelling

Yes

Yes

Yes

No

Yes

Yes

No

No

Yes

Yes

Yes

Yes



14

15
16

17

18

19

20

21

23

24

Intervention

WSUD -regional
wetlands

WSUD - streetscape

Risk management
signage at svim
sites
Contaminated
sediments

Implement
Rivemwatch
monitoring program

Reduce number of
sites

Planning - District
plans

Developer
contiibutions to
Regional Water
Quality interventions

Using District Plan
framework of
Blue/Greengrid to
treat water in
wetlands/ dreet
scape systems etc.

Metropoalitan
Greenspace
program to fund
Blue/Green
infragructure

Ensure planning
invegments across

Scale

Local

Local

Local

Regional

Regional

Regional

Regional

Regional

Regional

Type

Reduce

Reduce

Awoid

Mitigate

Mitigate

Mitigate

Mitigate

Mitigate

Mitigate

Engineering

Engineering

Planning

Planning

Planning

Planning

Planning

Planning

Planning

Type of

develop
ment

Exiding

Exiging

Exiding

Exiging

Reduces

pollutant
loads

Moderate

Moderate

None

M oderate

None

None

Major

Moderate

Moderate

Moderate

Moderate

Feasble

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Hexible

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Long

Tem
Benefits

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

$$

$$

$$$

$$

Has co-
benefits

Yes

Yes

No

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Timing

Medium

Long

Short

Medium

Short

Short

Long

Long

Long

Long

Long

Further

Consideration
for M odelling

Yes

Yes

No

No

No

No

No

No

No

No

No



26

Intervention

the catchmenthave
consistent water
prindples

New development
precincts have net
zero water dischamge
due to recyding
(hanesting/disposal)
requirementsin
regional planning
Managem ent of
illegal discharges

from developments -
construction phase

Scale

Regional

Regional

Type

Mitigate

Mitigate

Planning

Planning

Type of

develop
ment

Reduces

pollutant
loads

Moderate

Minor

Feasble

Yes

Yes

Hexible

Yes

Yes

Long Has co-

Tem benefits
Benefits

Yes $$ Yes

No $ Yes

Timing

Long

Long

Further

Consideration
for M odelling

No

No
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Appendix 4: MUSIC parameters and assumptions

Recommended Climatic data according to NSW MUSIC Modelling guidelines:
Central and Eastern Sydney. Sydney Meteorological Office: 5/1/1962 — 31/12/1966
Approximate Mean Annual Rainfall Volume: 1300mm

Used: SYDNEY AIRPORT AMO 6min Rainfall. Assessed 10 year ranges and selected one where the mean annual rainfall is +- 10% of the approximate mean annual
rainfall for Sydney Meteorological Office, as recommended by the NSW MUSIC Modelling Guidelines.

* 1969 - 1979 Mean Annual Rainfall Volume: 1261mm

Sydney Monthly Areal potential evapotranspiration (PET) from MUSIC
MUSIC Assumptions (based on NSW MUSIC Modelling Guidelines):
* Total area per land type =1 hectare

* Soil Storage Capacity: 170mm

* Initial Storage (% of capacity): 30%
* Held Capacity: 70mm

Land Type % Land/ Node % breakdown Zoning/ Surface Type Zoning/ Surface Type Fna Area Treatm ent
| i T BASI MEDIUM RI T
mpervious ype (BASIX) EDIUM SCENARIO HGH SCENARIO HGH ype
(BASIX)

Residential 62% Roof 45% Roof, 0.140ha Roof, 0.251ha Rainw ater

Low Density (0.62 ha) (0.279 ha) 100% Impervious 100% Impervious Tank

50% of roof connected to 90% of roof connected to
tank — 0.140ha tank — 0.251ha
50% of roof not connected 0.140ha 10% of roof not connected — 0.028 ha None
— 0.140ha 0.028 ha
Impervious 55% 100% Impervious 0.170 ha 100% Impervious 0.170 ha None
(0.341 ha) 50% BIA —0.171 ha 50% EIA —0.171 ha
50% not connected — - 50% not connected — 0.171 - None
0.171 ha —as 100% ha —as 100% pervious
pervious
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Land Type

