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Executive Summary

Introduction

Flood information in the City of Parramatta LGA has been developed through several previous flood studies
undertaken at various times through the 1990’s and 2000’s. Due to changes in the catchment.and advances
in modelling software and techniques, Council decided to undertake an updated ParramattaiRiver Flood Study
to assist in floodplain management, structural works, planning, development control and emergency
management in the Parramatta LGA.

City of Parramatta Council is responsible for local land use planning in its serviee area, including the
Parramatta River (within its LGA) catchment and its floodplain.

Through its Floodplain Risk Management Committee, the City of Parramatta,Council proposes to prepare a
comprehensive Floodplain Risk Management Plan for the Study Area,in “accordance with the NSW
Government’s “Floodplain Development Manual: The Management of Flood Liable Land”, April 2005.

This project relates to the “Data Collection” and “Flood Study” phases, of‘the Floodplain Risk Management
Process.

The subject of this Flood Study is both mainstream flooding and overland flow paths within the City of
Parramatta Council former Local Government Area (LGA) prior to Council amalgamations in 2016.

The primary objective of the Flood Study is to model the flood behaviour in the Study Area under existing
conditions and address possible future variations due to Climate Change. The development of a detailed flood
model will help guide future development in the catchment.

The flood study outcomes provide the preparatory groundwork required to undertake the identification of
emergency management measures and other critical flood, information required by the State Emergency
Services (SES) as part of flood response action.

The Flood Study will also provide the preparatory groundwork required to undertake a Floodplain Risk
Management Study and a Floodplain Risk Management.Plan with particular emphasis to implement potential
flood mitigation solutions for the Westmead Biomédical Precinct and the Parramatta CBD and other areas
within the flood study area. The Flood Study supports Council’s intention to invest in innovative, cost-effective,
long-term flood mitigation measures in the LGA.

Study Area

The Study Area includes the catchments of,Parramatta River and adjoining tributaries within the City of
Parramatta Council former Local Government Area (LGA) prior to Council amalgamations in 2016, excluding
part of Duck Creek, Duck River and A’Beckett's Creek. The hydrology for the Study Area includes the
Parramatta River, Toongabbie Creek and allstributary catchments upstream of Concord Road Bridge, and the
upper portion of Terrys and Devlins Creeks catchments which flow to the Lane Cove River.

The hydraulic assessment for the Study Area is limited to the former LGA boundary prior to Council boundary
change in 2016. This includes Toongabbie Creek and Parramatta River and their tributaries as well as the
upper portion of Terrys and Devlins Creeks within the Parramatta LGA. Duck Creek and Duck River have
recently had flood models prepared and A’'Beckett’'s Creek Flood Study will be updated by Council in the near
future. As such, these tributaries are excluded from the current study. The Study Area is shown in Figure 1-2.

The Parramatta River Catchment stretches for over 212 square kilometres in area, with more than 20 major
adjoining creek tributaries linking to the Parramatta River which discharges into the Sydney Harbour. Figure
15-1 shows the catchment and the adjoining tributaries that flow into the Study Area.

The former Parramatta LGA .area makes up 30% of the total Parramatta River Catchment and covers 61.4
square kilometres. The, Study Area is 49 square kilometres and contains several areas of State or National
importance, suchas the Parramatta CBD and Westmead Biomedical Precinct.

Approach andiMethedology

The Parramatta River Flood Study was prepared using existing data provided by City of Parramatta Council
as the basis for the hydrologic and hydraulic models. These models have been reviewed, amended and
extended ‘as appropriate to include additional collected data for this study or to refine the models to suit the
objectives:of the study.

A review of ayvailable information considered previous flood study models and reports, rainfall and streamflow
gauge data; tide information, available survey, hydraulic structures and historical flood observations. Additional
data collection was undertaken through stakeholder liaison, site visits, rainfall and streamflow gauge data
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acquisition, additional survey of bathymetry and hydraulic structures and community consultationsto obtain
community experiences of flooding.

These data were used to develop an XP-RAFTS hydrologic model of the Parramatta River catchment, and
seven TUFLOW hydraulic models covering the Study Area.

The XP-RAFTS hydrologic model was developed firstly by combining existing hydrologic‘'models’into one large
model representing the entire Parramatta River catchment and updating the model to reflect present day
catchment conditions.

The hydrology model was then calibrated and validated to historic flood events that,occurred in April 1988,
April 2015, and June 2016. Once calibrated, the hydrology model is used to produce flow hydrographs for
design flood events which are used as inputs for the hydraulic model.

The model flows were calculated in the hydrologic model in accordance with“the Australian Rainfall & Runoff
2019 (ARR2019) Guidelines. The approach adopted is the ensemble inshydrelogy, mean in hydraulics
approach as outlined in OEH Floodplain Risk Management Guide: Incorporating 2016 Australian Rainfall and
Runoff in studies (NSW OEH, 2019).

The model flows were also validated against an updated Flood Frequency.Analysis (FFA) of historical gauged
peak flows at Marsden Street weir from 1889 to 2016 that includes 37 annual peak flows. Assessment also
included a review of the rating curve as well as using the latest methods and additional years of data since the
previous FFA. Review also considered adjustment to actual gauged flows'to take into account changes in the
catchment that have occurred (i.e. extra storage) and rating curve changés over the period of record to provide
an estimated present day maximum flow expected. This revisedrannual maximum flow data was used for FFA
assessment (refer Appendix B).

For the 1% AEP design storm event the modelled flows were scaled to match expected FFA flows at Marsden
Weir in the detailed hydraulic model and the scaling was expanded to the main river and all tributary flows for
the purposes of defining the Flood Planning Layer. No scaling has been applied to the other design events.

The FFA provides a curve fitted to the gauged flow data toallow estimation of expected flows for a range of
recurrence intervals. Current assessment has considered 2 options for statistically estimating flows based on
the provided gauged data. It should be noted that the,gauged data is provided over approximately 127yrs
starting in 1889 with a large gap in the data from 1914,t0 1956.

The “Adopted Fit” and Alternative Fit” were produced.and following review the “Adopted Fit” was selected to
define the 1% Design FFA matched flow at Marsden Weir. In general the ARR2019 design event flow estimates
from XP-RAFTS and Flood Modelling generally correlate well with the FFA expected flows although for the 1%
AEP design event there was a need to upscale the flows to match the FFA defined flood.

A 1D/2D TUFLOW hydraulic model was‘then created using existing data provided by City of Parramatta
Council and incorporating additional data collected for this study. This included aerial photographs, ALS data,
bathymetric survey, survey of hydraulic structures, and Council’s stormwater drainage network. The hydrologic
model flows were input to the hydraulicimodel, which was also calibrated and validated to the three historic
events.

Model setup for both the hydrology and hydraulic models have considered future use of the models and future
stages of the floodplain risk management process. This includes the preparation of a separate Watershed
Bounded Network Model (WBNM),hydrologic model to provide additional future backup to the current XP-
RAFTS model used for this Study.

Design Flood Events
The 1% AEP design event was upscaled to match the FFA and is referred to as FFA-matched 1% AEP.

The calibrated and/validated hydraulic model was used to simulate a range of design flood events (1% FFA
Upscaled, 2%, 5% and 20% Annual Exceedance Probability (AEP) events) and the Probable Maximum Flood
(PMF) along the Parramatta River/Toongabbie Creek main channel and the tributaries and overland flow areas
within the Study Arear

Current ARR2019'design event flow estimates correlate well with the FFA expected flows up until the 2% AEP
event. Above this there appears to be a variation away from the design results and the FFA results for the
1%AEP event'are higher than the standard ARR2019 design event outcomes.

Flows have been validated with a separate WBNM hydrologic model (undertaken by others during peer review)
and show a close correlation.
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Comparison with previous flood study results shows that the Current 2023 Study 1% AEP design flews (650
m3/s in XP-Rafts and Tuflow) are approximately 15% lower at Marsden Street Weir when compared with the
previous Upper Parramatta River Catchment Trust (UPRCT) XP-RAFTS model and “Adopted, Fit” FFA
calculated flows (724m3/s).

To replicate the 1% AEP FFA defined flow rate in the Tuflow model an upscaling of the hydrolegical XP-RAFTS
model ARR19 IFD was undertaken, and a defined temporal pattern was adopted that provided best fit to 1%
AEP FFA design flow of 724m3/s at Marsden Weir.

Based on these outcomes the upscaling was also applied to all tributary models to replicate the increased flow
expected at the catchment outlets (i.e. 27%) for all flow durations. As expected at these,larger flow rates there
is a variation between the outcomes of XP-RAFTS and the detailed hydraulic model associated with increased
storage and changed routing on the overbank areas. It was identified that ‘hydrological modelling results
needed to be increased by 27% in order to achieve the required 15% increaserin thevhydraulic model.

Model Results

Model calibration was undertaken to April 1988, April 2015, June 2016 at gauged locations where flow and
flood depths were recorded. Outcomes are presented in Appendix C and\generally indicate the following:

o Water Level comparison for the April 1988 within 0.7m of SKM 2005 reported water levels at 7
locations.

e For the April 2015 event the modelled outcomes show good cemparison with gauged flow and water
level data at 5 locations with 4% flow difference and 30mm water level difference at Marsden Weir.

e In June 2016 event the modelled outcomes also show good correlation with recorded flow
hydrographs and peak water levels at 5 locations alongithe catchment with a 0.5% increase in
estimated flow at Marsden Weir but a 80mm water level difference potentially due to missed peak in
data.

For design event assessment up to the FFA matching«1% AEP event, flooding is largely contained within the
channel banks of the Parramatta River and its tributaries, with most of the flooding occurring through overland
flow. Mainstream flooding largely affects some, low=lying foreshore areas, but flood extents along the
mainstream change dramatically when flow is out of‘bank in events rarer than the 1% AEP. The PMF affects
large areas of the Parramatta River floodplain as well as overland flow areas.

Comparison with previous flood studies shows:

Current 2023 Study flood levels forevents up to the 2% AEP are generally lower than the
UPRCT/SKM MIKE11 flood levels previously generated for the Upper Parramatta River;

All areas downstream of Charles Street Weir are generally lower in the Current 2019 Study when
compared to the Lower Parramatta River Flood Study (SKM, 2005) results. This is primarily due to
the significant difference insflows and use of bathymetric data.

For both the 1% AEP and PMF, substantial additional flood areas are observed in overland areas,
which were not previously‘'medelled, but have been included in the current TUFLOW model.

Differences between the current Flood Study and the previous UPRCT model results are explained by
differences in model inputs and medelling techniques including:

two-dimensional modelling being used in the current Flood Study which more accurately represents
flow across floodplains and overland areas compared with one-dimensional modelling;

buildings are blocked out in the current TUFLOW model, and this impacts flowpaths through
overland flow areas;

newly collected bathymetric survey of Toongabbie Creek between Old Windsor Road and the weir
downstream.of Cumberland Hospital and Domain Creek;

newly‘acquired survey of numerous hydraulic structures throughout the study area which have
been incorporated in the model;

the inclusion of new structures which have been built since the previous modelling was undertaken
such as Peter Parade levee;

% incorporation of the pedestrian portals through Lennox Bridge which were opened in late 2014. The
effect of the portals is to lower water levels upstream of Lennox Bridge and allow more flow through
the structure and hence increase flows and flood levels downstream of the bridge;
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incorporation of developments that have occurred since the previous flood studies and majer
infrastructure including the new Parramatta Stadium and the soon to be constructedAlfred Street
bridge;

adoption of a different tailwater level leading to influences on water levels downstream of Charles
Street Weir (80mm lower at most downstream boundary in current study due to revised new
methodology published by OEH; refer to Reference 12); and,

Modelling and mapping of additional overland areas not previously modelled.

Climate Change

It is widely accepted that Climate Change will lead to increases in global temperatures which will lead to
increases in the intensity of rainfall along with sea level rise. For this Study, Climate Change scenarios were
assessed which coupled a low and a high carbon emissions scenario rainfall inérease predictions with
corresponding expected sea level rise for 2050, 2090 and 2150.

Consideration of the effects of Climate Change show that for a 6.4% increase in rainfall, FFA 1% AEP flood
levels increase of approximately 400mm may be experienced at Marsden Street Weir. A 19.7% increase in
rainfall intensity would elevate flood levels by over 0.51m. With consideration"of the benchmark Sea Level
Rise of 0.9m by 2100 and 1.5m by 2150, significant areas of the Lower Parramatta River foreshore would be
impacted. However, impacts due to sea level rise are limited to areas downstream of the Charles Street
Weir.

Conclusion

The Parramatta River Flood Study provides an update to.the available flood information for the former
Parramatta City Council LGA excluding Duck River, Duck,Creek”and A’Becketts Creek. The results of the
Study describe the flood behaviour in the Study Area and will assist in raising community awareness of flooding
and flood risk in their area. The study will be used by Cauncil and various stakeholders to inform flood planning
and emergency management in the Study Area.

The Study uses current industry standard methods and/guidelines in flood estimation using Australian Rainfall
and Runoff 2019 and a series of OEH floodplain management guidelines. The design event flood estimates
were validated to a Flood Frequency Analysis of observed annual peak flood levels.

For flood planning levels a FFA matched 1% AEP desigh event and associated RCP8.5, 2150 Climate Change
assessment was undertaken however standard ARR 2019 process was adopted for all other events. In
accordance with ARR19 blockage of cross drainage structures was considered and the maximum water level
envelope from the FFA 1% AEP matched design and Climate change scenario was considered for the
proposed blockage and an unblocked scenario to ensure the flood planning layer and extents meets ARR
2019 requirements.

As part of this analysis, the Marsden_Street Weir gauge (213004) level-flow relationship (rating curve) was
reviewed and updated using the hydraulic model to inform the extrapolation to higher flows beyond the field
gauging data. The modelling approach, model setup, parameters and results and the study outcomes have
been peer reviewed by an independenticonsultant on behalf of Council.

The original 1% AEP design flood levels are lower than previous MIKE 11 flood modelling that Council has
adopted. However, the XP-RAFTS"model flows for the FFA matched 1% AEP design event are larger so as to
provide the best FFA matched outcome in the detailed hydraulic model. For the remaining events the reduction
in flows are due to the designi/flow estimates being lower using updated methods along with and differences
in model setup more up-to-date survey and catchment conditions. Probable Maximum Flood extents remain
similar to previous modelling.

The models have béen run for the FFA matched 1% AEP, standard ARR design 0.5%, 0.2%, 2%, 5%, 10%,
20%, 50% and 63% AEP Storms and half-PMF and PMF event. Flood levels, Depths, velocities, Hazard and
Hydraulic Categories; Hazard Vulnerability Classification and Flood Risk Precincts have also been mapped for
the FFA matched=1%.AEP, standard ARR design 2%, 5%, 20% AEP Storms and PMF event.

Much of this propesed re-development activity will occur alongside the Parramatta River and adjoining
tributaries which extend across over two thirds of the entire LGA. In the report, we have chosen seven
significant'areas based on high flood planning constraints, using hazard mapping and emergency response
planning..These,areas pose the highest flood risk and by focusing on these areas, Council can allocate
resources and respond effectively to mitigate flood impacts in the future. The significant Areas outlined in this
reportincluding:
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Camellia.
Parramatta CBD (whole of CBD);
Parramatta CBD (river foreshore area);
North Parramatta Urban Renewal Precinct;
Westmead Biomedical Precinct;
Knowledge Precinct Area (adjacent to and including parts of Western Sydney University);
Rydalmere;
Other areas susceptible to high flood risk and sensitive to blockage and Climate Change include:
Toongabbie — near Pendle Creek and Toongabbie Creek confluence
Old Toongabbie — Bogalara Creek
Westmead, Wentworthville and Constitution Hill - Finlaysons, Coopers and Milsons Creeks
Harris Park and Rosehill — along Clay Cliff Creek
Rydalmere and Ermington foreshore areas — Lower Parramatta River
Shell Oil along Duck Creek and Duck River.

It should also be noted that large parts of Stage 1 of the Parramatta Light Rail are within the Parramatta River
Floodplain, along with some of the stations for the forthcoming Metro West train line.

Flood Emergency Response Planning classification of cemmunities and Flood Planning Constraints
Categories have been assessed for Significant Areas to inform Council and SES regarding land-use planning
and emergency management planning in future stages.

The updated Parramatta River Flood Study presents_contemporary flood models and mapping for Council’s
use in planning decisions and to form the basis for the future stages of Floodplain Risk Management.
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NSW SES State Emergency Service

UPRCT Upper Parramatta River Catchment T@

T
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Glossary

Annual Exceedance
Probability (AEP)

Australian Height Datum
(AHD)

Average Recurrence Interval
(ARI)

Cadastre, cadastral base

Catchment

Creek Rehabilitation

Design flood

Development

Discharge

Flash flooding

Flood

Flood fringe

Flood hazard

Flood-prone/land

Refers to the probability or risk of a flood of a given size,occurring or being
exceeded in any given year. A 90% AEP flood hags a high“probability of
occurring or being exceeded each year; it would occur,quite often and
would be relatively small. A 1%AEP flood has aiow probability of
occurrence or being exceeded each year; it would befairly rare but it
would be relatively large.

A common national surface level datum appreximately corresponding to
mean sea level.

The average or expected value of the periods between exceedances of a
given rainfall total accumulated over a given duration. It is implicit in this
definition that periods between exceedances are generally random

Information in map or digital form showing the extent and usage of land,
including streets, lot boundaries, water courses etc.

The area draining to a site{ It always relates to a particular location and
may include the catchments of tributary streams as well as the main
stream.

Rehabilitating the natural 'biephysical’ (i.e. geomorphic and ecological)
functions of the creek.

A significant event'to be considered in the design process; various works
within the floodplain may have different design events. E.g. some roads
may be designed to have a 1% AEP flood immunity while other roads may
be designed to'be.overtopped in the 20 year ARI or 5% AEP flood event.

The erection/of a building or the carrying out of work; or the use of land or
of a building orwork; or the subdivision of land.

The'rate of-flow of water measured in terms of volume over time. lItis to
be distinguished from the speed or velocity of flow, which is a measure of
how fast the water is moving rather than how much is moving.

Floeoding which is sudden and often unexpected because it is caused by
sudden local heavy rainfall or rainfall in another area. Often defined as
flooding which occurs within 6 hours of the rain which causes it.

Relatively high stream flow which overtops the natural or artificial banks in
any part of a stream, river, estuary, lake or dam, and/or overland runoff
before entering a watercourse and/or coastal inundation resulting from
super elevated sea levels and/or waves overtopping coastline defences.

The remaining area of flood-prone land after floodway and flood storage
areas have been defined.

Potential risk to life and limb caused by flooding.

Land susceptible to inundation by the probable maximum flood (PMF)
event, i.e. the maximum extent of flood liable land. Floodplain Risk
Management Plans encompass all flood-prone land, rather than being
restricted to land subject to designated flood events.
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Floodplain
Floodplain management
measures

Floodplain management
options

Flood planning area

Flood planning levels (FPLs)

Flood storages

Floodway areas

Geographical Information
Systems (GIS)

Hazard Vulnerability
Classification

High hazard

Hydraulics

Hydrograph

Hydrology

Area of land which is subject to inundation by floods up to the probable
maximum flood event, i.e. flood prone land.

The full range of techniques available to floodplain managers.

The measures which might be feasible for the management of a particular
area.

The area of land below the flood planning level'and thus subject to flood
related development controls.

Flood levels selected for planning purposes, as,determined in floodplain
management studies and incorporated in floodplain management plans.
Selection should be based on an understanding of the full range of flood
behaviour and the associated flood rigk. It'should also take into account
the social, economic and ecological consequences associated with floods
of different severities. Different FPLs may be appropriate for different
categories of land use and for different flood plains. As FPLs do not
necessarily extend to the limits‘ef flood prone land (as defined by the
probable maximum flood), floodplaingmanagement plans may apply to
flood prone land beyond the:defined FPLs.

Those parts of the floodplain that are important for the temporary storage
of floodwaters during the'passage of a flood.

Those areas of the floedplain where a significant discharge of water
occurs during floodsy, They are often, but not always, aligned with
naturally defined/channels. Floodways are areas which, even if only
partially blocked, would/cause a significant redistribution of flood flow, or
significant increaseyin flood levels. Floodways are often, but not
necessarily,areas of deeper flow or areas where higher velocities occur.
As for floodsstorage areas, the extent and behaviour of floodways may
change with flood severity. Areas that are benign for small floods may
cater for much greater and more hazardous flows during larger floods.
Hence, it is necessary to investigate a range of flood sizes before
adopting a design flood event to define floodway areas.

A system of software and procedures designed to support the
management, manipulation, analysis and display of spatially referenced
data.

Hazard Vulnerability classification equivalent of Floodplain Manual flood
hazard curve (H1-H6 category). Categorisation of Flooding threat that are
most likely to have an impact on a and the surrounding area.

Flood conditions that pose a possible danger to personal safety;
evacuation by trucks difficult; able-bodied adults would have difficulty
wading to safety; potential for significant structural damage to buildings.

The term given to the study of water flow in a river, channel, or pipe, in
particular the evaluation of flow parameters such as stage and velocity.

A graph that shows how the discharge changes with time at any location.

The term given to the study of the rainfall and runoff process as it relates
to the derivation of hydrographs for given floods.
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Low hazard

Mainstream flooding

Management plan

Mathematical/computer
models

Overland Flow

Peak discharge

Probable Maximum Flood
(PMF)

Provisional Flood Hazard

Probability

Risk

Runoff

Stage

Stage hydrograph

Stormwater flooding

Flood conditions such that should it be necessary, people and.their
possessions could be evacuated by trucks; able-bodied adults,would have
little difficulty wading to safety.

Inundation of normally dry land occurring when water, overflows the
natural or artificial banks of the principal watercourses ima catchment.
Mainstream flooding generally excludes watercourses constructed with
pipes or artificial channels considered as stormwater channels.