%

Land/ Node

% breakdown

Zoning/ Surface Type

Zoning/ Surface Type

FHna Area

Treatm ent

| i T BASI MEDIUM SCENARIO T
mperious we G HGH SCENARIO e we
(BASIX)
3B% Pervious 100% Residential, 0.550 ha Residertial, 0.550 ha None
(0.38ha) (0.330 ha) 100% Pervious 100% Rervious
0.380 + 0.171 = 0551 0.380 + 0.171 =0.551
Residential 73% Roof 60% Roof, 0.219 ha Roof, 0.3%ha Rainw ater
Medium (0.73 ha) (0.438 ha) 100% Impervious 100% Impervious Tank
Density 50% of roof connected to 90% of roof connected to
tank — so 0.219 ha tank — 0.3%ha
50% of roof not connected 0.21%ha 10% of roof not connected — 0.044 ha None
—0.219ha 0.044 ha
Impervious 40% 100% Impervious 0.146 ha 100% Impervious 0.146 ha None
(0.292 ha) 50% EIA —0.146 ha 50% EIA —0.146 ha
50% not connected — - 50% not connected — 0.146 - None
0.146 ha —as 100% ha —as 100% pervious
pervious
271% Pervious 100% Residential, 0416 ha Residertial, 0416 ha None
(0.27ha) (0.270 ha) 100% Pervious 100% Rervious
0.270 + 0.146 = 0.416 0.270 + 0.146 =0.416
Residential 80% Roof 70% Roof, 0.280ha Roof, 0504 ha Rainw ater
Hgh (0.80 ha) (0.560 ha) 100% Impervious 100% Impervious Tank
Density 50% of roof connected to 90% of roof connected to
tank — 0.280ha tank — 0.504 ha
50% of roof not connected 0.280ha 10% of roof not connected — 0.056 ha
—0.280ha 0.056 ha
Impervious 30% 100% Impervious 0.120 ha 100% Impervious 0.120 ha None
(0.240 ha) 50% BA —0.120 ha 50% BA —0.120 ha

50% not connected —

0.120 ha —as 100%
pervious

50% not connected — 0.120
ha —as 100% pervious




Land Type

%

Land/ Node

% breakdown

Zoning/ Surface Type

Zoning/ Surface Type

FHna Area

Treatm ent

| i T BASI MEDIUM SCENARIO T
(&pg%ous P (BASIY HGH SCENARIO HGH Pl
15% Pervious 100% Residential, 0.320 ha Residertial, 0.320 ha None
(0.20ha) (0.200 ha) 100% Pervious 100% FRervious
0.200 + 0.120 = 0.320 0.200 + 0.120 =0.320
Roads 5% Combined 75% IMP Road, Bioretention
(0.75ha) 75% Impervious
Commerdal %% Roof 50% Roof, 0.238 ha Roof, 0.428 ha Rainw ater
(0.95ha) (0.475 ha) 100% Impervious 100% Impervious Tank
50% of roof connected to 90% of roof connected to
tank — 0.238 ha tank — 0.428 ha
50% of roof not connected 0.238 ha 10% of roof not connected — 0.048ha
—0.238 ha 0.048nha
Impervious 50% Commercial, 0.190 ha Commercial, 0.190 ha None
(0.475 ha) 100% Impervious 100% Impervious
80% EA —0.190 ha 80% EIA —0.190 ha
20% not connected — - 20% not connected — 0.095 -
0.095 ha —as 100% ha —as 100% pervious
pervious
Pervious 100% Commercial, 0.145 ha Gommercial, 0.145 ha None
(0.050 ha) 100% Pervious 100% FRervious
0.050 + 0.095 = 0.145 ha 0.050 + 0.095 =
Industrial 0% Roof 60% Roof, 0.270 ha Roof, 0.468 ha Rainw ater
(0.90na) (0.540 ha) 100% Impervious 100% Impervious Tank
50% of roof connected to 90% of roof connected to
tank — 0.270 ha tank — 0.488 ha
50% of roof not connected 0.270 ha 10% of roof not connected — 0.054ha
—0.270 ha 0.054ha
Impervious 40% Commercial, 0.324 ha Gommercial, 0.324 ha None
(0.360 ha) 100% Impervious 100% Impervious