A document including, as appropriate, both written and diagrammatic
information describing how a particular area/of land)is to be used and
managed to achieve defined objectives. It;may-also include description
and discussion of various issues, special features and values of the area,
the specific management measures which are.to apply and the means
and timing by which the plan will be implemented.

The mathematical representation of the.physical processes involved in
runoff and stream flow. These models are often run on computers due to
the complexity of the mathematical relationships. In this report, the
models referred to are mainly involved/with rainfall, runoff, pipe and
overland stream flow.

The flow of water over the'ground surface either along formal flow paths
such as roads and formed ehannels, or informal flowpaths along
topographic low points and. through properties and open space areas. The
term overland flow is used interchangeably in this report with “flooding”.

The maximum disgharge occurring during a flood event.

The flood calculatedito be the maximum that is likely to occur.

This is determined‘through a relationship developed between the depth
and velocity of floodwaters and is based strictly on hydraulic
considerations and refining the initial hazard categorisation to inform the
safety of individuals using the low, intermediate, and high hazard
categories.

A statistical measure of the expected frequency or occurrence of flooding.
For a‘fuller explanation see Annual Exceedance Probability.

Chance of something happening that will have an impact. It is measured
in terms of consequences and likelihood. For this study, it is the likelihood
of consequences arising from the interaction of floods, communities and
the environment.

The amount of rainfall that ends up as stream or pipe flow, also known as
rainfall excess.

Equivalent to 'water level'. Both are measured with reference to a
specified datum.

A graph that shows how the water level changes with time. It must be
referenced to a particular location and datum.

Inundation by local runoff. Stormwater flooding can be caused by local
runoff exceeding the capacity of an urban stormwater drainage system or
by the backwater effects of mainstream flooding causing the urban
stormwater drainage system to overflow.
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Topography A surface which defines the ground level of a chosen area.
Upper Parramatta River A former organisation responsible for the previous hydrology*and
Catchment Trust hydraulic modelling of the Upper Parramatta River.

Note * Terminology in this Glossary have been derived or adapted from the NSW Government Floodplain Development Manual, 2005,
where available.
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1 Introduction

Stantec (formally Cardno) was engaged by City of Parramatta Council (Council) to prepare‘the Parramatta
River Flood Study in accordance with the NSW Floodplain Development Manual (2005). This Flood Study
focuses on all mainstream flooding and overland flow paths within the City of Parramatta Council former
Local Government Area (LGA) prior to Council amalgamations in 2016. This includes thesParramatta River
and its tributaries, and a portion of Terrys and Devlins Creeks which flow to the Lane,Cove River. Post
amalgamations the model has been updated to include part of Duck River that isswithin'the new LGA and
does not include areas of Duck River outside the current LGA.

The primary objective of the New South Wales Government’s Flood Prone Land, Policy is to reduce the
impact of flooding and flood liability for individual owners and occupiers of floed prone property, and to
reduce private and public losses resulting from floods, utilising ecologically positive methods wherever

possible.

Through the Office of Environment and Heritage (OEH), the Department of Planning and Environment (DPE)

and the State Emergency Service (SES), the NSW Government proyides specialist technical assistance to
Local Government Agencies on all flooding and land use planning matters."The Floodplain Development
Manual (NSW Government, 2005) is provided to assist Councils inméeting their obligations through the
preparation of Floodplain Risk Management Plans. Figure 1-1 was extracted from the Floodplain
Development Manual and highlights the process for plan preparation, implementation, and review.

Floodplain Risk Established by the
Management local council, must
Committee include community
Section 22 groups and state
AppendixD agency specialists
I
Data Flood Study FloodplainRisk Floodplain Risk Plan
Collection Management Management Implementation
Study Plan
Section 2.3 Section 2.4 Section 2.5 Section 2.6 and 2.7 Sections 2.8 and 2.9
Appendix E Appendix F Appendix G Appendix H Appendix |
| € € € |
Compilation of Defines the Determines Preferred options Implementation of flood,
existing data nature and options in publicly exhibited response and property
and collection extent of thie consideration of and subject to modification measures
of additional flood problem /in social, ecological revision in light of (including mitigation
data. Usually technical rather and economic responses. works, planning controls,
undertaken by than map form. factors relating to Formally approved flood warnings, flood
consultants Usually flood risk. Usually by the council after readiness and response
appointed by uridertaken by undertaken by public exhibition plans, environmental
the council. consultants consultants and any rehabilitation, ongoing

Note: Sections in Figure/refer to sections of the Floodplain Development Manual

Figure 1-1

appointed by the
gouncil.

appointed by the
council.

necessary
revisions due to
public comments.

data collection and
monitoring) by council.

Fleodplain Risk Management Process (Figure 2.1, NSW Floodplain Development Manual, 2005)

City of Parramatta Council is responsible for local land use planning in its service area, including the

Parramatta,River (within its LGA) catchment and its floodplain.

Through its Floodplain Risk Management Committee, the City of Parramatta Council proposes to prepare a

comprehensive Floodplain Risk Management Plan for the Study Area in accordance with the NSW
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Government’s “Floodplain Development Manual: The Management of Flood Liable Land”, April 2005,(The
Manual).

This project relates to the “Data Collection” and “Flood Study” phases of the process.

11 Study Context

The City of Parramatta has been historically recognised as a vital local government area in metropolitan
Sydney. The Parramatta CBD is the 29 largest in Sydney and 6th largest in Australia, withitens of thousands
of people working in the CBD and in the LGA. The Westmead Hospital in conjunctiomwith affiliated medical
institutes constitutes the largest biomedical precinct in the Southern Hemisphere:

Thousands of students attend the University of Western Sydney (UWS) at the CBD_campus and the
Rydalmere campus. Billions of dollars of redevelopment, including a new light rail system, has been planned
to be built in the LGA over the next few years. The proposed rezoning of existing industrial lands will attract
thousands of new residents to the LGA.

Much of this proposed re-development activity will occur alongside the Parramatta River and adjoining
tributaries which extend across over two thirds of the entire LGA.

Significant areas within the catchment:
Camellia.
Parramatta CBD (whole of CBD);
Parramatta CBD (river foreshore area);

Knowledge Precinct Area which is adjacent to and in€ludes part of University of Western Sydney
Campus area;

North Parramatta Urban Renewal Precinct;
Westmead Biomedical Precinct;
Rydalmere;

It is vital for Council to have up-to-date flood information to inform the planning process for the significant
development volume and to assist in managing current and future flood risk.

1.2 Study Objectives

The Flood Study is to provide City of Parramatta Council with a contemporary and advanced catchment wide
Flood Model to assist in floodplain management, structural works, planning, development control and
emergency management in the Parfamatta LGA. The primary objective of the Flood Study is to model the
flood behaviour in the Study Area under existing conditions, address possible future variations due to climate
change and advise on future flood mitigation works. The development of a detailed flood model will help
guide future development in the catchment.

The Flood Study provides the preparatory groundwork required to undertake the identification of emergency
management measures and other critical flood information required by the State Emergency Services (SES)
as part of flood response action.

The Flood Study will also provide the preparatory groundwork required to undertake a Floodplain Risk
Management Study andwa, Floodplain Risk Management Plan with particular emphasis to implement potential
flood mitigation solutions forithe Westmead Biomedical Precinct and the Parramatta CBD and other areas
within the flood study area. The Flood Study supports Council’s intention to invest in innovative, cost-
effective long-term flood mitigation measures in the LGA.

The flood studytis alsoesto provide council with better and more refined definition of a Flood Planning Layer
(FPL) which has been defined as the maximum flood level envelope generated for the following event:

o FFA maiched 1% AEP design event (for zero and ARR19 blockage) for the RCP8.5, Year 2150
Climate Change and including a 500mm freeboard.

The above events are run for both a structure blockage and unblocked scenario and the envelope of water
level dutcomes, hazards and depths are provided to define to FPL.
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1.3 Study Area

The Study Area includes the catchments of Parramatta River and adjoining tributaries within the*GCity of
Parramatta Council former Local Government Area (LGA) prior to Council amalgamations in 2016. The
Study Area is shown in Figure 1-2.

20 June 2023



@ Stantec 59916074/ 304600102 Final Draft Flood Study Report

Parramatta River Flood Study

THE HILLS

BLACKTOWN

CANADA
= BAY

FAIRFIELD /R

7 ' \ STRATHFIELD

LIVERPOO CANTERBURY-BANKSTOWN

Legend /

1. o 1 Study Area

Previous Parframa GA

CJea
[ Upper Parra

GEORGES RIVER

River Catchment

Iver Catchment

"" FIGURE 1-2 ' Study Area and i
u e 1:150,000 Scale at A4

%gw - Cathcment Boundary

Q ’ T 1 =z 3 PARRAMATTA RIVER FLOOD STUDY

Figure 1-2 Parramatta River Flood Study — Study Area and catchment boundary (source: CoP Study Invitation to Tender)
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The catchment was historically, strategically divided as the Upper Parramatta Catchment and the Lower
Parramatta Catchment; however, these areas were combined for the purposes of this study. The"combined
catchment boundary (upper & lower Parramatta River Catchments) extends well beyond the former.
Parramatta LGA (and Study Area) and presently overlaps with eight other adjacent Council LGA boundaries
(post amalgamation) as shown in Figure 1-2. Adjacent Councils (post amalgamation) including Parramatta
River catchments are Ryde, Canada Bay, Strathfield, Burwood, Canterbury-BankstownfCumberland,
Blacktown and The Hills.

The Parramatta River Catchment stretches for over 212 square kilometres in area, with mere than 20 major
adjoining creek tributaries linking to the Parramatta River which discharges into the'Sydney Harbour apart
from Devlins Creek and Terrys Creek catchments which discharge into the LaneCove River).

Additionally, Figure 15-1 shows the catchment and the adjoining tributaries that.flow/into the Study Area in
more detail.

The former Parramatta LGA area makes up 30% of the total Parramatta River,Gatchment and covers 61.4
square kilometres.

Duck Creek and Duck River have recently had flood models prepared and A’Beckett's Creek Flood Study will
be updated by Council in the near future. As such, these tributaries arevexcluded from the current study and
so the resulting Study Area for this assessment is 49 square kilomefres.
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2 Approach

The Parramatta River Flood Study was prepared using existing data provided by City of Parramatta Council
as the basis for the hydrologic and hydraulic models. These models have been reviewed, amended and
extended as appropriate to include additional collected data for this study or to refine the models to suit the
objectives of the study.

A review of available information (Section 3) considered previous flood study models and reports, rainfall
and streamflow gauge data, tide information, available survey, hydraulic structures and,historical flood
observations. Additional data collection was undertaken (Section 4) through stakeholder liaison, site visits,
rainfall and streamflow gauge data acquisition, additional survey of bathymetry“and hydraulic structures and
community consultation to obtain community experiences of flooding.

This data was used to develop a detailed XP-RAFTS hydrologic model that covered the entire Parramatta
River catchment, and the seven defined TUFLOW hydraulic models covering'the Study Area. The Tuflow
models developed have been based on modelling the Main Parramatta Riveri\€Channel and an additional 6
maijor tributaries identified within the area highlighted in Figure 1-2.

The XP-RAFTS hydrologic model was developed firstly by rectifyingrseveral issues pertaining to the existing
models provided by City of Parramatta Council and models updated ta'reflect present day catchment
conditions. The existing hydrologic models were then consolidateduinto one large model representing the
entire Parramatta River catchment.

The hydrology model was then calibrated and validated to thg historic events that occurred in April 1988,
April 2015, and June 2016. Once calibrated, the hydrology medel is used to produce flow hydrographs for
design flood events which are used as inputs for the hydraulic moédel. The development of the hydrologic
model is detailed in Section 5.

The scope of the study included updating the hydrologic model in accordance with the Australian Rainfall &
Runoff 2019 (ARR2019) Guidelines. The approach adopted is the ensemble in hydrology, mean in
hydraulics approach as outlined in OEH Floodplain‘Risk Management Guide: Incorporating 2016 Australian
Rainfall and Runoff in studies (NSW OEH, 2019).“the medel was run for an ensemble of 10 temporal
patterns for each event and duration. The appropriate temporal pattern and critical duration for each AEP
design event was determined. The ARR2019 hydrology methodology is detailed in Section 6.1 and
Appendix E.

The model flows were also validated and further adjusted for the 1% AEP event against a Flood Frequency
Analysis of historical gauged peak flows at Marsden Street weir described in Section 5.4.3 and Appendix B.
In general, ARR2019 design event flow estimates are lower than estimated by the FFA and hence sensitivity
testing was undertaken with differing IFDs/and'temporal pattern combinations to determine if alternate
methods could lead to higher flow estimates. Following sensitivity testing, it was determined that an
upscaling of the ARR19 IFD was required for the 1% AEP event to match the FFA outcomes and that this
upscaling was to be further applied to both the 1% AEP and the Climate Change assessment (RCP8.5,
2150) to be adopted for flood planning level definition. Design flood estimation is detailed in Section 6.

A 1D/2D TUFLOW hydraulic model was then created using existing data provided by City of Parramatta
Council and additional data collection. This included aerial photographs, ALS data, bathymetric survey,
survey of hydraulic structures, and Council’'s stormwater drainage network. The hydrologic model flows were
input to the hydraulic model, which was also calibrated and validated to the three historic events. The
development of the hydraulic model is detailed in Section 7.

Model setup for both theshydrology and hydraulic models have considered future use of the models and
future stages of the floodplain risk management process.

The calibrated and.validated hydraulic model was then used to simulate a range of design flood events (FFA
matched 1% AEP, standard ARR design 0.5%, 0.2%, 2%, 5%, 10%, 20%, 50% and 63% AEP Storms) and
the Probable Maximum Flood (PMF) as well as half-PMF events along the Parramatta River/Toongabbie
Creek main channél and the tributaries and overland flow areas within the Study Area. Sensitivity Analysis of
input parameters and model scenarios along with Climate Change scenarios was also undertaken. Model
Scenarios/are outlined in Section 9 with a summary of outcomes to be provided in Table 2-1.
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Table 2-1 Models and Outcomes

Model Results

Storms (ARI) Full Analysis

Only
Design Storms (AEP %) Full Analysis Full Analysis Results only
Storms — with Storms — No Storms
Mapping Mapping
FFA matched 1% (ARR19 Blockage) X \
2 X
5 (ARR19 Blockage) X
10 X
20 X
50
63
05 X
0.2 '\
50% of PMF _¥-
PMF X /7. \

Note that the concept of full analysis storms is expected to includwment of all durations ranging from
15min to 36 hours for the required Design storms however current assessment has been done to review all
storms and to select the critical durations that create the peaksflood levels about the catchment. Mapping has
been provided for the critical duration events as required.

Modelling was also undertaken to consider the blockage s drainage structures and culverts (1D
structures) within all models in accordance with ARR19 reco ndations for the FFA matched 1% AEP and
the climate change event required for FPL definition.

Results of the modelling have been processed and t g maps and outputs produced:

> Peak water level and depth

> Hydraulic Categories

> Velocity
> Hazard Vulnerability Classification :

> Flood Risk Precincts

> Flood Profiles

> Flood Planning Areas Q
> Sensitivity Analysis

> Climate Change Scenari

> Emergency Respon ps

The hydraulic modelling results and*analysis of these results are presented in Section 10.

The modelling approach, mod& setup, parameters and results and the study outcomes have been peer
reviewed by an indeWconsultant on behalf of Council.

QY{(
Q
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3 Background and Review of Previous Information

This section outlines the information review of all background hydrologic and hydraulic data provided by City
of Parramatta Council. The review collated information and determined its source, accuracy,and/suitability for
use in this study as well as identifying data gaps. This includes previous Flood Studies; hydrologic models
and hydraulic models. Any additional data required for the Flood Study was identified and obtained. This
includes rainfall data, streamflow data, additional bathymetric survey and survey of hydraulic structures.

3.1 Existing Studies & Reports

3.11 Flood Studies and Floodplain Risk Management Studies & Plans

Several previous studies and assessments have been undertaken within the'Rarramatta River catchment.
Some of these studies have been summarised and reviewed in a literature survey,undertaken by Molino
Stewart (February 2014). These studies are shown in Table 3-1. Other relevant studies that have not been
specifically reviewed by Molino Stewart (February 2014) are identified in Table3-2.

Table 3-1 Previous Studies Reviewed by Molino Stewart (2014)
Study Author Date
i Upper Parramatta River Catchment Floodplain Risk Management Study ngliger Consulting 2003
2 i in Ri 4
II_?ow_er Parramatta River Floodplain Risk Management Study+ Flood Study SKM 2005
eview
3 Lower Parramatta River Floodplain Risk Management Study:and Plan- SKM 2005
Volume 1- Main Report (2005)
4 Lower Parramatta River Floodplain Risk Management Study and Plan- SKM 2005
Volume 2- Planning (2005)
S Draft A'Becketts Creek Drainage Master Plan GHD 2009
6 Duck River and Duck Creek Flood Study Review WMA Water 2012
7 Duck River Catchment Floodplain Risk Management.Study MSImo Stewart Pty 2012
8 Duck River Catchment Floodplain Risk Management Plan M?’Ilno Stewart Pty 2012
Table 3-2 Other Relevant Studies (not mentioned in Molino Stewart, 2014)
Study Author Date
A’Becketts Creek SWC No.46 Catchment Management Study — Volume 2 Eteywl_stzer Consulting 1990
2 A'Becketts Creek- Revision of Flood Lévels as a Consequence of the Duck
Creek SWC No.35 Catchment Management Study Water Board 1993
3 Terrys Creek Sub catchmentiManagement Study Cardno Willing 2005
4 Clay Cliff Creek Catchment Master Drainage Plan Cardno Willing 2007
5 Eastwood and Terrys Creek Floodplain Risk Management Study and Plan Bewsher Consulting 2008
(For Ryde Council) Pty Ltd
6 Upper Devlins CreekiCatchment Drainage Master Plan Cardno Willing 2009
i NSW Urban Flood Levee Review — Channel Street Eigﬁgi‘latta City 2013
. NSW Urban FloodiLevee Review — Edison Parade Eigﬁgi‘latta City 2013
9 NSW UrbaniFlood Levee Review — Peter Parade parramatta City 2013
10 Flood/Control Study for Rosehill/Camellia SKM 2013
11 Rydalmere Knowledge Precinct Flood and Development Control Study SMEC 2013

The aforementioned studies were reviewed in conjunction with their associated hydrologic and hydraulic
models;‘a,review of these models is outlined in Section 3.2 and Section 3.3.
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3.1.2 Tidal Levels

The following information regarding the tailwater level adopted in the Lower Parramatta River Flood Study
Review (SKM, 2005) was found to be relevant to the current study.

“In this study, downstream boundary was defined by observed tides. The amplitude of the tide
used in this study is about 0.6m. A higher amplitude tide was not used as it wouldyhave
resulted in a joint probability that would have exceeded the probability of the flood flow being
considered. However, in the DS parts of the Parramatta River, the Peak fload levels are
controlled by the extreme flood level and not the flood flow level. To allow forthis, the
longitudinal profile of flood levels, from Charles Street Weir to Ryde Bridgewas truncated
when the flood level dropped to 1.42m AHD, about 3km US of Ryde Bridge. The High Tide of
1.42m was assessed as the 1% AEP using a frequency analysis. The'level of 1.42, was
assessed as the 1% AEP using a flood frequency analysis.”

A Frequency Analysis of High Tides undertaken by SKM (2005) at Fort Denison is shown in Table 3-3. A
tide level of 1.42 mAHD was adopted for the 1% AEP event and was used as the downstream flood level in
determining peak flood levels for the Lower Parramatta River.

Table 3-3 Frequency and Magnitude of High Tide at Fort Denison (SKM, 20053)
20% 1.27
5% 1.34
2% 1.34
1% 1.34

NSW Floodplain Risk Management Guide - Modellingithe Interaction of Catchment Flooding and Oceanic
Inundation in Coastal Waterways (NSW OEH, 2015)provides advice on approaches that can be used to
derive ocean boundary conditions and design flood levels for flood investigations in coastal waterways
considering the interaction of catchment flooding and.oceanic inundation for the various classes of estuary
waterways found in NSW and likely correspanding ocean boundary conditions.

The guide provides design still water levels for'kort Denison in Sydney Harbour as shown in Table 3-4.

Table 3-4 Design still water levels for Fort Denison (source Table 5.1 NSW OEH, 2015)

Exceedance Probability (% AEF) Tide Level (mAHD)
1 Exceedance per 1.25
10 % 1.35
Y

2% / 1.40

1% 1.45

Tidal planes for Sydney Harbour are provided in OEH NSW Tidal Planes Analysis — 1990-2010 Harmonic
Analysis (Table A17, MHL, 2012) for the Sydney Port Jackson at HMAS Penguin gauge.

A study for Sydney/Coastal Councils & CSIRO (2012) provides design water levels at Fort Denison for a
range of average fecurrence intervals (ARI), as shown in Table 3-5. The source of data for the water levels
for the Year 2010 is from Watson and Lord (2008), and the water levels for Year 2050 and Year 2100 was
extracted from the"NSW Coastal Risk Management Guide (NSW Government, 2010).
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Table 3-5 Sydney Coastal Councils & CSIRO Design Still Water Levels for Sydney Harbour
Water Level (mAHD)
Year 2050 Year 2100

1.31

ARl (years) Year 2010

0.97
0.05 1.05 1.39 .
0.10 1.1 1.44 & 1.94
1 1.24 1.58 > 2.08
5 1.32 1.66 2.16
10 1.35 1.69 @ 219
20 1.38 - -
50 1.42 1.75 Q 2.25
100 1.44 1.78 2.28

200 1.46

\J

>
The adopted tailwater levels for the study are discussed in Section 9.2.

3.2 Existing Hydrologic Model Data

Several hydrologic models were prepared for previous studies using XP-RAFTS modelling software. These
hydrologic models were provided to Cardno, along with their K studies where available (refer Table 3-6).

Table 3-6 Existing XP-RAFTS Models within the Parramatta River Catchment

Catchment Author

Approx.
2009-2010

Upper Parramatta River

ded — LLS Report
(Draft 8 and Draft 9) =

isk Management Study —

. SKM 2005
Review

2 Lower Parramatta River

3 Duck River

iver and Duck Creek —

Flood Study Review WMA Water 2012

4 Duck Creek

5 A’Becketts Creek

6  Vineyard Creek < > mﬁ;’a;‘:nce:ﬁell‘l fn“b'cat"hme”t SMEC 2004
2 g

P oswaoces A/ Gmeoscawosmetgq g

8  Terrys Creek / Iﬂi\rrzgzgr;eeenﬁ gjubc;gatchment Cardno 2005

. Upper Devlins Creek
9 Upper Deviins C& Catchment Drainage Master Plan Cardno 2009

Prior to consolidating the separate models, a detailed review of each model and its adopted parameters was
undertaken to de e their suitability for usage in the Parramatta River Flood Study.

s
Si
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3.2.2 Review of Hydrology Models

An initial data review of the abovementioned XP-RAFTS models was undertaken during Stage hof the Flood
Study, and the following issues were identified in Table 3-7: ‘

Table 3-7 Previous Hydrology Model Issues

Location Issue Identified

Lower Parramatta River e  Subiaco Creek and Vineyard Creek We e not geo-

referenced
Duck Creek, Duck River, Lower Parramatta e Models required trimming such t @
River and Subiaco Creek relevant watercourses were included

des representing the

sub-catchment areas as
iated GIS sub-catchment

models had discrepancies be
modelled in XP-RAFTS, and its
polygons;

Duck Creek, Duck River, Lower Parramatta
River and Vineyard Creek

Duck Creek and Duck River e models had missing or overla sub-catchment areas

These issues were addressed as part of developing the consolidated hydrologic model, as outlined in

Section 5.2.

3.2.3 Review of Rainfall Losses

The UPRCT Draft 8 and Draft 9 XP-RAFTS models adopt the Australian Representative Basins Model
(ARBM) loss model to represent rainfall losses in the hydrologic model. All other hydrologic models had
adopted the Initial Loss/Continuing Loss model.

Table 3-8 shows the key ARBM parameters adopted in the UPRCT Draft 8 model along with Typical ARBM
Parameters for Canberra Catchments quoted in the XP- TS Reference Manual. The only default
parameters given are for Impervious Storage (CAPI 1.2 mm for gentle to steep slopes and 1.2 —
1.5 mm for flat slopes. Parameters in bold are the ortant, according to the Manual.

T Model (Draft 8)

Table 3-8 ARBM Loss Model Parameters Adopted in the

Parameter Typical Parameters* UPRCT Model (Draft 8)

Impervious Storage Capacity (CAPIMP, mm)

Initial Impervious Storage (mm) - 0
Interception Storage Capacity (ISC, m 1.0 1.0
Initial Interception Storage (mm) - 0
Depression Storage Capacity (DSC, mm) 1-5 1.0
Initial Depression Storage (mm) / . - 0
Upper Soil Storage Capacity mm) 125 12.5
Initial Upper Soil Storage (US, mm) - 5.7
Lower Soil Storage Capacity ISC, mm) 12.5 - 200 60
Initial Lower Soil Storagé (mm) - 34.7
Initial Groundwater %ﬂv) - 0.055
Dry Sorptivity (S / 45-10 15.85
Saturated Hydral&ductivity (Ko, mm/min) 0.42-1.18 1.223
Lower Soil Drai actor (LDF) 0.05 0.05

cession Constant Rate (KG) 0.94 0.94
ecession Variable Rate (GN) 1.0 1.0
ainfall intercepted by Vegetation (IAR) 0.7 0.7

spiration Upper Soil (UH, mm) 10 10
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Max Evapotranspiration Lower Soil (LH, mm)

Proportion Evapotranspiration Upper Soil (ER)

Ratio potential Evaporation to A class pan

* Extracted from the XP-RAFTS Reference Manual

According to the UPRCT (2004) document:

“The loss module used in the Trust’s Rafts model is the ARBM module. This'module was adopted
over the initial/continuing loss module as it allowed for recovery of loss parameters for continuous

10

0.7

10

0.7
0.7

modelling. The parameters Dry Sorptivity (So) and Saturated Hydraulic Conductivity (A) were derived

as the average from soil tests carried out at four locations by Jeffery and Katauskas Pty Ltd in the
early 90’s for the Trust. The report for these tests has since been misplaceéd. Currently, the adopted
values of So and A are to remain unchanged, however, the Upper and'ower Soil Capacities can be

adjusted for calibration purposes”.

Noting that A =

Ko
2.8

The parameters from soil tests are reproduced below in Table 3-9 :

Table 3-9 ARBM parameters — Results from Field Tests and values adopted in'the,UPRCT Draft 8 model
o = - & fe >
o c = T C ¥ c ® ® 2 2
N £ 2 2| % 3 =3 = =5 =) o ~ 5 =5
z | S5 | 25|32 LE |28 | sz | 25| 9B S| E2 | BE| £8
2 >9 | E8| B2 28| 28 | 58| 29 | ¢ 52|58 | 28| 38
£ SE |s2| 288 5= | Be | 58 (/85 [.59 55| 55| Ea| =8
& | B8 |T5|8T5 8| 58 | 8° (S8 |52 20| 2° | EE | B
23 o o 2 2 s S5 |83 5 3 =2 | =2
@ = - == =0 7] &
mm/ mm/ mm/ mm/ mm mm % % mm mm mm mm mm
min*0.5 | min*0.5 | mm mm ° 0
usc uUs usc LSC
S So Ko A UszD % (int) LSZD AO Al usc LSC @int) (int)
Cumberland 11-14 3.6
State Forest 125 14.20 4.9 1.75 350 65 37.6 - 285 | 10311 | 0.228 | 24.44 | 1072 1.1
Astoria 14 - 15 4-7
Park 145 16.71 5.0 1.79 250 35 416 55 215 | 177.03 | 0.163 | 1456 | 89.4 0.8
Duncan 20 - 24 4 -7
Park 220 26.82 2.0 0.71 200 100 30.6 55 100 33.41 1.000 30.60 30.6 1.7
Northmead 2-6 5-8
Oval 4.0 5.66 1.8 0.64 80 50 22.2 6.5 30 83.03 1.657 11.10 6.7 0.7
63.39 13.7 4.89 80.70 233.9 43
Mean Value 15.85 3.4 1.22 20.20 58.5 1.08
Adopted 1585 | 3.43 |\1.22 1250 | 60.0 75 40
Parameters
Rafts-XP 10.00 03 12.50 | 50.0 0 0
Default
Rafts-XP
Data Set (as
per manual)
Ref Set 7.0 1.40 12,50 | 200.0
Dry Grass 4.5 0.42 12.50 12.5
Residential 100 0.84 12.50 25.0
Lawn
Playing 10.0 118 1250 | 25.0
Fields
Natural 10.0 0.42 1250 | 100.0
Forest

(Source: Upper Parramatta River Catchment Trust, February 2004)

The UPRCT Draft*8 model parameters were selected to be used as the basis for the consolidated XP-
RAFTS model. The ARBM loss parameters were then calibrated using the June 2016 historic event and
validated with the April 1988 and April 2015 flood events, as detailed in Section 5.3.
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3.24 Review of Surface Roughness & Impervious Areas

Different Manning’s ‘n’ values were adopted in each of the separate models. A comparison of the Manning’s
‘n’ values adopted for impervious and pervious areas in the separate models is shown in Table:3-10. Note
that table has been ordered from upstream to downstream.

Table 3-10 Manning’s ‘n’ Values Adopted in Previous Models
Impervious Surface Roughness Pervious Surface Roughness
UPRCT Model (Draft 8) 0.025 o 0.045
Lower Parramatta River 0.015 0.025
Duck River 0.015 0.015
Duck Creek 0.025 0.025
Vineyard Creek 0.02 t0 0.025 0.025t0 0.15
Subiaco Creek 0.015 0.025
Terrys Creek 0.025 0.033
Upper Devlins Creek 0.025 0.033

A revision of the catchment delineation was undertaken for the consolidatéd hydrologic model (refer Section
5.2.2) to ensure that it provides a suitable resolution for defining overland flowpaths and to produce reliable
results for the hydraulic model. The revision involved a finer discretisation of the Parramatta River
catchment, and therefore was represented by more and smaller sub-catchments.

While the Manning’s ‘n’ values and impervious areas adoptediin the separate models were applicable to their
respective catchment delineations, the smaller sub-catchments in the consolidated model required a revision
of these parameters. This ensures that surface roughness and rainfall losses are modelled reliably.

As such, remote sensing techniques were used to revise the Manning’ ‘n’ values and impervious areas
adopted in the consolidated model, which is described in“further detail in Section 5.2.5.
3.25 Review of Detention Basins

There are some 50 basins in the overall catchment of which 10 basins were significant in terms of detailed
modelling and model data validation. A list ofithese"basins (upstream to downstream) and their owners is
shown in Table 3-11 and the location of these basins is shown in Figure 15-3.

Table 3-11 List of the Significant Basins and Owners

Basin Name Caichment Owner

Clunies Ross Street Detention Basin Greystanes Creek

Blacktown Council

Cumberland Council

CSIRO Greystanes Creek (formerly Holroyd Council)

Darling Street Park

Pendle Hill Creek

Cumberland Council
(formerly Holroyd Council)

Fox Hills

Greystanes Creek

Blacktown Council

Duncan Reserve

Grantham Creek

Blacktown Council

Upper Toongabbie Creek

The Hills Council

Sierra Place
McCoy Park

Toongabbie Creek

City of Parramatta

Loyalty Road l

Darling Mills Creek

NSW Local Land Services

Lake Parramatta*

Hunts Creek

City of Parramatta

Brickfield Creek

City of Parramatta (formerly
owned by The Hills Council)

Clay CIliff Creek

City of Parramatta

*Lake Parramatta Dam is not a flood mitigation structure
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While these significant basins were included in previous models, the model parameters needed to be
validated against data to ensure the models appropriately represent these hydraulic control structures.

Survey data and/or ‘as constructed’ drawings were provided by City of Parramatta Council for three specific
areas which provide flood attenuation/detention behaviour:

e Jubilee Park;
e McCoy Park Basin; and,
e Ollie Webb Reserve.

Cardno also used other sources of information to verify the existing basin charagteristics'in the model. All
available data on the priority basins, including drawings, survey, previous reports and fact sheets were
collected from related agencies and departments.

A validation exercise was carried out to confirm the stage-storage curves by developing stage-storage
curves from ALS data and comparing with the stage-storage relationships. in the XP-RAFTS model. The
majority of these basins compared well, being within 5% and hence the XP-RAFTS relationships were
adopted. Where there was a significant difference, the volumes needed to be confirmed through survey as
described in Section 4.5.4.

Many of the basins were also setup using a stage-discharge relationship for the outlet and the dimensions of
outlet pipes and spillways was not known.

Where the collected information was not sufficient, site visits and survey were undertaken to gather the
required information. Additional survey was required to confirm the discharge characteristics for three basins.

This allowed the basin parameters to be checked and refined'including: stage-storage (level-volume) data;
outlet structure dimensions and discharge rating curves.

3.3 Existing Hydraulic Model Data
The following datasets were obtained from City of Parramatta Council for review:
e 1m Aerial Laser Survey, 2006;
e Bathymetric survey data;
e MIKE11 hydraulic model data;
o XP-SWMM hydraulic model data;
e TUFLOW hydraulic model data;
o Stormwater drainage network'data;
e Drawings of hydraulic strugtures;and,

e Survey data of detention basins.

The above datasets are discussed/in the following sections.

3.3.1 Review of ALS Data

Airborne Laser Scanning (ALS) survey data for the Parramatta River catchment was provided in 1-metre
resolution. While the ALS data is generally suitable for hydraulic modelling within the study area, some
channels were not represented accurately. The ALS data appears to have detected the standing water
surface along some watercoeurses and would therefore cause an underestimation in flow conveyance
capacity. For these areas, bathymetric survey or other channel bed data (such as cross-section data from
the UPRCT MIKE4.1 model) is more suitable.

The ALS terrainsis,shown in Figure 15-6.

3.3.2 Review'of Bathymetric Data

Cardno previously‘undertook a bathymetric survey of a portion of the Parramatta River for the Sydney Harbour
Ecological Response Model (Cardno, 2015), which was prepared for the Greater Sydney Local Land Services
(LLS). /The extent of the bathymetric data relevant to this Flood Study spans from Cumberland Hospital to the
downstream limits of the hydraulic model. The data has a point spacing of 8 meters longitudinally, and 4
metres perpendicular to the direction of river flow.
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The Sydney Harbour Ecological Response Model Report (Cardno, 2015) states that:

“The bathymetric information was derived mainly from AUS Charts 201, 202 and 203. Otherdata provided
by NSW government departments for previous investigations has also been included inthe'model system,
namely: -

e Bathymetric data on a 50m grid provided by Leichhardt Municipal Council (circa*2009)

e LIDAR data of Parramatta River, creeks, Lane Cove River and Middle Harbour data provided by
Hawkesbury-Nepean Catchment Management Authority (2012 & 2013).

This data was combined to form a comprehensive Digital Elevation Model«(DEM)»of Sydney Harbour,
Including Parramatta River. All data was converted to Australian Height Datum (AHD).”

AUS charts and information gathered by depth sounding form the basis of levelinformation in the river area.
The level information in the ‘dry’ area (i.e. land areas) has been formed using,LiDAR. To link the two
datasets, survey was undertaken in the intertidal region.

AUS charts have been developed and are maintained by the Australian{Hydregraphic Service. The data
source for the AUS charts associated with this study area are Maritime Services Board surveys to 1982 and
R.A.N surveys to 1983. As survey data is supplied to the Australian_Hydrographic Service, data is validated
and any relevant information is included in the charts. It is difficult to ascertain exactly which survey data is
included on the chart as it will have been combined with other sources.

The Parramatta River Estuary, Data Compilation and Review Study (Cardno Lawson Treloar, 2008) makes
comment on a number of bathymetric surveys undertaken in the Parramatta River Estuary. These surveys
are used in place of AUS chart where available as the data is more accurate. Depth soundings were
undertaken in 2005 from the confluence with Duck River to Charles Street Weir with very high spatial
resolution.

In addition to the 2005 bathymetry survey, a near shorésbathymetry survey (river perimeter) was undertaken
in 2013 from the Charles Street Weir to Cockatoo Island. Fornarrow streams (such as Duck River),
bathymetry survey was undertaken as several long sections, not just the perimeter.

This component of the data was collected using a‘narrow/beam echo sounder mounted to a kayak. The
sounder can collect data at 50 mm resolution logging at intervals of 2 — 5 seconds. GPS coordinates were
recorded concurrently to provide a three-dimensional data set.

In addition to the above data, a bathymetric survey produced by the RMS is also available. This data extends
from the Church Street Weir to Duck River Outlet. The review of this dataset shows survey contained to the
riverbed and does not contain any bank areas. A'comparison against the LLS bathymetry data shows good
agreement between bed levels, although'the LLS dataset provides a more complete dataset.

Therefore, it was recommended the LLS bathymetry survey be used for hydraulic modelling, as it is available
in a suitable, co-ordinated format andsis.in"2D, which will greatly improve stability and accuracy of the model.
The ‘dry’ component of the bathymetry survey will not be used in this Study as this information is already
available as part of the 2014 LiDAR.

Permission was granted by LLS to/ise the bathymetric survey data for the current study.

3.3.3 Review of MIKE11 Models

As the bathymetric survey is only available for the lower reaches of the Parramatta River, the UPRCT Upper
Parramatta River MIKE11 Cross sections were reviewed for suitability for use to model the river in the upper
reaches. It is noted that many MIKE11 cross-sections were developed using ALS data, which may not be
appropriate.

To determine the yalidity of the existing MIKE11 cross sections, the cross-section profiles were compared
against NSW Land“and Property Information (LPI) LiDAR provided by Council and bathymetric survey.

The review of cross=sections within the main channels (Parramatta River and Toongabbie Creek) show the
cross-sections to'be relatively accurate and suitable for use. Cross-sections for connecting tributaries do
show some ssues including not representing the channel area below the water surface within the in-bank
area and/or a horizontal shift in the section. Some sections did not have appropriate geographic coordination
and could not be represented in their correct location which created issues for comparison and would not be
accuraté fortying in to 2d terrain. Such sections had to be discounted from further use.

For cross,sections that show a similar level within the in-bank area to LiDAR, and the watercourse was a dry
channel, these sections were deemed suitable. Where the watercourse has water in it and the section
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matches the ALS, then it is likely the sections may in-fact be showing a water surface level rather than a river
bed level. Such sections were noted as candidates for additional survey data collection.

Some locations, where the LIDAR and the MIKE11 cross section profile closely align, the riverdees contain
a rock outcrop of naturally formed weir, suggesting the MIKE11 cross-section is likely to be accurate. This
further increases the confidence of the accuracy of the MIKE11 cross-sections.

Where cross-sections appeared to not be suitable, did not extend below the water surface, omthe section
spacing was too sparse to represent hydraulic features, additional survey was collected:

The MIKE11 cross-sections extend for a significant width outside of the main river channel. Cross-sections
have been trimmed to only represent the channel within the in-bank area and thes1% AEP flood extent. ALS
is used outside of these locations.

3.34 Review of XP-SWMM Models

An XP-SWMM model of Clay Cliff Creek was prepared for the Clay Cliff Creek Catchment Master Drainage
Plan (Cardno Willing, 2007). It has been assumed that there have been nex¢hanges to the Clay Cliff Creek
channel since the preparation of this model as there is no documentation of any upgrades. Site investigation
undertaken by Cardno did not identify any major changes to the Clay.Cliff:Creek channel since the
preparation of this model. As such, data extracted from this model was used for the development of the
hydraulic model for this Flood Study.

In addition to the above some changes have been observed around Jubilee Park in relation to re-
development within the floodplain adjacent to the Sydney Water,Channel. This has been reviewed and
allowed for in the current model development.

3.35 Review of TUFLOW Models

A TUFLOW model of Upper Devlins Creek was prepared for the'Upper Devlins Creek Catchment Drainage
Master Plan (Cardno Willing, 2009). It has been assumed, that'there have been no changes to the Devlins
Creek channel since the preparation of this model assthere is‘'ho documentation of any upgrades. Site
investigation undertaken by Cardno did not identifyany’/major changes to the Devlins Creek channel since
the preparation of this model. As such, data extracted from this model was used for the development of the
hydraulic model for this Flood Study.

City of Parramatta Council also provided a TUFLOW model of the proposed Alfred Street Bridge. The new
pedestrian bridge (which is being planned for construction, as of October 2019) crosses the Parramatta
River, and is located approximately 480 metres/upstream of James Ruse Drive Bridge. The Alfred Street
Bridge was included in all design event hydraulieamodels for this Flood Study and was excluded from
calibration event models. The updated mainstream flood model did not observe any caused by Alfred Bridge,
which consistent with Council’s provided model.

3.3.6 Review of Stormwater DrainagesNetwork

Data for the stormwater drainage network within the City of Parramatta Council LGA was provided. The data
contained information about thessizerand invert levels of most pits and culverts.

For the pits and culverts with missing size and invert level data, an estimate was determined with reference
to ALS and bathymetric survey data, The estimated invert level was determined by lowering culvert inverts
to ensure that the depth of cover is not less than 450 mm along its entire length.

3.3.7 Review of Hydraulic Structures Data

Drawings for several hydraulic structures were provided by City of Parramatta Council. The drawings that
were used in the preparation of this Flood Study include the following:

o Pedestrianybridge south of Elizabeth Street;
¢ Rings Bridge (O’Connell Street);
e Redbank'Road Bridge; and,
o Weir 50mrdownstream of McCoy Park Basin Outlet.
In additiony,some bridge information was sought from Roads and Maritime Services including:
o £, Silverwater Road Bridge;
e Old'Windsor Road Bridge; and
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e Briens Road Bridge;

For remaining bridges, additional survey was required to be obtained as discussed in Section 44,

34 Rainfall Data

A total of 88 rainfall gauges were identified within the Parramatta River catchment. This includes both open
and closed gauges and pluviometers and daily read stations. A database was prepared to determine the
type and range of data available for each rainfall gauge. Rainfall data for gauges that had,available and
relevant data was obtained for calibration and validation of the hydrologic and hydraulic models, as
described in Section 4.3. A total of 33 pluviometers had data available for some.or all'the calibration events
and details of these pluviometers are shown in Table 4-1. The location of these'gauges is shown in Figure
15-4.

35 Water Level Data

There were 14 water level gauges identified within the Parramatta River, catchment. Of these, 4 are water
level gauges within basins and 10 are water level gauges on watercourses. A'database was prepared to
determine the type and range of data available for each gauge. Waterlevel data for gauges that had
available and relevant data was obtained, as described in Section 4.4 and presented in Figure 15-5 and
Table 4-2.

3.6 Historic Flood Levels and Observations

Historic flood levels are available through assessment of annual peaks at the water level gauges discussed
in Section 3.5, from previous reports and newspaper articles.

Historical flooding has occurred in 1898, 1914, 1956, 1961, 1967, 1969, 1974, 1975 (PWD, 1986). Since this
report there has been major flooding in 1986, 1988, 1990, 1991, 1998 and more recently in 2015 and 2016.

Marsden Street Weir gauge (213004) provides the longest continuous data set of water level data and the
annual maximum flood series is shown in the following/Table 3-12. The annual maxima flow series shown is
derived from the updated Marsden Street Weir gauge rating curve as discussed in Appendix B. Flows are
those that occurred at the time of the event with the prevailing catchment conditions, detention basins and in-
channel hydraulic structures that were present at,the time of the event.

The largest event in the period of recorded water level occurred in April 1988.