90% EA —0.324 ha

90% EA —0.324 ha




Land Type

)
Impervious

(BASIX)

Land/ Node
Type

% breakdown
(BASIX)

Zoning/ Surface Type
MEDIUM SCENARIO

Zoning/ Surface Type
HGH SCENARIO

Fna Area
HGH

Treatm ent
Type

20% not connected —
0.095 ha —as 100%
pervious

20% not connected — 0.095
ha —as 100% pervious

Pervious

100%
(0.100 ha)

Commercial,
100% Pervious

0.100 + 0.036 = 0.136

0.136 ha

Gommercial,
100% FRervious

0.100 + 0.036 =0.136

0.136 ha

None




Water Demand Modelled - Residential

Toilet flushing water use (source: Melbourne Residential Water Use Studies):

Medium Intervention Scenario —assumes re-use for toilet flushing and garden watering

High Intervention Scenario — assumes re-use for toilet flushing, garden watering and washing machine use

3.3 flushes/pp/day

Average Mwilet lush wolume —5.8 Iflush

Outdoor_use (source: Sydney Water Water Use model):

Average wlume used for irrigation per day. 334 I/d =122 kL/y

Average use of 651 l/week on garden =34 kl/yr if water saving measures are implemented

Average use of 1116 I/week on garden = 58 kLAr if no water saving measures are implem ented

Summerwater use: watering 2 times a week for 61 minutes/day using 6.3 I/min = 39.312 kl/yr =0.108 kL/day

Laundry (source: Sydney Water Water Use m odel):

Average of 4.6 loads per week

Average of 85 l/load used =391 IAveek = 20332 Iear =20.33 klL/year =0.0559 kL/d

Description and assumptions

Low Density Developm ent

House on >500 m? sized lot

Medium Density Development

Tow nhouses on 200-300 m? lots

High Density Development

Apartment building. 4 storeys; each

apartment 100 m. Building takes up 1/3rd of
total lot

Number of houses/apartments 20 40 130
No. of peoplehousehold 30 28 25
(based on ABS population data)
Number of Tanks 20 40 130
Demand Rer AllTanks (kL/d) 0.282 0.162 0.156
Medium Total of 5.64 kL/d/20 tanks Total of 6.48 kL/d/40 tanks Total of 20.28 kL/d/130 tarks
Demand Rer AllTanks (kl/d) High 0.382 0.241 0.214
Total of 7.64 kL/d/20 tanks Total of 9.64 kL/d/40 tanks Total of 27.82 kL/d/130 tanks
Sze of tank okL 3 kL 1kL




FinalWater Use:

Total Household Demand — kL/d (kL/yr)

Low Density Development

Medium Density Development

High Density Development

Toilet Fushing 0.057 (20.8) 0054 (19.7) 0.048 (17.5)
Outdoor Wse 0.23 (82.1) 0.11 (39.4) 0.11 (39.4)
Laundry 0.10 (369) 0.08 (28.8) 0.06 (21.2)
TOTAL MEDIUM 0.28 (102.9) 0.16 (59.1) 0.16 (56.9)
TOTAL HIGH 0.38 (139.4) 0.24 (88.0) 0.21 (78.9)

Water Demand Modelled— Commercial & Industrial

Medium Intervention Scenario —assumes re-use for toilet flushing only. 50% of shops/industry buildings hawe tanks.