The Lower Parramatta River Flood Study Review (SKM, 2005) noted peaks for five ungauged historic events
which were of significance and for which there are documented records available, shown in Table 3-13.
These were reported as estimated flood levels upstream of Lennox Street Bridge. Stantec have estimated
the associated peak flood level upstream of Marsden Street Weir and then used a pre-1971 rating curve
(prior to construction of Bernie Banton Bridge) to estimate the flow for the given event.
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Model Review
Extents
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Study Area
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Figure 3-1 Overview of previous model extents reviewed for the Parramatta River Flood Study
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Table 3-12 Annual Maximum Flood Series at Marsden Street Weir (gauge 213004) %
Gauged Flood
Level Gauged Peak Flow Rank O

(m AHD) (m3/s) (for period of record)
1979 4.794 52.5 31
1980 5.138 108.6 23 \
1981 5.036 90.8 25 &
1982 4.811 56.4 30 \
1983 5.173 114.8 21
1984 5.193 118.5 20 &

1985 5.304 140.2 17
1986 6.693 505.4 4
1987 5.512 185.1 12\

1988 7.866 688.5 "’f'

1989 5.639 2155 \)
1990 6.809 526.9
1991 6.943 549.8 2
1992 5.67 2235 8
1993 5.26 131.3 18
1994 4.893 68.1 \ 29
1995 5.499 182.1 14
1996*" 5.55 193.8 11
1997 5.211 122 19
1998 6.083 7
1999 5.51 13
2000 5.071 24
2001 4704 34
2002 4.962 28
2003 5.011 86.6 27
200472 4715 418 33
20052 ; ; ]
200672 ; 2 ; ]
200772 ; ; ]
200872 ; ; ]
200972 4741 & 45.4 32
2010 5.381 156.1 16
2011 " 5. 88.3 26
2012 /5.601 206.1 10
2013 401 160.3 15

2014 5.171 114.5 22
201 6.151 362.7 5
201 6.101 348.1 6

*1peak orded January 1996, Loyalty Road Basin was commissioned mid 1996

*2Betw! 4 and 2009 gauge not in operation for all or most of the year.
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Table 3-13 Historical Flood Level Observations

Estimated Peak Flood
Level

Estimateu Peak Flow
@ Maisden Street
Weir (im3/s)

Estimated Gauge Height (m) @ Marsden Street

Weir (mAHD)

1889 7.9 (US Lennox Bridge, Newspaper) ~8.19 2 47
1914 7.3 (US Lennox Bridge, Newspaper) ~7.60 & ~ 655
1956 6.34 (US Lennox Bridge, PCC) ~6.75 ~516

1961 5.80 (US Lennox Bridge, PCC photos) ~6.43 ~ 445
1967 6.10 (US Lennox Bridge, PCC) ~6.60 ~ 487
Observations of flooding documented through photographs and videos wer o provided by CoP. Many of

these photographs and video documented flooding during the April 1988 and/dJune 2016 events (8 locations),
with 3 locations for the June 2016 event as shown in Figure 15-7.

These photographs and video were used for model validation as pre in Section 5.3 and Appendix C.
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4 Additional Data Collection

Additional data was collected where the existing hydrologic and hydraulic data was found to be unsuitable for
the preparation of hydrologic or hydraulic models for this Flood Study. Site inspections, bathymetric survey
and survey of hydraulic structures were undertaken to ensure reliable information was adopted.

New developments were identified and considered at the time of model development with building outlines
reflecting the status of development in the catchment and do include several in progress developments such
as Parramatta stadium.

4.1 Site Inspections

Several site inspections have been carried out during the study. These are described below with a selection
of photographs from site visits presented in Appendix A.

41.1 Inception Site Inspection

A site inspection at various locations across the Parramatta River catehment was conducted at the
commencement of the project. The site inspection was undertaken 6n 3 February 2016 to make
observations of hydraulic structures and watercourses. The followingdocations where inspected:

Parramatta River through the CBD;

Lennox Bridge;

Marsden Street Weir;

Barry Wilde Bridge;

Ollie Webb Reserve;

Jubilee Park;

Various locations along Clay CIiff Creekjand,
Various locations along Vineyard Creek.

Notable observations at these areas includedsaslowlevel pipe crossing near the confluence of Brickfield
Creek and Parramatta River, immediately downstream of Barry Wilde Bridge. This was not represented in
previous models and could create an obstruction to flows and influence flood behaviour.

4.1.2 CBD Bridges Inspections

A further site inspection was undertaken on 17 November 2016 to capture more detail of the bridges and
weirs in the vicinity of Parramatta CBDx, Inspections of the following bridges and weirs were undertaken:

Barry Wilde Bridge;

Charles Street Weir;
Elizabeth Street Footbridge;
Gasworks Bridge;

Lennox Bridge; and,
O’Connell Street Bridge.

4.1.3 Mainstream Structures and Fences Inspections

On 16 February 2017 Cardno engineers attended a site inspection within the mainstream model boundary to
observe features.that may impact hydraulic modelling. Fences and obstructions that were derived from aerial
imagery were checked to determine if the assumptions made are correct. The determination was made that it
would be verydifficult to determine if a fence acted as a blockage from aerial imagery.

The following locations were attended:
Camellia Precinct;
>, Harris Park;

Parramatta Park;
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Westmead,;
Northmead; and,
Toongabbie.
Key features observed at the above locations were:
Bridge structures;
Detention Basins;
Channel conditions to estimate roughness; and,
Fences.

Key features and locations are shown in Figure 4-1.

4.1.3.1 Camellia Precinct

The Camellia precinct was observed to understand how hydraulic behaviour may be influenced between lots
by fences. It was observed that many fences within the precinct are wire /. cyclone fences. These will likely
have minimal influence on flow other than the potential for partial blockage.

Locations that do contain fences that could influence hydraulic behaviour were recorded.

4.1.3.2 Harris Park

Within the Harris Park suburb fences were observed as mostly either brick fences or wire fence. In some
cases, these can appear to be identical when observed from'aerial imagery. Where possible, fence types
observed on site were adjusted in the model, however, notuall areas could be inspected and general
assumptions on fence types had to be made for some areas.

4.1.3.3 Wentworthville

Building fences along Hopkins Street in this area were inspected. It was noticed that almost all back fences as
well as the side fences between two properties are 1.8m wooden lapped paling fences. Front fences were
mostly wire fences which do not need to be modelled as an obstruction. A few low height brick front walls were
observed, and in these cases the modelled fénces were modified to suit the observations. Generally, the
observations were matching the fences set uprin the®*model based on the aerial image.

4134 Northmead

Building fences along Northmead Road (within the model boundary) were inspected. Many properties have no
front fence but high back and side fenges. The observations were matching the fences setup assumptions in
the model.

4.1.3.5 Constitution Hill

Building fences along Portadown ReadsKeady Way and Charlemont Way were inspected. Almost all back
and side fences were high which was matching the fences setup assumptions in the model.

4.1.3.6 Parramatta Park

The main channel through Parramatta Park was observed to record bridge structures. Two structures were
identified and made note of.

4137 Westmead

Access to Toongabbie €reek was possible at the Briens Road Bridge and at a location approximately 500 m
downstream. Observations of the creek informed the adopted channel roughness for the hydraulic model.

Three sample |locations were observed to validate the adopted roughness. These locations were:
Parramatta Marist High;
Adjacenttto Picasso Crescent; and
Adjacent to Westmead Private Hospital.

It wasinoted that the location had significant tree canopy cover but minimal undergrowth on the channel
banks andwwithin the channel. As such, the roughness values adopted for these locations were adjusted to
suit the observations on site, rather than aerial imagery which would assume a much higher value.
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A review of fence assumptions was also undertaken at Westmead. Similar to Harris Park, it was observed
that the assumptions made for fences from the aerial did not align with site observations in all‘cases. Fences
were updated based on site observations wherever possible, however, not every fence could,be inspected.

4.1.3.8 Bridges

The following bridges were observed to understand key features that may influence hydraulic modelling and
to validate the existing information held on bridges.

Briens Road

Hammers Road

Fitzwilliam Road (Pendle Creek)

Station Road (Girraween Creek)
Wisteria Gardens (Domain Creek)
Oakes Road

Thackeray Street Pipe/Pedestrian Bridge

4.1.3.9 Basins & Levees
The following detention basins were observed:
McCoy Park Basin; and,

Peter Parade Levee.

41.4 Finlaysons Creek and Basin Outlet Inspections

Further site inspections were undertaken particularly at'Finlaysons Creek on 19 September 2018, to confirm
channel roughness, particularly where the concrete se€¢tion ends, and hydraulic controls, including weirs.

The basin outlets at Loyalty Road Basin and Brickfield/Basin were also inspected. The sizes of outlet
culverts and openings were measured, along with the confirmation of gauge zero levels. This data was
included in the hydrologic and hydraulic models.

4.1.5 Ground-Truthing

Ground-truthing site inspection was carried out/with Council staff on 2 May 2019, shown in Figure 4-1, to
review the draft flood study model results to confirm hydraulic behaviour at a few locations across the
catchment. The areas inspected were:

Claycliff Creek - including flowypaths around Rosehill Woolworths and Results Laser Clinic at River
Road W Camellia;

Parramatta CBD - including Riverbank carpark (closed Feb 2021), Parking in Wentworth Street
and Justice Precinct Carpark«in Hunter Street. In addition, the status of construction of new
developments was inspected;

Westmead — including Westmead Private Hospital trunk drainage under hospital and Westmead
Children’s Hospital flow paths;

Peter Parade Levee;

Toongabbie/~to confirm wall arrangements;

Old Windsor Road Winston Hills — check pipe and flow path alignment;
Thomas Williams Reserve — check culvert sizing.

The inspectionsrallowed confirmation of the presence of flow paths under buildings, hydraulic controls that
are critical for theymodel and structures or areas where information needed to be confirmed. The extent and
locations of the, inspections is shown in Figure 4-1.

The modelisetup was updated as appropriate to reflect the information collected to ensure the model more
accurately,represented the on-ground features and hydraulic behaviour.
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4.2 Bathymetric Survey

The review of bathymetric data discussed in Section 3.3 indicated that the existing hydraulic data,is
generally suitable for hydraulic modelling within the study area. However, some channel reaches,were
identified as having poor quality data and these channels are not accurately represented. { The sub-standard
data had the potential to underestimate the flow conveyance capacity of these channel reachesssuch as
described in Section 3.3. Therefore, additional bathymetric survey was undertaken for portions of the
following watercourses:

e Parramatta River;

e Greystanes Creek;

¢ Milsons Creek;

e Pendle Hill Creek;

e The Ponds Creek;

e Subiaco Creek;

e Terrys Creek; and,

e Vineyard Creek.
This was undertaken as a combination of detailed bathymetric survey in'some reaches and cross-section
survey. The surveyed extents are shown in Figure 15-8.
4.3 Rainfall Data

Rainfall data was required for the historic events that occurred in April 1988, April 2015 and June 2016 in
order to calibrate and validate the hydrologic and hydraulic models. A total of 33 pluviometers had data
available for some or all of these events. Data for these, pluviometers were obtained from Bureau of
Meteorology, Manly Hydraulics Laboratory and Sydney,Water Corporation. Details of these pluviometers are
shown in Table 4-1.
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Table 4-1 Summary of Rainfall Gauge Pluviometers in the Parramatta River Catchment
Gauge Name Gauge ID Latitude Longitude Owner Years of Operation

AUBURN RSL BOWLING CLUB 566082 -33.8602 151.019 Swe 1990-
Baulkham Hills (Eucalyptus CT) (Balcombie Heights) 67109 -33.7678 150.9814 GSLLS 1992- -
BAULKHAM HILLS (SWIMMING POOL) 567050 -33.7458 150.991 GSLLS 1990-
BAULKHAM HILLS RESERVOIR 567145 -33.744 150.9871 SWC Unknownss, 1§,
BLACKTOWN (DOG POUND) 567053 -33.8025 150.901 CMA 1990-
BLACKTOWN BOWLING CLUB 567157 -33.7756 150.9131 SWC  Unknown__/'
CARLINGFORD BOWLING CLUB 566081 -33.7831 151.049 MHL 2001-
CHESTER HILL BOWLING CLUB 566169 -33.8773 150.9963 MHL &~ ) . 2003
CONDELL PARK RESERVOIR 566096 -33.9189 151.0108 MHL 2001-
CUMBERLAND STATE FOREST (IBM) 567149 -33.7476 151.036 o UPRCTY, " 1990-
GREYSTANES (CUMBERLAND GOLF CLUB) 567146 -33.8231 150.941 SWC (UPRCT) 1990-
GUILDFORD 67008 -33.8667 150.9833° . BoM 1959-1977
GUILDFORD (PIPEHEAD) 567079 -33.8468 150.9693 MHL 2001-
GUILDFORD (WOODVILLE GOLF CLUB) 566060 -33.8694 50995 o e 1999-
HOMEBUSH SP0041 FORMERLY KNOWN AS HOMEBUSH BC 566022 -33.857 151,0812 MHL 2001-
KINGS LANGLEY (NSW SOCCER FEDERATION) 567148 337421, W150.945 e 1990-
LAKE PARRAMATTA Unknown Unknown Unknown CoP Unknown
MERRYLANDS WEST (CANAL ROAD) 567064 338384, " 150.956 GSLLS 1990-
NORTH EPPING BOWLING CLUB (COMPOSITE) 566083 33.7537 151.0924 MHL 1990-
North Parramatta (Burnside Homes) 567112 &~ |\ | -38.7917 151.018 SWC (UPRCT) <1992-
NORTH PARRAMATTA (Masons Drive) 567112 -33.7917 151.018 BOM 1984-1992
North Rocks (Muirfield Golf Club) 2 Y -33.7672 151.0186 GSLLS 1992-
NORTHMEAD BOWLING CLUB 567104 -33.7822 150.9963 SWC <1992-
PARRAMATTA (MASONIC CLUB) 566086 -33.8167 151.0142 MHL 1990-
PARRAMATTA REPEATER 566000 -33.8208 151.0056 CMA <1997-
POTTS HILL RESERVOIR 566036 -33.89358904 151.032667 SWe 1895-
PROSPECT RESERVOIR A 567083 -33.8192 150.9127 SWC, BOM 1887-
RYDE PUMPING STATION 566037 -33.8085 151.0907 e 1948-

67110 -33.7861 150.924 GSLLS 1994-

566140 -33.8454 151.017 MHL 2001-

567151 -33.7856 150.95 SWC (UPRCT) 1990-

567111 -33.7997 150.9894 MHL, GS LLS 2001-

567171 -33.7612 150.959 MHL 2001-
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Site Inspection Key
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4.4 Water Level and Streamflow Data

A total of 15 water level and streamflow gauges were identified to be relevant to this Flood Study. Historic
water level data for these gauges was acquired from their respective owners, as well as rating curves where
available. Details of these gauges are shown below in Table 4-2.

Table 4-2

Blacktown Creek at Int.

Summary of Water Level and Streamflow Gauges in the Parramatta River Catchment

wner

567109 150.93 -33.77 BCC 2011-
Peace Park
DLl Gl ©i 567072 151 -33.78 CMA 2000-
Loyalty Road Basin
Darling Mills Creek atNth 567657 151 33.8 CMA 1990-
Parramatta Viaduct
Duck River at the Steps 213209 151.02 -33.84 SWC/CoP 2011-2012
Hunts Creek at Lake
Parramatta ) - - CoP Approx. 2008 -
L N 567004 150.96 -33.75 CMA 2004-2012
Sierra Place Basin
PEEENE [ROVET - 2134120 151 -33.81 CoP/MHL Approx. 2014 -
Riverside Theatre ’ pprox.
PEMENENE) RV EL 213282 151 -33.81 AWT/SWC 1992-2005
Cumberland Hospital
Parramatta River at NOW (To 2004)
Marsden Street Weir 213004 151 -33.81 CMA 1979-
(at Parramatta Hospital) (to present)
Parramatta River at
Silverwater Road Bridge 213435 151.05 -33.81 MHL 2012-
Toongabbie Creek at
S ol Nedinnezd 567074 150.98 -33.8 NOW 1979-present
Toongabbie Creek at 567058 150.98 -33.78 CMA 1992-
Johnstons Bridge
Toongabbie Creek at
McCoy Park Basin 150.95 -33.77 CoP approx. 2013 -
Toongabbie Creek at
Redbank Road 567056 150.99 -33.8 CMA 1990-

4.5 Survey of Hydraulc Structures

The existing data provided by City of Parramatta Council included the stormwater drainage network and
design or ‘as constructed’ drawings of some hydraulic structures. However, there was limited data available
and some of this data was found to be unsuitable or had missing information. Therefore, additional survey
was undertaken for structures where dimensions and levels could not be verified and were used in the
preparation of the hydrologie-and hydraulic models.

There are many bridges and culverts located within the Parramatta River catchment and many were
modelled in previous'MIKE11 models provided to Cardno by Council. Bridge data from the MIKE11 model
was extracted andypwhere suitable, converted for usage in the hydraulic model.

An additional 190 hydraulic structures were surveyed for this study to March 2018. The types of surveyed
structures are shown in Table 4-3. The location of the surveyed hydraulic structures is shown in Figure 15-9.
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Table 4-3 Additional Survey of Hydraulic Structures
Bridges 109
Culverts 64
Detention Basins 3
Weirs 14

TOTAL 190

45.2 Bridges

Where MIKE11 bridge information was not suitable for usage, a detailed on-siteisurvey was taken by
surveyors from Cardno and OPUS. The bridge survey data included all footbridges; above-ground pipe
crossings and road bridges that were relevant to the hydraulic behaviour,

45.3 Culverts

Detailed ground survey was conducted by OPUS and Cardno to obtain reliable data for some of the outdated
culverts in the model where data was missing or could not be verified.

454 Detention Basins

Additional survey was undertaken for three detention basins t6 confirm their storage volume and outlet
configuration:

o Brickfield Creek Basin (topography and outlet structures);
e Darling Street Basin (topography and outlet structures); and,
e Loyalty Road Flood Retarding Basin (embankment and outlet only).

The location of the surveyed structures is shown in Figure/15-9.

45.5 Weirs
Additional survey was undertaken for the following weirs:
e Charles Street Weir;
e Marsden Street Weir;
o Kiosk Weir;
e Flat Stones Weir;
o Weir at Blacktown Creek, lupstream of McCoy Park Basin;
o Weir at Toongabbie Creek,near Blackhousia Bushland Reserve;
e Redbank Road Weir;
o Weir at Toongabbie Creek, upstream of Briens Road Bridge;
o Weir at Toongabbie Creek, downstream of Briens Road Bridge;
o Weir at Toongabbie Creek, 500m downstream of Hammers Road Bridge;
e Two weirs at Domain Creek, in Wisteria Gardens; and,
o Weir at an unnamed tributary of Vineyard Creek, north-west of the Oatlands Golf Club.

The location of the surveyed structures is shown in Figure 15-9.

4.6 Community Consultation

Community and stakeholder engagement were conducted to obtain information about historical flooding
events thatthe community have experienced and to gauge the level of flood awareness within the
community. A newsletter containing information about the Parramatta River Flood Study and details of the
online survey were distributed to the community via mail or electronically.
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Stakeholder consultation was conducted through letters sent to multiple agencies, councils, and engineering
consultancies, seeking their input and requesting relevant information. This extensive outreachiincluded
engagement with eight state agencies, namely OEH, BoM, SES, Sydney Waters, TINSW, NSW Office of
Water, and NSW Public Works. Additionally, communication was initiated with 14 councilsfand eight
engineering consultancies. These stakeholders were specifically targeted due to their expertise and
involvement in areas related to the project. The purpose of this consultation was to gather valuable insights,
data, and perspectives from a diverse range of stakeholders to inform the decision-making process and
ensure comprehensive analysis and planning.

The community survey was made available via an online survey platform betweén 17:September 2018 and
18 January 2019, and data was collated and analysed by ORIMA Research. The,survey relied on
households and businesses voluntarily accessing the survey via the City of Parramatta Council's website.

At the end of the consultation period, a total of 264 responses to the communityssurvey were received.
Based on an approximate 23,000 flood affected properties in the LGA, this reflects an approximately 1%
response rate from the community. Of the response received, a total of 190 fleod experiences were
recorded. There were also 90 photographs that were submitted.

The community recalled April 2015 and June 2016 as the most severe flood events experienced in the City
of Parramatta. Responses of flood experiences were focussed around:

Parramatta CBD and Parramatta CBD Foreshore area;

Toongabbie - behind Chanel Street levee at Pendle/Creek and Toongabbie Creek confluence
downstream of McCoy Park Basin;

Vineyard Creek catchment - Oatlands and Dundas,near Kissing Point Road;

The Ponds Creek catchment - Dundas near Bennetts,Road

Other areas which also had flood observations incltde:
Constitution Hill — Coopers Creek catchment
Westmead — Finlaysons Creek
Rosehill — Clay Cliff Creek
Winston Hills — Northmead Gully catchment

The common issues raised by the community in their responses were:
e Flood impacts disrupting daily household routine and work;
e Concerns about over development of home units from developers;
e Concerns about a lack of stormwater management; and
e Concerns that debris is blocking waterways at creeks and stormwater drainages.

Furthermore, there were only 4% of respondents who have implemented Flood Plans for their properties and
businesses. It is recommended that further education, consultation and flood advice are required in order to
continue to raise flood/awareness to the community.

The report documenting the community consultation process, questionnaire and community responses are
provided in Appendix P.
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5 Hydrology

The XP-RAFTS hydrologic model for the Flood Study was developed based on the existing UPRCT Draft 8
model along with various tributary hydrologic models. These models were reviewed and any.identified issues
in the existing hydrologic models were rectified as well as being updated to reflect the current catchment
conditions. These hydrologic models were then consolidated into one large model representing the
Parramatta River catchment. Further refinements to the catchment delineation were undertaken to ensure
that the hydrologic model had an appropriate level of detail, and therefore be suitable for producing inputs for
the hydraulic model.

5.1 Existing Models

5.1.1 Existing Hydrologic Models Adopted

A selection of seven hydrologic models was used to develop the consolidated XP-RAFTS hydrologic model
of the Parramatta River catchment. Where there was an overlap of the models; data from the latest or most
accurate models was used, this sub-catchment delineation can be seensin Figure 15-2. The selected
hydrologic models are as follows:

e Duck River & Duck Creek Model;

e Lower Parramatta River Model;

o Terrys Creek Model;

o Upper Devlins Creek Model;

e Upper Parramatta River Catchment Trust (UPRCT) Draft 8 Model;
e Subiaco Creek Model; and,

e Vineyard Creek Model.

Further information on the hydrologic models is detailed in Table 3-6.

5.1.2 Geo-Referencing Models

Some of the XP-RAFTS hydrologic models provided by City of Parramatta Council were not geo-referenced.
Accordingly, all were geo-referenced using the'MGA Zone 56 projection to ensure that the separate models
could be consolidated accurately.

The A’Becketts Creek XP-RAFTS hydrologiesmodel could not be adopted as it could not be geo-referenced.
A GIS layer associated with the model was not provided, and therefore, it was not possible to verify the sub-
catchments areas or locations. Data from the UPRCT Draft 8 Upper Parramatta River Model was used to
represent A’'Becketts Creek catchments instead.

5.2 Model Consolidation

521 Model Consolidation

The UPRCT Draft 8 Upper Parramatta River model was selected by Council to be used as a basis for the
consolidated model. However, some parts of Greystanes Creek, downstream of the CSIRO Basin, were
amended in the Draft 9\model using more detailed data and Lidar information. As such, this portion of the
Draft 8 Upper Parramatta River model was updated using data from the Draft 9 model.

Unique identifiers were assigned to model nodes and its key parameters to ensure that the model
consolidation would*not overwrite data. The separate models were then consolidated into a single model of
the ParramattaRiver catchment. Figure 15-10 shows the sub-catchment boundaries and XP-RAFTS node
names of the consolidated model.
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522 Revised Catchment Delineation

The catchment delineation was extensively revised in the consolidated hydrologic model to ensure,that its
outputs would be suitable for use in the TUFLOW hydraulic model.

In some areas, sub-catchments from two separate models overlapped when combined. These sub-
catchment boundaries were modified to ensure that these areas would not be duplicated in,the consolidated
model. Sub-catchment boundaries in the vicinity of hydraulic structures were also realigned, ensuring the
accuracy of flows through hydraulic structures in the hydraulic model.

ALS data with a 1-metre grid resolution was used with the CatchmentSIM software towefine the catchment
delineation for the consolidated hydrologic model. The catchments were discretised.to a finer resolution (i.e.,
more and smaller sub-catchments) and then checked against the base surveydata to confirm size, shape
and location of catchments was appropriate.

The consolidated XP-RAFTS model with the refined delineation of the Parramatta River catchment consists
of a total number of 1,426 nodes. This includes nodes representing sub-eatchments as well as dummy
nodes to combine the flow hydrographs where multiple nodes discharge,into‘a,single location.

5.2.3 Vectored Slopes

The CatchmentSIM software uses ALS data to map flow paths every 100 metres around the sub-catchment
boundary to the sub-catchment outlet and calculates the average‘vectored slope. These vectored slopes
were then used as input for the consolidated model.

5.2.4 Link Lagging

Hydrograph lagging between sub-catchment nodes in the gonsolidated XP-RAFTS model was determined
using results from a direct-rainfall TUFLOW model of the entire,Parramatta River catchment. The direct-
rainfall model was developed using the 1% AEP design rainfall derived using ARR87 methods.

The 2-metre resolution ALS terrain data and Council Jand use maps were used to determine the surface
roughness and rainfall losses in the model. The madel/uses a 2-metre grid cell resolution to accurately
represent channels within the Parramatta River catchment.

The average flow velocity along mainstreams within each sub-catchment were extracted from the direct-
rainfall TUFLOW modelling results. These average velocities were then used to calculate the lag times for
each link in the consolidated XP-RAFTS model.

5.2.5 Surface Roughness & Impervious Akreas

Remote sensing techniques were used to'delineate land use within the Parramatta River catchment. Each
land use was assigned with a Manning’s ‘n*and impervious area, as shown in Table 5-1. The remote
sensing data produces a raster grid as shown in Figure 15-12, which was used to determine the pervious
and impervious areas within each sub-catchment.

For pervious sub-areas within each sub-catchment, all land use data was used to calculate the weighted
average Manning’s ‘n’ in each sub-catchment. A Manning’s ‘n’ of 0.015 was adopted for all impervious sub-
areas, since the surface roughness of impervious areas (e.g., concrete, asphalt) is unlikely to vary greatly.

Table 5-1 Land Uses and Adopted Manning’s ‘n’
4
1 Buildings 0.025
2 S Water 0.030
3 4 Trees 0.100
4_ E Grass 0.035
_5 Road/Concrete 0.015

5.2.6 Rainfall.Losses

The ARBM loss model was adopted as a base for the consolidated XP-RAFTS model. The parameters used
in the UPRCT Draft 8 Model were calibrated to the June 2016 event and is detailed in Section 5.3.
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As mentioned in Section 3.2.3, ARR2019 Guidelines have suggested initial/continuing losses and doees not
specifically support the ARBM loss model. However, due to the history of the hydrology modeliand the
timing of release of ARR2019 guidance, it was decided to continue with using the ARBM loss,model.

5.2.7 Detention Basins and Levees

A total of 60 structures (basins, levees, and flood mitigation structures) are represented asyretarding basin
nodes in the current consolidated XP-RAFTS model.

There are some 50 basins in the overall catchment of which 10 were significant in terms of'detailed
modelling and model data validation. Three levees were significant in terms of detailed,modelling and model
data validation. A list of these basins and their owners is shown previously in Table.3-11, and the location of
these basins and levees is shown in Figure 15-3.

While these significant basins were included in previous models, Cardno also used other sources of
information to verify the existing basin characteristics in the model. All available data on the priority basins,
including drawings, survey, previous reports, and fact sheets were collected from related agencies and
departments. This allowed the basin parameters to be checked and refined including stage-storage (level-
volume) data; outlet structure dimensions and discharge rating curves; and initial water levels where
appropriate.

Where the collected information was not sufficient, site visits and survey were undertaken to gather the
required information. Detailed surveys were undertaken during November and December 2017, and were
used to define stage-storage relationships, basin outlet details and basin spillway details in the XP-RAFTS
model.

5.3 Calibration & Validation

The XP-RAFTS hydrologic model was calibrated and validated using three historic flood events that occurred
in April 1988, April 2015 and June 2016, to ensure the feliability of the model layout and its adopted
hydrologic parameters.

The model parameters were calibrated to the June 2016 event and validated against the April 2015 and April
1988 events.

5.3.1 Historic Storm Events

The historic storms selected for calibration were determined by firstly collecting rainfall data from the
Marsden Weir Gauge. This data was gathered/to identify significant historical storm events that occurred in
the Parramatta River catchment. The largest storm recorded at this gauge occurred in April 1988, and was
in the order of a 1% to 2% AEP event. Fhe storm events that occurred during April 2015 and June 2016
were in the order of a 10% AEP event{ Otherssignificant rainfall events were recorded in 1986, 1990 and
1991 and prior to installation of the gauge.

Two events were selected to represent smaller and recent events with present day catchment conditions,
and one larger event was selected to ensure the hydrologic model is reliable for a range of storm
magnitudes. The selected storms andrecorded total rainfall are as follows:

e April 1988 — 341 mm in"48 hours;
e April 2015 — 230 mm in 48 hours; and,
e June 2016 — 264 mm in 48 hours.

The hyetograph for the"April 1988 event was extracted from UPRCT data at the Marsden Street Weir gauge
(Station 7299, as of April 1988) and is presented in Figure 15-13. The hyetographs for the April 2015 and
June 2016 events wereyextracted from Sydney Water at the Northmead Bowling Club (Station 567104) and
are presented in Figure 15-14 and Figure 15-15.

5.3.2 Rainfall Gauges & Model Setup

Data for the rainfalllgauges that are located within the Parramatta River catchment were collected and
reviewed. /or each event, all gauge data was reviewed to ensure its suitability and reliability. Some gauges
were found'te‘have missing data for some or all of the duration of the historic events, and some gauges did
not haverdata available from data authorities (e.g. Sydney Water). The final set of appropriate gauges were
selected and'applied for each hydrologic calibration model, as shown in Table 5-3. The location of these
gauges isyshown in Figure 15-4.
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Thiessen polygons were generated using the gauge locations for each historic event. Rainfall data*fer each
gauge was allocated to catchments nearest to that gauge as determined using Thiessen Polygons which
draw polygons with sides equidistant from adjacent gauges. The areas of the model within each ofithe
Thiessen Polygons are therefore closest to the gauge in the centre of the polygon and assumed'to have
experienced rainfall similar to that gauge. Hydrology model nodes within each of the Thiessen polygons were
assigned with the rainfall data that was associated with its respective rainfall gauge.

The present day catchment model setup was used as the basis of the calibration and/validation events. The
hydrology model setup was then adjusted to remove features such as basins whichawere'known to have
been constructed after each event to represent the catchment conditions at the timewof each event as
accurately as possible. All other hydrology parameters were not modified including,catchment
imperviousness. The XP-RAFTS hydrology model setup with regards to catchment conditions and basins
active for each of the calibration events is provided in Appendix B.

For the June 2016 and April 2015 events, the current XP-RAFTS model setup.is largely representative of
these events as these are recent events.

It is to be noted that the following basins were constructed after 1988:
e Loyalty Road Basin was completed in 1996;
e Fox Hills Basin was completed in 1990; and
e Sierra Place Basin was completed in 1990 (and its enlargement4n 2001).

As such, the relevant retarding basin nodes in the hydrologic moedel were switched off in the April 1988
validation model. McCoy Park detention basin was completed in 1984 and was maintained in the model for
the April 1988 event. Impervious areas were not adjusted to reflectithe catchment conditions in 1988.

5.3.3 Calibration of ARBM Rainfall Losses

5.3.3.1 UPRCT Draft 8 ARBM Loss Values

Since the consolidated hydrologic model was based.on'the UPRCT Draft 8 XP-RAFTS model, its associated
ARBM loss values were used as a starting point for,calibration (with the exception of baseflow, which was
not switched on for both first or second sub-catchments). These UPRCT Draft 8 ARBM loss values are
shown in Table 5-4.

The three historic events were simulated using these loss values, and the models produced results that were
inconsistent with gauged streamflow and water/evel data.

Cardno also undertook sensitivity testing of various hydrology model parameters and ARBM parameters to
determine the impacts of varying the parameters on peak flows at Marsden Street Weir. This was to
determine if the influence of each parameter in matching the peak flow at Marsden Street Weir and the
timing and response of the hydrograph,including initial losses. This included varying the catchment lag
parameter (B), the impervious and/pervious area PERN, and the various ARBM loss values.

An analysis of these modelling results . showed that inaccurate data was being used at some detention basins
which was refined accordingly/As a result, the model was refined and updated and a better match to the
calibration events was achieved:

5.3.3.2 UPRCT Draft 9h ARBM Loss Values

Following the testing of the UPRCT Draft 8 ARBM loss values, an unpublished report of the calibration of the
UPRCT XP-RAFTS hydrologic model (UPRCT, 2004) was reviewed to determine a suitable set of ARBM
rainfall loss values tofadopt.. From this report, the Draft 9h ARBM loss parameters were selected for
modelling, as they had been previously calibrated and adopted (refer Updated Table 12, UPRCT, 2004).

The hydrologic modelling results using the UPRCT Draft 9h loss values were compared against streamflow
and water level.gauge data for the three historic events, as well as being used as input in the TUFLOW
hydraulic modelforesting.

5.3.3.3 ARBM Loss Sensitivity Analysis

Using the Draft 9h ARBM loss values as a basis, a sensitivity test was then undertaken to determine the
impact of varying values of individual ARBM loss parameters. The values for the following ARBM loss
parameters were varied, and the results that it produced are described below:
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o Initial upper and lower soil storage — affects the shape of the early portion of the hydrogra ut
does not affect the peak flow for the three historic events;

o Dry sorptivity — had insignificant impact on hydrograph shape or peak flows;
¢ Hydraulic conductivity — had insignificant impact on hydrograph shape or peak flo
e Constant groundwater recession — insignificant to minimal impact on peak flows;

o Baseflow — contributed to significantly larger flow volumes and higher peak flo

oN

5.4 XP-RAFTS and WBNM Flow Comparison %

XP-RAFTS and WBNM are both widely used rainfall runoff models that hav Nhown to reproduce
observed flood events on numerous Australian catchments. There are differe between how some of the

processes are represented between the models, but both are just differe plifications of real processes
and produce similar results with standard parameters.

During the peer review stage, the independent reviewer constructed software allows for the

temporal pattern from different pluviographs to be adaptive assigned to different subcatchments. XP- RAFTS
ARR2019 Medium TP flows at Marsden Weir have been validated/with a separate WBNM hydrologic model

and results in Table 5-2, show a close correlation.

Table 5-2 Comparison of FFA, WBNM and XP-RAFTS results

. XP-RAFT'S Flow
Adopted FFA Fit ~ WBNM Flow GED)

- Flow (m3/s) (m3/s)

AEP (%)
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Table 5-3 Rainfall Gauges Used in Hydrologic Calibration Models for historic flood events

Rainfall Gauge

April 1988 Model

April 2015 Model

June 2016 Model

Comment

AUBURN RSL BOWLING CLUB 566082 - v - Missing data for a portion of the June 2016 event
e o ™7 o0 ‘ ‘
BAULKHAM HILLS (SWIMMING POOL) 567050 N4 - - Data not available for April 2015 or June 2016 event:
BAULKHAM HILLS RESERVOIR 567145 - v v Data not available for April 1988 event
BLACKTOWN (DOG POUND) 567053 N4 - - Data not available for April 2015 or Ju
BLACKTOWN BOWLING CLUB 567157 - v v Data not available for April "
CARLINGFORD BOWLING CLUB 566081 - N4 v Data not available for Apri v
CHESTER HILL BOWLING CLUB 566169 - - - Al gauge data not available |\
CONDELL PARK RESERVOIR 566096 - - - All gauge da
CUMBERLAND STATE FOREST (IBM) 567149 v N4 v
GREYSTANES (CUMBERLAND GOLF CLUB) 567146 v N4 v
GUILDFORD (PIPEHEAD) 567079 - v - G not operational during April 1988 or June 2016 event
:8“5382: 320041 FURIERLT IO s 566022 - N4 v Data not available for April 1988 event
gIIE’\IlDGE??kAI"I\IO?\IL)EY (NSW SOCCER 567148 7 v v
MERRYLANDS WEST (CANAL ROAD) 567064 N4 - - Data not available for April 2015 or June 2016
Z“C%RMTF*,'OESFI’%'E'?G BOWLING CLUB 566083 - v v Data not available for April 1988 event
North Parramatta (Burnside Homes) 567112 7 7
NORTH PARRAMATTA (Masons Drive)
North Rocks (Muirfield Golf Club) 567111 v v v
NORTHMEAD BOWLING CLUB 567104 N4 N4
PARRAMATTA (MASONIC CLUB) 566086 - - Gauge not operational during all three historic events
PARRAMATTA REPEATER 566000 - - Data not available for April 2015 or June 2016
POTTS HILL RESERVOIR 566036 - v v Data not available for April 1988 event
PROSPECT RESERVOIR 56@3 - v N4 Data not available for April 1988 event
RYDE PUMPING STATION 566037 - v v Data not available for April 1988 event
SEVEN HILLS (RADIO FM 103.2 67110 N4 v v

566140 - - - All gauge data not available

567151 v v v

DBANK ROAD 567111 v Data not available for April 2015 or June 2016
567171 - v v Data not available for April 1988 event
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54.1.2 Calibrated ARBM Loss Values

Following a review of the initial hydrologic and hydraulic calibration modelling results, minor adj
the UPRCT Draft 8 and Draft 9h parameters were made to improve hydrograph response

ents to

pea
levels in the XP-RAFTS model. The ARBM loss parameters and other catchment parame @ opted in the
UPRCT Draft 8 and Draft 9h Model and for this Flood Study are compared in Table 5— ble 5-5.

Table 5-4 Adopted ARBM Loss Model Parameters for the 2018 Parramatta River Flood Study %

B Typical UPRCT Model UPRCT Model Parramatta River
Parameters (Draft 8) (Draft 9h) FS Model (2019)

Impervious Storage Capacity (mm) 0.5 1.2 ‘ 2 1.5
Interception Storage Capacity (mm) 1.0 1.0 V‘q 1.0
Depression Storage Capacity (mm) 1-5 1.0 .0 1.0
Upper Soil Storage Capacity (mm) 12.5 12.5 15 12.5
Lower Soil Storage Capacity (mm) 12.5-200 60 x 75 75
Initial Groundwater Storage (mm) - 0.055 0.1 0.1
Dry Sorptivity 45-10 15.85 15.85 15.85
Hydraulic Conductivity (mm/min) 0.42-1.18 1 w 1.223 1.223
Lower Soil Drainage Factor 0.05 0. 0.05 0.05
Groundwater Recession Constant Rate 0.94 0.94 0.94 0.94
Groundwater Recession Variable Rate 1.0 1. 1.0 1.0
Proportion Rainfall intercepted by Vegetation 0.7 0.7 0.7
Max Evapotranspiration Upper Soil (mm) 10 \10 10 10
Max Evapotranspiration Lower Soil (mm) 10 l 10 10 10
Proportion Evapotranspiration Upper Soil 0.7 0.7 0.7 0.7
Ratio potential Evaporation to A class pan - 0.7 0.7 0.9
First Sub-catchment Baseflow Multiplier - 1 0.65 0.65
Second Sub-catchment Baseflow Multiplier Switched off S:gﬁge;e?;; S:(/aiﬁgezde?g;

Adopted Catchment Parameters for t 4! 8 Parramatta River Flood Study

UPRCT Model
(Draft 8 & 9h)

Table 5-5

Parramatta River
FS Model (2018)

Default

Parameter
Parameter

B Factor ~/ 10 1.0 1.0
Manning’'s n Impervious 0.025 0.015-0.025 0.015-0.025
Manning’s n Pervious 0.045 0.025 - 0.070 0.025-041

V'S

5.4.2 Calibration & Validation Modelling Results

The hydrologic modelling results are shown in Appendix C plotted against the gauged water level data in
basins and streamflow gauges,for the following events:

e June 2016 eve
e April 2015 eventrand,
e April 1988eve

In all three historic
hydrograph an
of model calibra
5-7 and Ta -8

ts, there is generally a consistent hydrograph shape when comparing the modelled
data. This indicates a good catchment response in the hydrologic model. Outcome
are presented in Appendix C with summary details provided below in Table 5-6, Table
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Table 5-6

Callibration results — June 2016 Storm

eak water level.

Toongabbie Creek (JOHNSTONS BRIDGE) 23.59 23.52 -0.06 209.94 195.31 -6.97%
Toongabbie Creek (BRIENS ROAD) 13.00 13.26 0.26 220.48 195.74 -11.2%
Toongabbie Creek (REDBANK ROAD) 10.58 10.51 -0.07 262.47 239.05 -8.92%
MARSDEN ST WEIR 6.10 6.18 0.08 349.06 367.17 5.2%
RIVERSIDE THEATRE 4.80 5.01 0.22 380.72 367.15 -3.56%
Table 5-7 Calibration results — April 2015 Storm

Table 5-8 Calibration results — April 1988 Storm

Toongabbie Creek (JOHNSTONS BRIDGE) 20.52 23.51 3.00 29.29 Gauge data not reliable
Toongabbie Creek (BRIENS ROAD) 9.73 13.63 3.90 Gauge data for water level not be reliable ‘
Toongabbie Creek (REDBANK ROAD) 11.03 11.17 0.14 Gauge data may not be reliable
MARSDEN ST WEIR 6.15 6.18 0.03 .50 3.9% Gauge data was adjusted ‘
RIVERSIDE THEATRE 4.94 4.97 363.80 -9.93%

2arramatta River at Thackeray Street

Parramatta River at Silverwater Road

2.00

2.69

0.69

Claycliff Creek at 130 Alfred Street, across Road cnr Oak and Alfred

4.80

4.81

0.01
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5.4.2.2 Rating curve review

Initial calibration showed a reasonable correlation with gauge data for 2015 and 2016 events, however, was
underestimating the peak flows for the 1988 event. Following an initial validation for design‘events with a
Flood Frequency Analysis (FFA) using gauged flow data, it was decided that a review of the Marsden Street
Weir Rating Curve was required to confirm whether the gauged flow estimates derived fromthe’'PINEENA
Rating curve were accurate. The rating curve review process is described in Appendix B.

The objective of the review was to obtain a defensible flow relationship by using thethydraulic model results
rather than the extrapolation beyond the gauging zone applied to the available PINEENA rating curve. The
need for the review became apparent due to challenges in determining an appropriate flow adjustment
relationship in converting historical flows to present day catchment conditions. This conversion is necessary
to develop a homogenous annual maxima time series for use in the FFA.

The review included a comparison with the PINEENA rating curve, PINEENAfieldigauging’s and the Council
adopted Draft 8 MIKE11 model results. It was noted that rating curve within the RINEENA field gauging was
a good fit, however, the extrapolation appears to overestimate flows for a‘given flood level. This is due to the
complex interaction of Lennox Bridge and Marsden Street Weir where water becomes stored behind Lennox
Bridge and this backs up to Marsden Street Weir. This has the effect of.reducing flows for a given flood level
than would otherwise be experienced if the flow was unimpeded by Lennox Bridge. A similar impact is
observed due to Bernie Banton bridge at higher flood levels. As such, it was deemed appropriate to revise
the rating curve using the hydraulic model for larger flows.

The TUFLOW model was reviewed and refined in the vicinity of Marsden Street Weir and Lennox Bridge to
ensure flow is modelled accurately.