High Intervention Scenario — assumes re-use for toilet flushing only. 75% of shops/ndustry buildings hawe tanks.

Toilet flushing - 3.3 flushes/per person/day; 5.8 litresflush

Description and assumptions

Com mercial— M EDIUM

Assume 50% of 1ha is shops and 50% is carpark

Comm ercial— HGH

Assume 50% of lha is shops and 50% is carpark

Number of shops

Assume each shop 100 m? ->so 50 shops

Assume each shop 100 m? ->so 50 shops

No of people/shop

2 people

2 people

Size of tank

2K

2K

Number of Tanks

25 (50% of shops have a tank)

38 (75% of shops have a tank)

Demand Per All Tanks (kL/d)

Description

0.0383 kl/d * 25 tanks - Total of 0.958 kL/d/25 tanks

Industrial — MEDIUM

Assume 60% of 1ha is industry and 40% is carpark

0.0383 K./d * 38 tanks - Total of 1.455 kL/d/38 tanks
Industrial — HIGH

Assume 60% of lha is industry and 40% i carpark

Number of industry shops

Assume each shop 500 m? ->s0 6,000 m7500 = 12 shops

Assume each shop 500 m2 ->s0 6,000 m¥500 = 12 shops

No of people/shop

5 people

5 people

Size of tank

41

4 K

Number of Tanks

6 (50% of shops have a tank)

9 (75% of shops have atark)

Demand Per All Tanks (kL/d)

0.0957 kL/d * 6 tanks -Total of 0.574 kL/d/6 tanks

0.0957 K./d * 9tanks - Total of 0.861 K./d/9 tanks

(<]




Appendix 5: LGA Summaries
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BLACKTOWN LGA

Overflows

Parklands

Industrial
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BALU 2025 Enterococci Mean Load (CFU/d)

160,000

Effectiveness of scenarios

+ Enterococei loads generated from each land use (see
chart) provides an indication of the pathogens available
for transport

* The chart shows major sources are:

= From pet wastein residential areas
» Growth areas

* The hot-spots map shows the attenuated loads (after

die-off in the river occurs)
= This provides an estimate of the cumulative
loads within the river network

Legend
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& overflow
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Combo
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Target WWOF

Mote: BAU 2025 is % change from baseline, whereas all other scenarios are % change from BAU 2025

Intervention Options

« Enterococci loads will increase slightly under BAU 2025
scenario

* Catchment intervention scenarios will arrest future loads,
and improve on current loads

Medium intervention

+ Medium level of use from rainwater tank

+ 15% pet waste reduction

High intervention

+ High level of use from rainwater tank

= 30% pet waste reduction

Target WWOF

= Highest discharging overflows remediated (No target
WWOFs selected in this LGA)

Combined Intervention

* High intervention scenario + target WWOF
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Effectiveness of scenarios

20%

BURWOOD LGA

+ Enterococei loads generated from each land use (see
chart) provides an indication of the pathogens available
for transport

+ The chart shows major sources are:

* From pet waste in residential areas
* Growth areas
= Established roads
+ The hot-spots map shows the attenuated loads (after

Industrial die-off in the nver occurs)
Existing HD Resi + This provides an estimate of the cumulative
Commercial loads within the river network
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Mote. BAU 2025 is % change from baseline, whereas. all other scenarios are % change from BAL 2025,

Intervention Options
+ Enterocacci loads will increase under BAU 2025 scenario

+ Catchment intervention scenarios will slightly reduce
future loads,

+ Addressing overflow discharge will reverse trajectory of
current loads

Medium intervention

+ Medium level of use from rainwater tank

+ 15% pet waste reduction

High intervention

+ High level of use from rainwater tank

+ 30% pet waste reduction

Target WWOF

+ Highest discharging overflows remediated (No target
WWOFs selected in this LGA)