The revised rating curve was derived from the TUFLOW modellingsresults and compared with the existing
PINEENA rating curve, PINEENA field gaugings, and the UPRCT Draft 9 MIKE11 Probable Maximum Flood
(PMF) modelling results. The rating curve was also validated against weir equations derived using Bentley
FlowMaster software to ensure its reliability. The MIKE 11ysetup was also reviewed to identify and explain
differences in the hydraulic model results.

The revised rating curve was used to adjust historicalflows and select historical calibration events compared
with both hydrology and hydraulic modelling to further, validate the revised rating curve. An updated
homogenous annual maxima series was also developed using the TUFLOW revised rating curve. The
updated annual maxima series was then used_ as input for an updated FFA at Marsden Street Weir.

Results of the calibration outcomes described below at Marsden Street Weir use the revised Marsden Street
Weir rating curve information.

5.4.2.3 June 2016 Event

In the June 2016 hydrologic calibration'model, there is a reasonably good match to most gauges along
Toongabbie Creek and Parramatta River. The following observations are made:

There is a good correlation between the modelled and gauged flows seen at Marsden Street Weir
and Riverside Theatre'to within a few percent.

There is also a good‘match with the gauged peak water levels in Lake Parramatta, Loyalty Road
Basin and McCoy Park.

This demonstrates that the volumes flowing into and out of these basins is being replicated well in
the model. It is noted that the McCoy Park gauge is in the upper part of the basin and hence
shows different water levels to the XP-RAFTS model as the water is storing in the lower part of the
basin towards the spillway outlet. It is not until larger events that a level water surface is seen in the
basin which will begin to occur above an approximate RL of 26.3 mAHD.

There is aitendency that the modelled flows are underestimated by up to 11.2% in the upper
reachgs at Toongabbie Creek (Redbank Road), Toongabbie Creek (Briens Road) and Toongabbie
Creek'(Johnstons Bridge) gauges, when compared to gauged data. However, it is not known how
reliable the rating curves are for these gauges.

The Teongabbie Creek (Redbank Road) gauge is likely unreliable when compared with other
gauges, the flows are at times higher than downstream gauges and the water levels appear to
show some drift possibly due to instrument error.

=5, The model overestimates flows on Darling Mills Creek by some 30%, however, it is unknown
whether the rating curve is reliable. Water levels in Loyalty Road Basin show a good correlation
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which is upstream of Darling Mills Creek gauge and hence it is believed that the modelled“outflows
from the basin should be reliable.

5.4.2.4  April 2015 Event
For the April 2015 event, the following observations are made:

There is a good correlation between the modelled and gauged flows seen at'Marsden Street Weir
and Riverside Theatre to within a few percent.

In the calibration model, flows at most gauges tend to be slightly lower than that of gauged flows,
which could be explained by the above unreliability of gauges.

However, the Darling Mills Creek and Loyalty Road Basin gauges show.that the peak flows or
water levels are slightly overestimated in the hydrologic model. Thistindicates potentially additional
rainfall being assigned to these catchments that did not occur (duéio rainfall gauge limitations).

The Toongabbie Creek (Redbank Road) and Toongabbie Creek,(Johnstons Bridge) gauges were
deemed to be unreliable for the April 2015 event due to poor data for.either flow or level being
provided, indicating error with these gauges during the event.

5.4.25  April 1988 Event

In the April 1988 event hydrologic calibration model, only two gauges'are‘available for calibration — Marsden
Street Weir and Toongabbie Creek (Briens Road). The following observations are made:

There is a relatively good fit between the modelled and gauged flows at Marsden Street Weir in
terms of timing and volume along with peak flow and level estimates.

The lower modelled flows could be related to the different catchment conditions than represented in
the model such as new roads (M2 and M4) which weren’t present in 1988 that create an informal
detention of flows and are included in the hydrelegy model. There are also less rainfall gauge data
available for use in the model and hence, some rainfall may not have been included in the model or
certain catchments assigned to an unreprésentative rainfall gauge.

The calibration model shows significantly higher flows than the gauge at Toongabbie Creek (Briens
Road). The Briens Road rating curve js not considered reliable for large flow rates beyond an
approximate 10% AEP event. When flows were large enough, water spills into a flood-runner at
Toongabbie Creek (Briens Road) and bypasses the streamflow gauge, making the low level
gaugings and extrapolation unreliable/for higher flows. Hence, peak flows are underestimated by
the Briens Road rating curve for higherflows.

5.4.3 Comparison with Flood Frequency, Analysis

A Flood Frequency Analysis (FFA) was undertaken for the gauge at Marsden Street Weir (213004) and is
detailed in a report enclosed in Appendix B. The catchment has undergone a number of changes over the
period of the gauge record and it was necessary to adjust the gauged flow data to present day conditions to
have a homogenous Annual MaximumsSeries of flow data to perform the FFA. This was done through
correlation of hydrology modelfresults for different catchment conditions over time that represented periods
after major changes to the catchment, primarily the construction of detention basins within the catchment.

Analysis of gauge data shows that the April 1988 event was the largest event in the gauged data set.
Correlation of observed historic flood levels upstream of Lennox Bridge to Marsden Street Weir (Table 3-13)
indicates that only the 1889 event appears to have exceeded the 1988 event (largest event in the gauged
period for 1979 — present).

The FFA estimates that the peak flow for the 1% AEP at Marsden Street Weir should be approximately 719
m3/s under current conditions using the standard Log-Pearson llI fit to the entire data set. However, it is
noted that there is a'distinct jump in the AMS record with no records between 220 and 340m?/s, with the data
showing a relatively,smooth relationship above and below this transition. This distinct jump makes fitting the
FFA difficult as these points are near or outside the 90% confidence limits. An alternative FFA was carried
out with a threshold,where a distribution was only fitted to the data above this transition. This provided a
better fit the data-with an alternate 1% AEP flow value of 656m3/s.

Utilising standard ARR2019 methods, flow estimates were derived for 20%, 10%, 5%, 2% and 1% AEP
events/with a)90t™ percentile pre-burst rainfall applied.

The results were compared with the FFA to determine their suitability as estimates of design events. The
results are documented in Appendix E.
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Estimated flows from the FFA are provided in Table 5-9.

Table 5-9 Design Flood Estimates from Flood Frequency Analysis at Marsden Street Weir
FIOVI\:'._ Adaopted Flow — Alternate A_RREOlQ
it (m?/s) Fit (m?s) D(Ia:sllgn E3\{9\1t
ow (m?/s)
100 1% 719 651 610\
50 2% 598 580 5
20 5% 453 469
9.49 10% 354 373
1.44 20% 263 265

Note: *1- Based on ARR19 IFD and Median R6 TP selection

The previous UPRCT FFA verification is shown in Table 5-10 below rison. The current FFA

estimates are lower than the previous UPRCT assessment which issexplained by the different FFA methods
and different annual maximum flow estimates from updating the rating/curye and adjusting flows for current
catchment conditions.

Table 5-10 Flood Frequency Analysis from previous UPRCT assessment@nd models (source: UPRCT, 2004)

Marsden Weir (Mike-11 Ch 2201.0)
Flood . . Mike-11 .
ARI AEP | Frequency gr'::;; Mike-11  pratt ge "'[",'r'f:f':;
Analysis {(no LRE)
m/s m's m/s m’/s
S00y 0.2% 825 911 - 1008
200y 0.5% 804 803 - 907
100y 1% 778 73 852 820
50y 2% 728 ;8 642 - 749
20y 5% 606 @ 540 - 659
10y 10% 469 - : : :
oy 20% 293 364 369 - 563
2y 50% 130 225 - 415
80% 64.9 - - -
90% 471 - - - -
95% 36. - - - -
99% - - - -

Table 9: Summary of Adopted Design Discharges comparing Draft 9g
with the statistical analysis, Draft 9eand Draft 8.

A summary plot of al bove outcomes is presented in Figure 5-1.

QY{(
Q
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Figure 5-1 — Current FFA and Design Outcomes and Preyvious UPRCT Mike Outcomes (Marsden Weir)

Review of the above generally indicates a changedtsloperin the outcomes for the current hydrologically
assessed design outcomes when using standard ARR19 process (ARR IFD and Median TP) when
compared to the most recent “Adopted Fit” FFA and all previous UPRCT outcomes. This generally indicates
potential issues with the current adopted ARR19\IFD for the region and suggests future updates using all
available data to better define the local IFD‘utgomes.

The design “upper mean” peak flow at Marsden Street Weir estimated using standard ARR2019 methods is
610 m3/s (using 90t percentile pre-burst depths) which is lower than the estimated 1% AEP peak flow from
the current “Adopted Fit” flood frequency analysis (724m?3/s).

Although the ARR2019 Design flood-eventsvare generally lower than the FFA estimate for events greater
than the 5% AEP, the model is well calibrated to the June 2016 historical event and as such this suggests
further potential issues in adopting'the current ARR19 IFD process.

On this basis CoP has indicated apreference to create a 1% AEP event that is matched to the “Adopted Fit”
FFA for use in Flood Planning Layer definition and we expect that this would generally involve the following:

¢ Increases to the existing ARR19 IFD’s for the region to increase 1%AEP design flows to match FFA
outcomes;

o Potential to select an alternative (not median) temporal pattern that matched historical flood
behaviour inthe hydrology.

Note that this adjustment has been identified and processed only for the 1% AEP event and the
corresponding Climate Change scenario required for Flood Planning (RCP8.5, Year 2150) with a method
applied for assigning this increase to the tributary models for additional storm durations. The remaining
outcomes have continued to use the standard ARR19 process.

54.4 Comparison of ARR19 and ARR87 IFD data

Based on thefidentification of potential issues with the current ARR19 IFD an assessment has been
undertaken'to review the outcomes of the current ARR19 IFD compared with the older ARR87.

The IFD,data for the current modelling has been determined based on 5 zones as outlined in Figure 15-11.
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Assessment has been undertaken to identify the range of potential variation in IFD data that may be
acceptable for FFA matching of the 1% AEP event as historically the ARR87 IFD has been usedfor design
flow estimates. Outcomes of comparison of ARR19 and ARR87 is presented below in Figure.5-2.

20%
15%
10%

5% / & e

7/

0%

5Mins 10Mins 20Mins 6Hrs 72Hrs

-5%

Percentage Difference to ARR87

-10%
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-20%

e eAverage

-25%
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Figure 5-2 ARR87 to ARR19 IFD comparison

Review of the above generally indicates that forithe IFD data generated for the current modelling there is a
significant variation that appears to be storm duration dependent and geographically dependent. Review of
the IFD zones in Figure 15-11 indicates the majeority of the catchment to the Marsden Weir is contained
within Zone 2, 3 and 4 of the model and as such there appears to be a significant reduction in rainfall for
storm event between 1hr and 12hr. For these storm events the rainfall can vary between 8% to 22% in the
different zones. This potential variationiinthe IFD has been used to assess and review the potential IFD
changes adopted for the FFA matched,1%"AEP design event.
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6 Hydrology - Design Flood Estimation

6.1 Hydrology — ARR2019 Update

The hydrology modelling of the Parramatta River catchment for determining design floodwevent flows has
been undertaken in accordance with the new Australian Rainfall and Runoff 2019 (ARR2019%Guidelines.
The new ARR2019 Guidelines includes updated Intensity-Frequency-Duration (IFD)/data, areal reduction
factors (ARFs), and has introduced ensemble modelling methods to account for the,variability in rainfall
temporal patterns.

The methods employed are described in detail in Appendix E.

6.1.1 Intensity-Frequency-Duration Data

It was determined that due to the size of the catchment and from assessment/of gridded rainfall depth data
obtained from BoM that there is sufficient variability in rainfall depth/intensity across the catchment that
multiple IFD zones would be required to appropriately represent the expected rainfall in the catchment. Five
(5) IFD zones were chosen as representative of the areas surroundingrthe centroid of each zone. These are
shown in Figure 15-11.

6.1.2 Temporal Pattern Data

Ensemble modelling methods were employed in accordance with the ARR2019 Guidelines. Ensemble
modelling involves modelling a set of 10 different temporal patternsdor each design event and storm
duration. The Parramatta River catchment is within the East.Coast/South zone for selecting temporal
patterns from the ARR Data Hub.

Design storms are sorted into three temporal pattern bins as shown in Figure 6-1. A different set of 10
temporal patterns are associated with each temporal pattern bin. The 1% AEP event, for example, falls
within the ‘Rare’ temporal pattern bin.

Frequent Inter nediate L

- Very Rare (top 10) >
50% 5Y, 10Y 20Y 50Y 100Y 200y ARI
20% 10% 5% 2% 1% 0.5% AEP

Figure 6-1 Bins for temporal patterns versustAEP (source: ARR Figure 2.5.12)

The temporal pattern that prodicesithe flow above the mean flow of all temporal patterns is then selected to
represent that particular designievent and storm duration.

6.1.3 Areal Reduction Factors (ARFs)

ARR states that flood estimates are required for catchments that are sufficiently large. Design rainfall
intensities at a point are not representative of the areal average rainfall intensity across the catchment. The
ratio between the design'values of areal average rainfall and point rainfall, computed for the same duration
and Annual Exceedance Probability (AEP), is called the Areal Reduction Factor (ARF). This allows for the
fact that larger catchments are less likely than smaller catchments to experience high intensity storms
simultaneously over the whole of the catchment area.

It should be noted that'the ARF provides a correction factor between the catchment rainfall depth (for a given
combination of AEP and duration) and the mean of the point rainfall depths across a catchment (for the
same AEP and duration combination). Applying an ARF is a necessary input to computation of design flood
estimatesffrom a catchment model that preserves a probability neutral transition between the design rainfall
and the designiflood characteristics. The ARF merely influences the average depth of rainfall across the
catchment, itidoes not account for variability in the spatial and/or space-time patterns of its occurrence over
the catehment.

20 June 2023



@ Stantec 59916074/ 304600102 Final Draft Flood Study Report

Parramatta River Flood Study

6.1.3.1 Mainstream model

Based on complexity and size of the catchments in Parramatta, areal reduction factors are required to
provide an accurate representation of rainfall intensity across the catchments and the resultingflows for the
mainstream watercourses.

Areal reduction factor calculations for the Parramatta River catchment to Marsden Street\Weirwere
automated using XP-RAFTS software. This location was chosen as it is central to the Study area and is
appropriate for the calibration at Marsden Street weir.

6.1.3.2 Tributary & Overland Flow models

The average catchment size was assessed to determine the local rainfall and flood peak. As shown in Table
6-1 the majority of the tributary catchments are between 2 — 6 km?, with the exception/of Hunts Creek and
the entire Darling Mills Creek catchment. Their sub-catchments related to oyverland flow are smaller again.
Guidance in ARR recommends that the point rainfalls are valid for catchmentsiup to 4km2. As such, given
most catchments are around 4 km? or less, it was deemed appropriate that no ARF be applied to the rainfall
in determining the 1% AEP flows for the Tributary and Overland Flow models:

Table 6-1 Catchment Size for Tributary Catchments
A
{7/
Brickfield Creek 3.18
Clay Cliff Creek 1.96 ‘

Coopers Creek 4.2_6 )

Darling Mills Creek 2253w
Domain Creek 1.45
Devlins Creek 1.81
Finlaysons Creek .-6.13
Greystanes (Girraween) Creek N 024
Hunts Creek o —_7.83
Milsons Creek ) 0.92
Quarry Branch Creek (Northmead Gully) 322
Pendle Hill Creek "V 4 5.50
The Ponds Creek o 4.71
Subiaco Creek 'y 3.73
Terrys Creek VA 2.34

6.2 Probable Maximum Flood Estimation

The Generalised Short Duration Method (BoM, 2003) was used to estimate the rainfall intensity of the
Probable Maximum Precipitation for the Parramatta River catchment. The method of applying rainfall
intensities for the Mainstream model and for the Tributary & Overland Flow models are as follows. The
methodology is also further described in Appendix E.

6.2.1 Mainstream RMF Rainfall Intensity

A spatially distributed/PME rainfall intensity was adopted for the Mainstream model according to the GSDM.
The GSDM ellipseswere generated in the XP-RAFTS model for the Parramatta River catchment, oriented to
align with the catchment and centred over the CBD area which is approximately in the middle of the Study
Area. Each sub-catehment node in the hydrology model was then assigned a rainfall intensity that
corresponded to.its respective GSDM ellipse that it was located within.
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6.3 Design Event Modelling

6.3.1 Model Scenarios

The hydrologic model was used to simulate ensembles for a range of design events and ¢ @ 5. The
design events modelled for the Final Draft Flood Study include the:

« PMF; &\

e 1% AEP event;

e 2% AEP event; \

e 5% AEP event; and, %
N

e 20% AEP event.

1% AEP

Table 6-2 Adopted Parameters for Hydrologic Model for design events up to th

Hydraulic Model
Application

Pre-Burst Rainfall Areal Red:ction Factor ARBM Initial Stores

: 90t Percentile For area upstream of o
Mainstream Marsden Street Weir 20%
Tributary & Overland Flow 75" Percentile t Applied 20%

Table 6-3 Adopted Parameters for Hydrologic Model for the PMF

Hydraulic Model

S Ellipse Method Arec! Reduction Factor ARBM Initial Stores
Application

Mainstream All ellipses used V’ N/A 90%

Tributary & Overland Flow B-ellipse used only N/A 90%
6.3.2 Tributary and Overland Flow P ainfall Intensity
The rainfall intensity for the GSDM B-ellipse was applied for all Tributary & Overland Flow models. This
provides a representative estimate of infall intensity for each Tributary & Overland Flow model without
the complexity of applying GSDM elli or every catchment.

While using the A-Ellipse may be more appropriate for the small overland flow catchments to obtain peak
flows, due to the size of the models ould tend to overestimate volumes and produce spurious results in
the low parts of the catchments/tributa .

6.3.3 Critical Duration

The critical durations for each temporal pattern bin were determined by simulating a range of durations in the
hydraulic model. The hydrolojc model was simulated for all durations for application to the Mainstream and
Tributary & Overland Floew hydraulic models and assessment undertaken to identify the critical durations at
key focal point locatiops within the modelled area.

6.3.4 Design Event Flows
Table 6-4 shows ign event flows calculated in the XP-RAFTS hydrology model at key locations within the
model Study Ar

S
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Table 6-4 Design Event flows and critical duration from XP-RAFTS Hydrology Models at Key Locations
XP-RAFTS FFA 1% AEP™ 2% AEP 5% AEP 20% AEP
Location Node
Critical Flow (m?/s) Critical Flow (m®s) Critical Flow Critical Flow (m®%s) Critical Flow (m?s)
Duration Duration Duration (m3/s) Duration Duration
Mainstream Ma;svde?r" St Upp1.330L 12hr 787.2 12hr 535.7 6hr 468.9 4.5hr 337.6 > ‘ 33208
. Pendle . .
Trib & OF Croak UPP64.02a 6hr 67.7 30min 48.1 30min 42.4 1.5hr 38. 1h 4423
Oakes
Trib & OF Road UPP1.190n 6hr 23.1 30min 18.2 30min 15.3 15 45min 160.0
Bridge
Trib & OF F"‘C':"’;gzﬁ"s UPP4.090c 3hr 80.4 25min 65.3 20min 58.9 5mi 49.2 1hr 509.3
Trib & OF Cgfg:krs UPP5.110b 3hr 51.0 30min 46.1 30min 3.3 45min 39.1 45min 4397
. Quarry .
Trib & OF ol UPP13.07b 6hr 51.0 12hr 36.5 3hr 30.8 1.5hr 29.4 45min 313.1
Lake
Trib & OF Parramatta  UPP3.090a1 12hr 110.6 3hr 60.8 1.5hr 51.5 1hr 628.1
Outlet
Trib & OF Brcicr‘g;i'd UPP45.13b 12hr 496 20min 30.4 1.5hr 28.3 45min 338.6
Trib & OF Vigfey:krd VINN14b 12hr 3 3hr 375 1.5hr 33.2 1hr 408.6
Trib & OF Darg’r‘ge'\k’""s UPP2.190d 12hr 2243 12hr 154.8 6hr 1315 3hr 1075 1.5hr 1524.1
Trib & OF ng;aef SUBS1.10bb r 108.8 12hr 79.5 3hr 67.1 2hr 61.6 1hr 698.4
. Terrys . . .
Trib & OF Creck errout 2hr 77.5 45min 499 2hr 43.4 20min 29.0 45min 336.8
Trib & OF out2 2hr 424 20min 24.8 20min 21.1 1hr 38.1 45min 191.6
LPP1bc 12hr 427 12hr 27.9 3hr 246 1.5hr 21.7 1.5hr 2246
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7 FFA matching 1% AEP Design Flows

7.1 Marsden Weir FFA upscaling

CoP has indicated that for Flood Planning Assessment the hydraulic modelling is required to provide a match
in 1% AEP flow with the FFA assessed 724m?3/s. Current design estimates are significantly lower than this
value at 610m3/s and Stantec has undertaken upscaling assessment to revise all flows in Main Channel and
Tributary models to allow for this upscaling.

In undertaking assessment, it was identified that although there had previously/been a good match between
hydrological and hydraulic outcomes for design events, this trend did not continue when considering the

upscaled 1% AEP flow. An upscaled hydrology model that aimed to replicate thesEFA defined 724m?3/s flow
did not replicate the same flow in the developed hydraulic model (set up described in the following sections).

There are several reasons for this however the main explanation appears to'be the additional storage and
routing offered in a hydraulic model within the main channel is larger than that modelled in the current
hydrological model for all events at flood levels for flows > approximately 650m?3/s. Additional floodplain
storage appears to be activated at these levels and starts to create/a deviance between the existing
hydrology and developed hydraulics model for the main channel. Preliminary assessment has identified that
XP-RAFTS hydrological flows of 780m3/s is required to match the 1%,AEP FFA flows in the developed
hydraulics model.

Accordingly, to match the FFA flow at the Marsden Weir in the hydraulic model the ARR19 IFD has been
adjusted and outcomes assessed for all potential temporal patterns'to find the best fit to provide the required
780m3/s XP-RAFTS flow and the associated 724m?3/s hydraulic model flow.

Initial testing considered review of the standard temporal patterns and if required increasing the ARR19 IFD
to levels that would provide the required flow with outcomes,presented in Table 7-1.

Table 7-1 FFA upscaling assessment

Testing 1% AEP 12hour Tuflew Q at XP-RAFTS Flow  Tuflow Q at Marsden Approx
Scenario Temporal Pattern Marsden at UPP 1.330L Weir Gauge IFD

Weir Gauge (UTP- Upscaled (UTP — upscaled Upscale %
(TR-existing  IFD) IFD)
CIFD)

TP5 Intermediate TP, R8 719.5 662 780 Approx 720* 15%+

Median TP. R6
TP8 edian 6£ ) 595 780 Approx 720* 36%+

Highest TP, R
P9 ighest TP, R9

753 702 780 Approx 720* 8%+

Assessment has identified that dsing‘an alternative temporal pattern (i.e. highest) was not able to provide the
upscaling required. Accordingly, an increase to the ARR19 IFD was assessed for the identified range of TP
to achieve the required hydrological flow.

To match the 1% AEP FFA flow rate in the hydraulic model, a 15%, 36% and 8% upscaling has been applied
to the selected 1% AEP 12hr event for TP5, TP8 and TP9 respectively. Cardno generated the corresponding
hydrographs and applied it to preliminary PRFS mainstream TUFLOW model to simulate the flooding
process at the Marsden'Street weir.

Outcomes of hydraulic model outcomes against the historical flood record (April 1988) are presented in
Figure 7-1, Figure(7-2/and Figure 7-3. All three upscaled TPs show a similar shape to the recorded data,
where upscaled TP9is,identified as the recommended TP due to the comparison with record data among
the other two TRsS™As:it captures the low point between the peaks prior to the larger event coming through.
Note that comparing a design TP outcome against actual recorded storm is not expected to provide a perfect
replication in"any way between both event types but has been used to provide guidance in regard to best TP
to adopt going/forward.
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Comparison of Gauge Data and Upscaled Flow Rate @ Marsen Street Weir
800
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Figure 7-1 Comparison of gauge data and upscaled 1% AEP 12hr TP9 TUFLOW, rsenMarsden Street weir (8%+)
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Figure 7-2 Comparison of gauge data and upscaled 1% AEP 12hr TP8 TUFLOW result at MarsenMarsden Street weir (36%+)
Comparison of Gauge Dataa Flow Rate @ Marsen Street Weir
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Figure mparison of gauge data and upscaled 1% AEP 12hr TP5 TUFLOW result at MarsenMarsden Street weir (15%+)
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Review of the above indicates the following:

e The upscaled T9 result best resemblance to the 1988 hydrograph with a similar timing, velume and
overall flow increase to peak flood levels.

e The upscaling required for this event (9%) matches well with the average difference between the
ARR87 and ARR19 IFD differences.

Stantec has adopted the 8% upscaled 1% AEP 12hr TP9 for ongoing assessment of/main channel
performance to match the FFA flow at Marsden Weir and that the other identified critical durations (2hr and
6hr) also be upscaled in the same manner for assessment.

Stantec do not recommend proceeding further testing TP5 and TP8 as the percentage,of upscaling exceed
the range compared to the ARR87 IFD.

7.2 Tributary Upscaling

7.2.1 Method for Upscaling

Based on the requirement for upscaling of flows for the 1% AEP event.to'matech FFA outcomes, Stantec has
developed and applied a method for upscaling the associated tributary flows. Note that as there is no
significant gauged data at the end of all tributary models the methad applied to the Main Channel cannot be
replicated for each tributary.

The method for upscaling the tributary models has been defined as follows:

¢ Review total upscaling required in hydrology model ogutcomes for main channel and compare to
standard ARR2019, median TP outcomes.

e Consider the requirement to upscale the outflows from“all tributaries by the same factor regardless of
the critical storm duration adopted (i.e. % increase applied to all flows at outlets).

o Assessment of potential additional ARR2019IFD.upscaling required to match the target outflows.
« Identify any consistent temporal pattern outcomes/that provides a consistent upscaling to the outlet
flows for all identified durations.
7.2.2 Upscaling Required
Review of upscaling requirement for Main Channel at Marsden Weir has identified the following:
e Standard ARR2019 1% AEP flow rate of 610m3/s (median TP).
e Upscaled requirement (8% ARR2019.IFD, TP9) flow rate of 780m3/s.

Based on the above the nominal total 1% AEP upscaling required at Marsden Weir appears to be 28% when
compared to the standard ARR2019 approach outcomes. This upscaling has been considered and applied to
all tributary outflow locations for all critical durations for on-going assessment.

For all tributaries a detailed assessment of the critical storm durations reporting to the local drainage outlets
has been undertaken and review of the existing standard ARR2019 results and upscaled results has been
developed. A summary of the outeemes of upscaling flows to tributary outlets by 28% is presented below in
Table 7-2.
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Table 7-2 Tributary Outlet Upscale Requirements for 1% AEP FFA matched
Critical Critical : Target
XP;\ESZTS Duration Duration .'I\.A: ?gg) R(anE};w Flow
Outlet (Upstream) ‘ (m3/s)
6hr TP5 2 68.9
Pendle Creek UPP64.02a -
15min TP10 46. 59.1
Pendle
6hr TP2 22.6
Oaks Street Bridge UPP1.190n
15min TP7 1 21.9
Finlaysons Creek UPP4.090c 3hr TP 2 82.8
FinCoo
Coopers Creek UPP5.110b 3hr TP 50.8 64.5
Quarry  Quarry Creek UPP13.07b  6hr ‘% 40.2 51.1
12hr 80.4 102.1
Lake Parramatta UPP3.090a1 20min 4 27,5 34.9
Outlet ’ y 4 2 : :
4.5h%lP5 73.3 93.1
12hr TP1 39.9 50.7
Brickfield Creek UPP45.13b min TP6 37.9 481
hr TP10 38.2 48.5
12hr TP1 47.6 60.5
DarSub  Vineyard Creek VINN14b \ in TP10 32.0 40.6
4.5hr TP10 46.9 59.6
h TP1 173.8 220.7
Darling Mills Creek UPP2.190d 20min TP3 53.8 68.4
4.5hr TP9 161.8 205.5
2hr TP1 90.4 114.8
Subiaco Creek SUBS1.10bb 20min TP8 50.3 63.8
4.5hr TP9 86.7 110.1
ClayCliff ~ Claycliff Creek TP1 31.7 40.2
Terrys Creek TP6 63.2 80.3
TerDev
Devlins Creek TP6 304 38.6

Review of the above s a range o | durations for the Tributary model outlets with the predominant events limited to
15min, 2hr, 3hr, 6hr and 12hr even revious review of modelled outcomes has also identified additional critical storm
durations usually associated with upstream areas and target flows for these events at the outlet have also been
assigned.

Further assessment (similar to Main Channel Review) has been undertaken to identify the required ARR2019 IFD

IFD for thes

Further as: ent has been undertaken to identify the flows associated with all TP’s and a TP selected that best
matches the o Il required target flow and total flow across all tributary models.

sessment and selected TP for both upscaled scenarios is presented in Table 7-3 and Table 7-4.
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The flows generated from the selected upscaling and TP have been used for hydraulic modelling of all tribut odels
to generate the FFA matched 1% AEP design levels. Note that this process has also been applied to th i
scenario required for FPL definition.
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Table 7-3 Upscale Assessment — 12hr Storm Events (9% ARR19 IFD upscale) and selected TP

MERERS e Gl T A Flow Diff (%) Flow Diff (%) | Flow Diff (%) | Flow Diff (%) Flow Diff (%) Flow Diff (%) Flow Diff (%) Flow Diff (%) Flow Diff (%)

Lake Parramatta Outlet UPP3.090a1 12hr 102.1 88.2 -14% 80.6 -21% 110.6 8% 58.5 115.2 13% 54.8 -46% 81.8 -20% 124.9 22% 67.8 -34%

Brickfield Creek UPP45.13b 12hr 50.7 43.6 -14% 36.4 -28% 49.6 -2% 25.6 59.3 17% 245 -52% 37.6 -26% 56.7 12% 30.9 -39%

DarSub  Vineyard Creek 12hr 60.5 52.1 -14% 434 -28% 60.3 0% 73.8 22% 28.6 -53% 442 -27% 69.7 15% 38.3 -37%
Darling Mills Creek UPP2.190d 12hr 220.7 188.0 -15% 183.0 -17% | 224.3 196.2  -11% 150.8  -32% 1859  -16%  234.8 6% 167.7  -24%

Subiaco Creek SUBS1.10bb 12hr 114.8 98.9 -14% 83.7 -27% -46% 140.2 22% 136.6 19% 57.5 -50% 86.5 -25% 133.3 16% 73.3 -36%

Claycliff ~ Claycliff Creek 12hr 40.2 345 -14% 31.2 -23% 24.0 -40% 48.4 20% 454 13% 214 -47% 31.9 -21% 49.5 23% 27.9 -31%
Total Flow 12hr 589.1 505.3 -14%  458.2 2% 362.2 -39%  678.6 15% 626.5 6% 3375 -43% 4679 -21%  668.9 14% 4059  -31%

Table 7-4 Upscale Assessment — 15min to 6hr Storm Events (19% ARR19 IFD upscale) and selected TP

Critical Duration

Target Flow
(%) Flow Diff (%) Flow Diff (%) Flow Diff (%) Flow Diff (%) Flow Diff (%) Flow Diff (%) Flow Diff (%) Flow Diff (%) Flow Diff (%)
-7% 56.0 -5% 55.6 6% 54.3 -8% 55.3 -6% 53.4 -10% 55.1 7% 55.4 -6% 57.5 -3% 56.1 -5%
Pendle Creek UPP64.02a
bendl 54.7 -21% 63.4 -8% 65.0 -6% 43.3 -37% 63.7 7% 71.0 3% 51.0 -26% 48.3 -30% 68.5 -1% 67.7 2%
endle
20.7 -8% 21.8 -3% 21.6 -4% 20.7 -8% 21.6 -4% 20.9 7% 21.2 -6% 21.7 -4% 21.3 -6% 20.4 -10%
Oaks Street Bridge UPP1.190n
19.6 -11% 21.1 -4% 21.7 -1% 13.0 -41% 201 -9% 241 10% 16.6 -25% 15.8 -28% 21.4 -2% 23.1 5%
Lake P . UPP3.090a1 . o 49.2 41% 40.0 15% 43.6 25% 43.8 26% 42.9 23% 43.5 25% 449 29% 52.0 49% 42.6 22%
ake Parramatta Outlet .090a
A 4.5hr 93.1 74.6 -20% 106.3 14% 78.2 -16% 105.7 14% 91.7 -1% 103.2 11% 75.6 -19% 84.4 -9% 88.6 -5% 102.9 1%
Brickfield Creek ), 20min 48.1 42.8 -11% 48.5 1% 48.2 0% 44 .4 -8% 46.2 -4% 449 -7% 44.2 -8% 445 -8% 45.7 -5% 45.7 -5%
rickfie ree 5.
4.5hr 48.5 31.5 -35% 50.1 3% 35.4 -27% 51.7 7% 43.2 -11% 491 1% 32.5 -33% 42.5 -12% 49.9 3% 45.5 -6%
Sy VINN14b 20min 40.6 38.4 -5% 41.4 2% 40.8 0% 38.0 -6% 39.8 -2% 37.9 -7% 37.9 -7% 38.1 -6% 40.1 -1% 38.5 -5%
arSu
4.5hr 59.6 37.1 -38% 61.1 3% 42.3 -29% 711 19% 55.1 7% 64.0 7% 38.8 -35% 53.7 -10% 62.8 5% 56.3 -6%
20min 68.4 70.9 4% 73.3 7% 63.9 7% 64.1 -6% 67.4 -1% 63.6 7% 63.6 -7% 66.9 -2% 77.6 14% 63.8 7%
UPP2.190d 4.5hr 205.5 188.5 -8% 212.2 3% 181.6 -12% 179.8 -13% 176.2 -14% 198.6 -3% 185.9 -10% 184.6 -10% 186.9 -9% 217.6 6%
20min 63.8 62.3 -2% 60.3 -6% 61.4 -4% 58.2 -9% 63.3 -1% 58.1 -9% 58.1 -9% 59.9 -6% 71.3 12% 59.7 -6%
Subiaco Creek SUBS1.10bb
4.5hr 110.1 741 -33% 111.5 1% 82.1 -26% 126.2 15% 100.8 -8% 117.2 6% 77.5 -30% 95.0 -14% 111.2 1% 108.8 -1%
Terrys Creek Terrout 2hr 80.3 68.3 -15% 79.1 -1% 52.4 -35% 97.2 21% 80.2 0% 85.7 7% 49.6 -38% 80.3 0% 65.0 -19% 77.5 -4%
TerDev
Devlins Creek Out2 2hr 38.6 32.2 -17% 39.7 3% 27.6 -28% 43.8 13% 33.3 -14% 429 11% 25.5 -34% 401 4% 33.5 -13% 42.4 10%
N Finlaysons Creek UPP4.090c 3hr 82.8 61.4 -26% 79.5 -4% 76.4 -8% 74.0 -11% 57.3 -31% 67.2 -19% 76.1 -8% 75.3 -9% 73.4 -11% 80.4 -3%
inCoo
Coopers Creek UPP5.110b 3hr 64.5 52.1 -19% 61.5 -5% 67.0 4% 65.4 1% 43.5 -33% 47.9 -26% 63.5 -2% 61.9 -4% 54.9 -15% 63.7 -1%
Quarry  Quarry Creek UPP13.07b 6hr 51.1 43.8 -14% 47.5 7% 491 -4% 30.2 -41% 459 -10% 53.1 4% 40.7 -20% 38.2 -25% 51.3 0% 51.0 0%
Total Flow 15min-6hr 1262.3 1076.5 -15% 1283.7 2% 1110.1 -12% 12247 -3% 1148.3 -9% 1245.7 -1% 1057.0 -16% 1151.5 -9% 1232.8 2% 1263.6 0.105%
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8 Hydraulics

8.1 Hydraulic Model Setup
The hydraulic models have been developed as 1D/2D linked models using the TUFLOW software.

In general, some channels, pipe networks, culverts and some bridges are setup in the 1-dimensional
domain, while other channels, bridges, topography and floodplains are established inithe 2-dimensional
domain. The 1D and 2D domains are dynamically linked to allow exchange of flow'between them.

The entire study area, which is modelled in TUFLOW, covers an area of 49 km2:*Due to the large study area,
a staged approached was undertaken when developing the TUFLOW hydraulicsmodels (refer Table 8-1).
The TUFLOW HPC GPU engine was used to undertake all simulations (version 2020-10-AA_iSP_w64).

The models were divided into the following stages:
Stage 1 — Mainstream Parramatta River and Toongabbie Creek
Stage 2 — Tributary models
Stage 3 — Overland Flow

It was agreed with Council to consolidate the Tributary & Overland Flow models to avoid discrepancies at the
boundary which can be experienced in model staging. The models have been setup with overlap of the
Mainstream extent and the Tributary extent to ensure that the envelope of peak levels from different flooding
mechanisms is covered appropriately.

Table 8-1 TUFLOW Model Staging

N

Mainstream e Model 1 — Parramatta River and Toongabbie Creek

o Model 2 — Clay Cliff Creek
e Model 3 — Darling Mills, The Ponds, Subiaco, Vineyard and Brickfield Creeks
Tributary & Overland o Model 4 — Finlaysons, Coopers and Milsons Creeks
Flow e Model 5 — Pendle Hill and Greystanes Creek
e Model 6 — Quarry Branch Creek
e Model 7 4Terfrys and Devlins Creeks

8.1.2 Model Extents
The extents of the TUFLOW models are shown in Figure 15-16.

The Mainstream model coversthe Parramatta River and Toongabbie Creek mainstream channels and their
floodplains, while Stage 2 models/cover Parramatta River tributaries and overland flow paths within the
Study Area. The downstream limitsyof each Stage 2 model is at the confluence of each tributary with
Toongabbie Creek/Parramatta River.

8.1.2.1 Model 1 — Parramatta River and Toongabbie Creek

The Mainstream Parramatta River Model consists of the main Toongabbie Creek and Parramatta River
channels, and their floodplains throughout the Study Area. The upstream limit of Model 1 is upstream of
McCoy Park Basin'on Foongabbie Creek. The downstream boundary of the model is at Concord Bridge at
Ryde, where the river s tidally dominated.

The model has'been'Widened to ensure that it encompasses the expected PMF flood extents. This was
based on the previous PMF GIS layer provided by CoP with a suitable buffer applied to ensure that the PMF
was captured ifithere was a change to the flows or flood level predictions.

8.1.2.2 Madel 2 — Clay Cliff Creek

The Clay Cliff\Creek model covers the entire Creek’s course through the study area. On the upstream end, it
begins imithe/Ollie Webb Reserve on Pitt Street and progresses through the Parramatta CBD and Harris
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Park. The model ends at the banks of the Parramatta River and includes the overland areas between
Charles Street Weir to Camellia.

8.1.2.3 Model 3 — Darling Mills, Hunts, The Ponds, Subiaco, Vineyard and Brickfield Créeks
Model 3 includes the following watercourses (and their catchments to the study area boundary):

Darling Mills Creek — the model boundary was extended north of Parramatta/LGA"including James
Ruse Drive upstream to Hazel Ryan Oval to capture a greater extent of the'creek;

Hunts Creek — from William Place, North Rocks, to its confluence with Darling Mills Creek;
The Ponds Creek — completely included within the model;

Subiaco Creek — completely included within the model;

Vineyard Creek — completely included within the model; and,

Brickfield Creek — from Brickfield Basin north of James Ruse Drive 1o its confluence with
Parramatta River.

Where the creeks within the model extended upstream of the study area; the model boundary was located a
short distance outside the study area and a total inflow was insertedrat this\location.

The model boundary ends at Parramatta River starting at O’Connell Street Bridge and ending downstream at
Waratah Street, Melrose.

Overland flow areas for all catchments within the LGA boundary down to the Parramatta River are included.
The model extents were clipped to an expected PMF extent derived from a buffered rain on grid model PMF
extent. The Rain on Grid PMF model was initially developed toxforthe preimary definition of overland
flowpaths and model extents.

8.1.2.4  Model 4 — Finlaysons, Coopers and Milsons Creeks
Model 4 includes the following watercourses (and their catchments):
Coopers Creek — from the T1 Western Rail Line/crossing to its confluence with Toongabbie Creek;

Finlaysons Creek — from the T1 Western Rail Line crossing to its confluence with Toongabbie
Creek; and,

Milsons Creek — completely included within the model.

The model spans from the southern boundary of'the Study Area, upstream of the T1 Western Rail Line to
Toongabbie Creek on the downstream end. The downstream model boundary runs along the edge of the
Toongabbie Creek channel and extends fromsHammers Road down to Redbank Road.

8.1.25 Model 5 — Pendle Hill and*Begalara Creek

Model 5 includes Pendle Hill Creek, from/'the T1 Western Rail Line crossing to a point approximately
250 metres upstream of the Barangaroo Road crossing. It also includes Bogalara Creek and overland flow
paths between the two creeks!

8.1.2.6 Model 6 — Quarry Branch Creek

Model 6 covers overland flow areas in the region encompassed by the M2 Motorway, Windsor Road,
Toongabbie Creek and/Old Windsor Road. Quarry Branch Creek (Northmead Gully) is included in the model,
from its M2 Motorway/crossing to its confluence with Toongabbie Creek.

8.1.2.7 Model 7/~ Terrys and Devlins Creek

Model 7 extends across the North-East corner of the Study Area and covers the area bounded by
Carlingford Roads.I.1_ Main Northern Train line, Marsden Road and the Eastwood Train Station.

This model contains two watercourses:

Terrys.Creek — from the top of its catchment to a point just downstream of the Blaxland Road
Cressing; and,

# Devlins Creek — from the top of its catchment to a point downstream of the Carlingford Road
crossing.
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8.1.3 Digital Elevation Model

A combination of the following sources was used to develop the 2D digital elevation model usedhin all

TUFLOW models:

> 1-metre resolution Aerial Laser Survey;

> Digital elevation model of the Parramatta CBD provided by Council; and,

> Bathymetric survey.

8.1.4 1D and 2D Domains

The maijority of the hydraulic models are modelled in the 2D domain. A model grid/size of 2 x 2 metres was
adopted in the 2D domains in all hydraulic models. This resolution was selected toxensure a balance of an
accurate representation of the terrain and flood behaviour, while maintaining,reasenable model simulation

times.

Some channels within the Study Area are too narrow to be accurately modelled in the 2D domain due to grid
size resolution. As such, these channels were represented by 1D channels (refer Figure 15-18) to ensure
that its flow conveyance is accurately modelled. Typically to representithe detail of a channel in the 2D
domain and maintain the flow area, the channel needs to be greaterthan 5.cells in width. In general,

channels less than 12 metres in width were represented by 1D channgls.