Combined Intervention

+ High intervention scenario + target WWOF
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CANADA BAY LGA

« Enterococci loads generated from each land use (see
chart) provides an indication of the pathogens available
for transport

+ The chart shows major sources are:

+ From pet waste in residential areas
+ Growth areas

+ The hot-spots map shows the attenuated loads (after
die-off in the river occurs)

+ This provides an estimate of the cumulative
loads within the river network
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Intervention Options

+ Enterococci loads will increase slightly under BAU 2025
scenario

+ Catchment intervention scenarios will reduce future
loads, and improve on baseline conditions

Medium intervention

+ Medium level of use from rainwater tank

« 15% pet waste reduction

High intervention

« High level of use from rainwater tank

* 30% pet waste reduction

Target WWOF

* Highest discharging overflows remediated
Combined Intervention

*+ High intervention scenario + target WWOF
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Effectiveness of scenarios

« Enterococci loads generated from each land use (see
chart) provides an indication of the pathogens available
for transport

+ The chart shows major sources are:

+ From pet waste in residential areas
+ Growth areas

+ The hot-spots map shows the attenuated loads (after
die-off in the river occurs)

+ This provides an estimate of the cumulative
loads within the river network
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Intervention Options

+ Enterococci loads will increase slightly under BAU 2025
scenario

« Catchment intervention scenarios will reduce future
loads, and substantially improve on baseline conditions

Medium intervention

* Medium level of use from rainwater tank

* 15% pet waste reduction

High intervention

+ High level of use from rainwater tank

+ 30% pet waste reduction

Target WWOF

« Highest discharging overflows remediated
Combined Intervention

+ High intervention scenario + target WWOF
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+ Enterococci loads generated from each land use (see
chart) provides an indication of the pathogens available
for transport

+ The chart shows major sources are:
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Intervention Options
+ Enterococci loads will increase under BAU 2025 scenario

+ Catchment intervention scenarios will reduce future
loads, and substantially improve on baseline conditions

Medium intervention

+ Medium level of use from rainwater tank

+ 15% pet waste reduction

High intervention

+ High level of use from rainwater tank

* 30% pet waste reduction

Target WWOF

+ Highest discharging overflows remediated
Combined Intervention

+ High intervention scenario + target WWOF

Sydney Water and ENSure JV - Commercial in Confidence




Overflows

Growth Area Roads
Existing Roads
Parklands

Growth Area HD Resi
Growth Area MD Resi
Existing MD Resi
Existing LD Resi
Industrial

Existing HD Resi
Commercial

0 2,000 4,000 6000 8000 10000 12,000
BAU 2025 Enterococti Mean Load (CFU/d)

Effectiveness of scenarios

HUNTERS HILL LGA

+ Enterococci loads generated from each land use (see
chart) provides an indication of the pathogens available
for transport

* The chart shows major sources are:

+ From pet waste in residential areas
+ Growth areas
« Qverflows

+ The hot-spots map shows the attenuated loads (after
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Intervention Options
+ Enterococci loads will increase under BAU 2025 scenario

« Catchment intervention scenarios will slightly reduce
future loads

« Addressing overflow discharge will reverse trajectory of
current and future loads

Medium intervention

* Medium level of use from rainwater tank

* 15% pet waste reduction

High intervention

+ High level of use from rainwater tank

* 30% pet waste reduction

Target WWOF

+ Highest discharging overflows remediated (No target
WWOFs selected in this LGA)

Combined Intervention

* High intervention scenario + target WWOF

Sydney Water and ENSure JV - Commercial in Confidence




Ovarflows

Growth Area Roads
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Growth Area HD Resi
Growth Area MD Resi
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Industrial
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Commercial
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INNER WEST LGA
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Effectiveness of scenarios

30,000
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% change in mean load

-40%
BALZO25

No WWOFs MED HIGH
Intervention Intervention

Target WWOF

Combo
interventions

Mote: BAU 2025 is % change from baseline, whereas alf other scenarios are % change from BAU 2025

+ Enterococci loads generated from each land use (see
chart) provides an indication of the pathogens available
for transport

+ The chart shows major sources are:

+ From pet waste in residential areas
+ Growth areas

+ The hot-spots map shows the attenuated loads {after
die-off in the river occurs)

« This provides an estimate of the cumulative
loads within the river network

Legend

@  Swim Sites

@  Overflow

A Storage
—»— SOURCE Links
Precincts
| RMA Model Boundary
BAU2025 Link Mean Load (CFU/d)
- <100
[ 100 - 1,000
[ |1o000-10.000
B 10,000 - 100,000
B - 100000

Intervention Options

+ Enterococci loads will increase slightly under BAU 2025
scenario

+ Catchment intervention scenarios will reduce future
loads, and improve on baseline conditions

Addressing overflow discharge will substantially reduce
loads

Medium intervention

+ Medium level of use from rainwater tank

* 15% pet waste reduction

High intervention

+ High level of use from rainwater tank

* 30% pet waste reduction

Target WWOF

+ Highest discharging overflows remediated (No target
WWOFs selected in this LGA)

Combined Intervention

+ High intervention scenario + target WWOF
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Overflows
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PARRAMATTA CITY LGA

0 5,000 10,000 15,000 20,000

BAU 2025 Enterococci Mean Load (CFU/d)

Effectiveness of scenarios

25,000

+ Enterococci loads generated from each land use (see
chart) provides an indication of the pathogens available
for transport

« The chart shows major sources are;

+ From pet waste in residential areas
+ Growth areas
+ Parklands

* The hot-spots map shows the attenuated loads (after
die-off in the river oceurs)

+ This provides an estimate of the cumulative
loads within the river network

Legend

@ Target Overtiows

@  Swim Sites

@ Overflow

A Storage
—+— SOURCE Links
Precincts
I RMA Model Bounaary
BAU2025 Link Mean Load (CFU/d)
B - o0
[ 100- 1,000
[ 1 1.000- 10,000
[ 10.000 - 100,000
I - 100.000

5%

0%

5%

% change in mean load

-10%

15%

20%

BAU2025

No WWOFs MED HIGH Target WWOF
Intervention  Intervention

Combo
interventions

MNote: BAU 2025 is % change ffom baseiine. whereas all other scenafios are % change from BAU 2025,

Intervention Options
* Enterococci loads will increase under BAU 2025 scenario
« Catchment intervention scenarios will arrest future loads,

+ Combined high level intervention and target overflows
produces the highest gain in water quality improvements

Medium intervention

+ Medium level of use from rainwater tank

* 15% pet waste reduction

High intervention

« High level of use from rainwater tank

+ 30% pet waste reduction

Target WWOF

+ Highest discharging overflows remediated
Combined Intervention

« High intervention scenario + target WWOF

Sydney Water and ENSure JV - Commercial in Confidence




RYDE LGA

Overflows + Enterococci loads generated from each land use (see
Growth Area Roads chart) provides an indication of the pathogens available
Existing Roads for transport
Parklands + The chart shows major sources are:
Growth Area HD Resi « From pet waste in residential areas
Growth Area MD Resi + Growth areas
ExiS_iirjs MD RESf * The hot-spots map shows the attenuated loads (after
Existing LD Rl_?‘-'d die-off in the river occurs)
o lnduﬂ"a% + This provides an estimate of the cumulative
Existing HD Resi loads within the river network
Commercial

0 10,000 20,000 30,000 40,000 350,000 60,000
BAU 2025 Enterococct Mean Load {CFU/d)

Legend
-‘- Target Overflows
@  swim Sites
& Overflow
A storage
—»— SOURCE Links
brer A precincts
[ RMAModel Boundary
BAU2025 Link Mean Load (CFU/d)
I - 00
[ 100- 1,000
[ 1,000- 10,000
I 10.000 - 100,000
N - o000
Intervention Options
l ] + Enterococci loads will increase slightly under BAU 2025
Effectiveness of scenarios scenario
° 5% + Catchment intervention scenarios will reduce future
T% 0% | I . loads, and improve on baseline conditions
o
E 5% I Medium intervention
' 10% + Medium level of use from rainwater tank
_E = 15% pet waste reduction
5 L High intervention
20% * High level of use from rainwater tank
) = 30% pet waste reduction
2o Target WWOF
-30% = Highest discharging overflows remediated
BAUZ025  No WWOFs MED HIGH  Target WWOF  Combo Combined Intervention
Intervention  Intercention interventiong = ngh intervention scenario +target WWOF
Mote: BAL 2025 is % change from baseline, whereas all other scenarios are % change from BAU 2025
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Dverflows
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Commercial
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Effectiveness of scenarios
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BAUZO0ZS No WWOFs. MED HIGH

Intervention Intervention

Combo
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Target
WWOF

Mote: BAU 2025 is % change from baseline, whereas all other scenarios are % change from BALU 2025,

STRATHFIELD LGA

+ Enterococci loads generated from each land use (see
chart) provides an indication of the pathogens available
for transport

+ The chart shows major sources are:

= From pet waste in residential areas
* Growth areas

+ The hot-spots map shows the attenuated loads (after

die-off in the river occurs)
= This provides an estimate of the cumulative
loads within the river network

Legend

@ Swim Siles

@& oOverflow

A Storage
—»— SOURCE Links
Precinets
[ RMA Mode! Boundary
BAU2025 Link Mean Load (CFU/d)
- <100
[ 100 - 1,000
[ ]1.000-10,000
[ 10,000 - 100,000
I > 100000

Intervention Options
» Enterococei loads will increase under BAU 2025 scenario

+ Catchment intervention scenarios will reduce future
loads, and improve on baseline conditions

Medium intervention

» Medium level of use from rainwater tank

* 15% pet waste reduction

High intervention

+ High level of use from rainwater tank

+ 30% pet waste reduction

Target WWOF

+ Highest discharging overflows remediated (No target
WWOFs selected in this LGA)

Combined Intervention

+ High intervention scenario + target WWOF
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Overflows

Growth Area Roads
Existing Roads
Parklands

Growth Area HD Resi
Growth Area MD Resi
Existing MD Resi
Existing LD Resi
Industrial

Existing HD Resi
Comimercial

8%

m e

Effectiveness of scenarios

THE HILLS SHIRE LGA

Sources of Enterococci Loads

+ Enterococci loads generated from each land use (see
chart) provides an indication of the pathogens available
for transport

+ The chart shows major sources are:

+ From pet waste in residential areas
+ Growth areas

« The hot-spots map shows the attenuated loads (after
die-off in the river occurs)

+ This provides an estimate of the cumulative
loads within the river network
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80,000 100,000

BAU 2025 Enterococci Mean Load (CFU/d)

Legend
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Intervention Options
* Enterococci loads will increase under BAU 2025 scenario

6%
4%
2%
0%

-2%

% change in mean load

4%

0%

8%

« Catchment intervention scenarios will arrest future loads,
but will not reverse trajectory of current loads

Medium intervention

+ Medium level of use from rainwater tank

+ 15% pet waste reduction

High intervention

+ High level of use from rainwater tank

* 30% pet waste reduction

Target WWOF

+ Highest discharging overflows remediated (No target

BALZ2025

No WWOFs MED HIGH

Intervention Inter/ention

Mot BALIJ0E is % changs from baseline, whereas all other scenanios are % change from BIAL 2026

WWOFs selected in this LGA)
Combined Intervention
+ High intervention scenario + target WWOF

Target WWOF Combo

interventions
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