8.1.5 Materials Roughness Layer

The materials layer used to define the Manning’s ‘n’ roughness in the TUFLOW models were based on land
uses in the City of Parramatta Council cadastre shown in Council’s Local Environment Plan. The TUFLOW
materials layer is shown in Figure 15-17 and corresponds‘te,thefollowing Manning’s ‘n’ values are

summarised in Table 8-2:

Table 8-2 TUFLOW Materials Roughness
Eilfé_r%\llv Manning’s ‘n’ Material Description Corlfesponding Council LEP
Type Zoning
1 0.02 Watercourse -
2 0.08 Low Density Industrial General Industrial IN1
3 0.1 't‘)"u‘?l‘é?r:gtsvi?heI’i‘tst;;y;gf;segg'l’it§“bSta”tia' General Industrial IN2
4 02 bulcing wih amost o pormoabiity  Goneral Industial ING
5 0.06 Channel banks, moderate vegetation -
6 0.08 Channel banks, dense vegetation -
7 0.04 Low Density Residential Low Density Residential R2
8 0.04 Medium Density Residential Medium Density Residential R3
9 0.04 High Density Residential High Density Residential R4
10 0.1 High Density Development Neighbourhood Centre B1
11 0.1 High Density Development Local Centre B3
12 0.1 High Density Development No Description B3
13 0.1 High Density Development Mixed Use B4
14 0.1 High Density Development Business Development B5S
15 0.1 High Density Development Enterprise Corridor B6
16 Q 0.04 Parks, grass and some trees Public Recreation RE1 & RE2
17 0.015 Concrete channel -
0.1 High Density Development Special Activities SP1
19 0.1 High Density Development Infrastructures SP2
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22 0.02 Roads -
23 0.03 Smooth paved ground, carparks -

Industrial site — paved ground with low

z 0.1 density structures

25 0.045 Grass with medium density trees ] -
26 0.035 Grass only - ® o
27 0.07 Dense Trees with under brushes Ny ¥/

8.1.6 Inflows

Inflow hydrographs were extracted from the hydrologic model and applied:in‘the hydraulic model as inflow
polygons. Adopting this approach assumes that runoff from a sub-catchment is concentrated into a small
area within the sub-catchment, typically at the catchment outlet.

At the upstream boundaries, flows are input as a total flow from the hydrologic model derived for the
upstream catchments. These are input as either a 1d inflow for,1d channels or as a rectangular 2d_SA
polygon for 2d areas to distribute flow behaviour. For sub-catchments within a model, a local flow from that
sub-catchment is applied to the hydraulic model.

In general, flows are applied at the downstream low points of'each sub catchment, except for the most
upstream sub-catchments where a flow is applied at the centroid of the sub-catchment along the main
drainage line. The outlet or centroid node points were converted into circular 2d_SA inflow polygons with a
diameter of 40 metres. In general, the inflows in the model.are input as local catchment inflows except where
there are upstream areas outside the Study Area, and at these locations total flows are input.

In areas where the Mainstream and Tributary modelsioverlap, the inflow locations in the tributary model have
been adjusted to match the Mainstream locations. In the mainstream model the inflows from the local
tributaries have been adjusted to ensure the inflowtis-applied within the flood extent of the main stream so
that total flows from the hydrology model that haven’t been routed in the Tributary Tuflow aren’t applied and
create issues at the convergence of the model.domains.

8.1.7 Downstream Boundary & Tailwater Conditions

The adopted water levels at the downstream boundary of all hydraulic models were selected in accordance
with the NSW Floodplain Risk Management,Guide - Modelling the Interaction of Catchment Flooding and
Oceanic Inundation in Coastal Waterways (NSW OEH, 2015). Refer to Section 9.2 for details.

The downstream boundary of the Mainstream model is at Concord Road Bridge at Ryde, which was selected
as it is understood to be consistent/with the Sydney Harbour tidal levels. It is also a location far enough
downstream of the Study Area beundary to not influence flood model results because water levels are
controlled by ocean tide and not by the channel geometry, which is sufficiently deep and wide at this
location.

Fixed tide levels for the;Mainstream model were extracted from the Lower Parramatta River Flood Study
Review (SKM, 2005), which is outlined in Section 3.1.2. The Mean High Water Spring Solstice (MHWSS)
was extracted from OEH NSW Tidal Planes Analysis — 1990-2010 Harmonic Analysis (Table A17, MHL,
2012) for the Sydney Port Jackson at HMAS Penguin gauge.

The downstream boundary of each Tributary & Overland Flow model is at the confluence of each tributary
with Toongabbie.Creek/'Parramatta River. This applies to all creek channels, drainage lines and overland
flow paths. The'models have a boundary at all drainage path outlets (creeks, drainage lines, overland flow
paths) to the;mainstream Parramatta River or Toongabbie Creek.

A fixed tailwaterlevel is applied based on the relevant design event Mainstream model results at each
identified inflow. location. This allows each inflow to have a varied TW level associated with the gradient in
the mainstream. For all events less than the 2% AEP all tributary outflows have been set as HQ boundaries
so flowsjust progresses into the river area.
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A summary of the adopted tailwater levels for Mainstream and Overland Flow hydraulic models is shown in
Table 9-5.

8.1.8 Buildings

Aerial photographs and ALS data classes were used to generate building outline polygons'in,GIS. This was
to model buildings as “block-outs”. Building “block-outs” remove cells from the hydraulic mede and assumes
that flow cannot pass through or have storage within buildings.

All structures that are main buildings that would have solid walls are included. Structures where flow can
pass through, such as carports or awnings, have been excluded where they were ableuo be clearly identified
on aerial photographs.

Assessment has also considered some locations where flow can pass through buildings or car parks and in
these locations the structure blockages have been removed or amended to allowsfor flow. e.g; Woolworths
Rosehill and other buildings along Clay Cliff Creek.

The Parramatta Stadium and surrounding grading has also been included in‘the Mainstream model,
according to the Issued for Construction Bulk Earthworks & In-Ground Stormwater Plan design drawings
(WSS_CD_1.01.008 to WSS_CD_1.01.014 dated 30 May 2017), for all"design event and sensitivity analysis
models. The stadium has been excluded from calibration event models as'it was not constructed at the time
of these events.

8.1.9 Proposed Structural Changes

As part of the proposed flood study, several structural changes weré considered, including the incorporation
of PLR (Parramatta Light Rail) updates. The PLR updates encompassed modifications to structures such as
Bankwest Stadium, RSL upgrades, the Parramatta River Esearpment Boardwalk, and Alfred Bridge. These
changes were integrated into the Tuflow model to assess their impact on flood dynamics. However, for more
specific details on these structural changes, it is necessary to refer to a separate study that specifically
addresses those aspects.

Basement carparking is not included as there is no‘database to know where they all are, their size and any
driveway threshold levels. This is beyond the scopeof the study.
8.1.10 Fences

Fences have been included where they cross all major flowpaths or are deemed to potentially influence
flooding through either directing flows or storing water behind them. Fences were modelled as layered flow
constrictions in the TUFLOW model. The blockage factor and form loss coefficients were determined based
on the type of fence (e.g., solid brick or/8andstone, mesh or paling fence), as identified from desktop
analyses using aerial photographs.

In general, fences were identified asseither-a low retaining wall, a high wooden or colourbond panel fence or
a solid high wall.

A ground-truthing site visit showed thatthere is difficulty in identifying the correct fence type from aerial
photography and some inferences/must be made. It is not possible to include all fence types accurately
without a detailed survey of all fences, which is an extensive exercise and beyond the scope of this study
(refer to Section 4.1.3).

8.1.11 Stormwater Pits and Pipes

The stormwater pit andpipe network adopted in the hydraulic model was developed from the following
sources of data:

Council stormwater pits and pipes GIS database;
Previous XP-SWMM model data;
Previous/MIKE11 model data; and,

Survey data.

As agreed with Council, all pipes less than 600 mm in diameter were removed from the hydraulic model. The
stormwaterpit and pipe network included in the TUFLOW Models is shown in Figure 15-18.
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Council's GIS database of drainage infrastructure includes most assets owned by other agencies sueh as
Sydney Water, RMS, Railways and other Councils within the LGA. In addition, site inspectionsiwere
undertaken to ensure that all drainage infrastructure required for flood modelling was included.

8.1.12 Structures and Form Losses

8.1.12.1 Bridges

Bridges along the river represent significant hydraulic features affecting flood levelsdue to.contraction and
expansion of flows and losses associated with flow area bridge piers and flow interaction with the bridge’s
superstructure (deck, beams and railings/barriers). Calculation of the bridge hydraulic efficiency and
parameterisation of the efficiency in the TUFLOW flood model is important to ensure the bridges are
appropriately represented in the flood model.

The bridges were modelled as 2D layered flow constriction shapes (2d_lIfcsh),and“are shown in

Figure 15-19, bridges were also represented as closed cross-sections in the 4D"domain. Bridges in the 2d
domain allowed the bridge structure to be represented through application‘ef form losses and blockages at
specific levels corresponding with the piers, soffit, deck and parapet. The total'head loss across a bridge
structure is caused by two major components:

Losses due to the contraction and expansion of the floodplain flow through the bridge opening; and,
Losses due to the drag and turbulence caused by the piersiand bridge deck.
Since the abutments are represented in the 2d hydraulic modeltopography, the form loss due to the
contraction and expansion of flow is already accounted for in the madel. Therefore, it is only necessary to

include an allowance for reduction in waterway area due to piers and the form losses caused by the pier
drag and turbulence and the deck and railings.

This allows a hydraulic loss and blockage to be appliedito different layers that relate to the piers, deck and
railings. For all bridges, the graphs in the 1994 AustRoeads publication “Hydraulic Design of Bridges, Culverts
and Floodways” which uses “Bradley’s Method” was'adopted to parameterise the energy losses (form loss
coefficient-FLC) of the bridge sub-structure. It is notedithat the layered flow constriction has been included
as a polygon in the model to represent changes in cress fall in the bridge and the loss values entered into
the model are applied per metre of bridge width,

The following parameters primarily drive the ealeulation:
Calculation of waterway area for the'design event;
Calculation of waterway area removed by the pier columns; and
Pier number, shape and configuration:

Figure 15-20 is interpreted for backwater coefficient (FLC/backwater coefficient is read from y-axis) based
on ratio of projected pier blockage area to total unblocked waterway area.

Table 8-3 Existing Bridge Loss and Blockage Parameters

.

The piers obstruct a % of the waterway area under the

Piers Variable/depending on As calculated bridge, which for a given pier shape/configuration relates
pier number and size for each bridge to a hydraulic loss value of k read from Figure 15-20 and
divided per metre width of bridge.

Deck 100% 1.56 Corresponding to a submerged deck (Cd = 0.8)

For 50% and Allowing for blockage by debris:
o 80% - 0.5 e 50% for railings or open barriers

Railing 50%, 80% or 100% )
For 100% - e 80% for wire mesh fences
1.56

e 100% for solid walls or concrete barriers

Refer Appendix Q for complete bridge structure FLC calculations and parameters applied in the TUFLOW
model. Existing Bridge Loss and Blockage Parameters are summarised in Table 8-3.
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The Alfred Street Bridge was included in all design event hydraulic models for this Flood Study and'was
excluded from calibration event models.

8.1.12.2 Stormwater Pits and Culverts

Pit inlets have been modelled as 1D nodes with rectangular inlets with a width and height extracted from
Council’'s stormwater pit and pipe database or from survey.

The stormwater pits are linked to culverts, which have been setup as 1D elements andwse a standard 0.5
entry loss and 1.0 exit loss. All pipes have been assigned a Manning’s ‘n’ of 0.015.

8.1.12.3 ARR 2019 Blockage

ARR19 indicates that for flood planning levels and extents some consideration needs o be given to the
blockage of structures within the planning area flood extents.

In general blockages of structures tend to result in higher upstream water levelstand extents however
hydraulic modelling of blockage also reduces the downstream flow rates as,upstream storage acts to route
and reduce flows as they progress down the catchment.

To fully assess water level impacts because of blockage, the blockages need to be applied incrementally
(one blockage per model run) as you progress down the catchment'to model all potential blockage
scenarios. This was not undertaken as part of current scope of warks/however can be considered in future
revised assessments.

Current modelling has considered blockage in accordance with"ARR19 requirements and both CoP and
Stantec have reviewed ARR19 and recommend the L10 = 1.6m approach to blockage. The requirements for
this blockage scenario are presented below:

e For all cross drainage structures with a horizontal widthiof less than 1.5m a 50% blockage is applied
(ARR Table 6.6.6).

e  For structures with horizontal width betweens1.5 to 4.5m a 10% blockage is applied (ARR Table
6.6.6)

e Sag or on-grade pit blockages to stormwaternetwork:
- 20% for On-grade pit
- 50% for Sag Pits

The above blockages are to be applied to both'the mainstream and tributary models in the 5% and FFA
matched 1% AEP assessments. The pittypes are as defined in the most up to date 1D network information
(which includes pipe data corrections undertaken in 2021 by Cardno).

The outcomes of blockage assessmentare expected to have impacts upstream for the first few crossings
and that the flows may potentially be routed by the blockage and reduce flows downstream to rates less than
defined in the no blockage scenario.

CoP has identified that the FFA'matched 1% AEP and 5% AEP events are required to consider blockage
and outcomes of these modelled events have been provided as an envelope for both the blockage and no
blockage scenario.

Further work on incremental blockage is recommended to ensure potential upstream water levels in
downstream blocked structures are captured for both events.

For flood planning assessment the FFA matched 1% AEP event was modelled for the full blockage and no
blockage scenario and outeemes presented as an envelope of water level extents and levels. ARR19
Blockage are applied as baseline case for all climate changes and non-blockage related sensitivity
scenarios.

8.1.12.4 Zero Blockage Scenario

One additional scenario with zero blockage was applied to both the mainstream and tributary models in the
FFA matched 1% AEP assessments as per Council’s direction for the purpose of identifying Flood Planning
Areas. Thisuis/further discussed in section 10.8.
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8.2 Calibration & Validation

The Parramatta River model was calibrated using the June 2016 event. The model was also rumfor two
validation events of April 2015 and April 1988 and the results plotted against recorded water level and
streamflow data at each gauge location that had data available during each event.

The XP-RAFTS hydrology model setup with regards to catchment conditions and basins‘active for each of
the calibration events is described in Section 5.3.2 and provided in Appendix B.

Similarly, the TUFLOW hydraulic model was then adjusted to remove hydraulic structuresor features that
were known to not be present at the time of each calibration event. For the June 2016,and April 2015 events,
the current TUFLOW model setup is largely representative of these events as thése are recent events.
However, for all calibration events the Peter Parade levee upgrade was not included as this was constructed
in 2017 and other recent infrastructure including Alfred Street Bridge and the Northern Foreshore boardwalk
were also not included. For the 1988 validation event, the hydraulic model has been modified to remove the
pedestrian portals through Lennox Bridge as these were constructed in 2014 and,the Briens Road flood relief
culverts which were constructed in 2006.

Hydrographs at selected locations are shown in Appendix C.

8.2.1 Water Level and Streamflow Gauges

Data for the water level and streamflow gauges that are located within the Study Area were collected and
reviewed. For each event, all gauge data was reviewed to ensure its suitability and reliability. Some gauges
were found to have missing data for some or all the duration ofithe historic events, and some gauges did not
have data available from data authorities.

The final set of appropriate gauges were selected and applied for-€ach hydraulic calibration model, as shown
in Table 8-4. A figure of these gauge locations is shown in Figure 15-5.

8.2.2 Calibration & Validation Modelling Results

The hydraulic modelling results are shown in Appendix C plotted against the gauged water level data in
basins and streamflow gauges for the following events:

o June 2016 event
e April 2015 event; and,
o April 1988 event.

In all three historic events, there is generally a consistent hydrograph shape when comparing the modelled
hydrograph and gauged data. This indicates a good catchment response in the hydrologic model.

8.2.2.1 June 2016 Event

In the June 2016 hydraulic calibration model, there is a good match to most gauges along Toongabbie Creek
and Parramatta River. The following observations are made:

There is a good correlation between the modelled and gauged flows seen at Marsden Street Weir
and Riverside Theatreto within 5%.

Flood levels are overestimated by 110mm at Marsden Street weir, however, it is noted that there
appears to be quite alot of noise and instability in the gauged water levels and flow values at the
peak of the eyent. As such, the accuracy of the gauge data is questionable and the peak value
could be slightly higher. Water levels and flows at Riverside Theatre show a strong correlation.

There is altendency that the modelled flows are lower in the upper reaches at Toongabbie Creek
(Redbank Road), Toongabbie Creek (Briens Road) and Toongabbie Creek (Johnstons Bridge)
gauges, when compared to gauged data.

The difference in flows is most pronounced at Briens Road where the modelled flows are 11%
lower than gauged flow data. This is believed to be due to storage in the area upstream of the
bridge which reduces flowrates for a given level when compared with the rating curve. This storage
is. also not modelled in the hydrology model which shows a good correlation with the gauged data.

Water'levels show a reasonable correlation to within +/- 400mm. The differences at Johnstons
Bridge are even less significant, with the estimated levels only 60mm lower than gauge levels.
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Validation of flood extents against historic photographs and videos is presented in Appendix C. This,shows
that for the available locations of documented flood extents, the model shows a similar behavieurto that
observed and documented.

8.2.2.2 April 2015 Event
For the April 2015 validation event, the following observations are made:

There is a good correlation between the modelled and gauged flows seen at'Marsden Street Weir
and Riverside Theatre.

Flood levels at Marsden Street Weir show a strong correlation, while water levels at Riverside
Theatre are slightly underestimated.

The Toongabbie Creek (Redbank Road) and Toongabbie Creek (Bfiens Road) gauges were
deemed to be unreliable for the April 2015 event due to poor data“fer flow,or water level being
provided, indicating a possible error with the gauge during the event:

The Toongabbie Creek (Redbank Road) gauge is likely unreliable when compared with other
gauges, the flows are at times higher than downstream gauges and.the water levels appear to
show some drift possibly due to instrument error.

In the calibration model, flows and water levels at most gauges tend to be slightly lower than that of
gauged levels.

However, the Darling Mills Creek and Loyalty Road Basin gauges show that the peak flows or
water levels are slightly overestimated in the hydrologic model. This indicates potentially additional
rainfall being assigned to these catchments that did\not occur (due to rainfall gauge limitations).

Validation of flood extents against historic photographs and videos is presented in Appendix C. This shows
that for the available locations of documented flood extents, the model shows a similar behaviour to that
observed and documented.
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Table 8-4

Water Level Gauge

Gauge Number

Water Level and Streamflow Gauges Used in Hydraulic Calibration Models

April 1988

Model

April 2015
Model

June 2016
Model

Comment

Blacktown Creek (International Peace Park) 567109 - v v Water level data only

Model Farms Creek (Sierra Place Basin) 567094 - - - Gauge not used for calibration (unreliable or no d

Toongabbie Creek (McCoy Park Basin) Unknown - v v Water level data only

Toongabbie Creek (Johnstons Bridge) 567058 - v v Water level data only (rating curve

Toongabbie Creek (Briens Road) 567074 v v v Stream flow data used in calibratio

Toongabbie Creek (Redbank Road) 567056 - v v Stream flow data use

Darling Mills Creek (Loyalty Road Basin) 567072 - v v Water level

Lake Parramatta Unknown - v v W

Darling Mills Creek (North Parramatta Viaduct) 567057 - v v St

Parramatta River at Cumberland Hospital 213282 - - Gauge not used for calibration (unreliable or no data available)
Parramatta River (Marsden Weir) 567107 Stream flow data used in calibration

Riverside Theatre 567112 Stream flow data used in calibration

Duck River (The Steps) 213209 Gauge not used for calibration (unreliable or no data available)
Lower Parramatta River (Silverwater Bridge) 213435 Water level data only

20 June 2023



@ Stantec 59916074/ 304600102 Final Draft Flood Study Report

Parramatta River Flood Study

8.2.2.3  April 1988 Event

In the April 1988 event hydrologic calibration model, only two gauges are available for validation =Marsden
Street Weir and Toongabbie Creek (Briens Road). The following observations are made:

There is a good fit between the modelled and gauged flows at Marsden Street Weir for/timing
volume while peak flows and peak levels are very close to the gauged values.

The calibration model shows significantly higher flows than the gauge at Toongabbie Creek (Briens
Road). It was likely that flows were large enough that water spilled into a flood-runner at
Toongabbie Creek (Briens Road) and bypassing the streamflow gauge, hence peak flows are
underestimated by the Briens Road rating curve for higher flows. This dikely-inaccuracy of the
Briens Road rating curve is noted in Molino Stewart (2014, pg. 42)

In addition to the above, historical observations provided in the Lower Parramatta, River Flood Study (SKM,
2005) have been used to validate the current model.

This comparison is shown in Appendix C. This shows that flood level estimates are a reasonable match to
the historical flood level between Charles Street Weir and Vineyard Creek confluence and at Silverwater
Road Bridge, while differences of 290-450mm are observed alongside-Gamelia at Morton Street and
Thackeray St. SKM note that the presented historical flood levels are either surveyed or estimated, but do
not indicate which have been estimated. The two reported values alongside Camellia may be low quality,
particularly as one value is higher than the upstream value at Vineyard Creek confluence. There is also no
significant hydraulic control in this area other than the Thackeray Street pipe bridge, which may have had
some blockage due to debris during the flood event, which is n6t represented in the calibration model setup.

Validation of flood extents against historic photographs and videos is presented in Appendix C. This shows
that for the available locations of documented flood extents; the'model shows a similar behaviour to that
observed and documented, however, the model appears to have generally lower flood levels. This would be
explained by the lower flows calculated by the hydrology.model: It is likely also related to changes in the
catchment and infrastructure which the current model.does'not represent for 1988 conditions leading to
differences in flood behaviour.

For example, at Lennox Bridge, the hydraulic model hasitwo pedestrian portals on either side of the bridge,
however, these were not present in 1988 and hence, water levels would be expected to be higher with only
the central arch of the bridge available for flow Genveyance.

8.3 Validation of Head Loss at'Bridge Structures

In order to confirm that the loss parameters usedin the TUFLOW model are appropriate, an assessment was
undertaken using the 1-dimensional HEC-RAS software at a selection of bridges. This assessment is
provided in a summary report in Appendix D-"The assessment shows a good correlation at the bridges
assessed and hence it is deemed that the\loss parameters being used in the TUFLOW models are
appropriate and provide a good representation of hydraulics at bridge structures.
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9 Model Scenarios

The following sections describe the model scenarios undertaken for the Parramatta River Flood Study.

9.1 Design Events and Durations

All mainstream and tributary models have been run for the 0.2%, 0.5%, 1%, 2%, 5%, 10%, 20%, 50%, 63%
AEP Storms and half-PMF and PMF event.

The following tables show the storm durations modelled for the different stage models. The critical durations
determined for flow from the hydrology model at key locations were used as a guide for the durations which
would be required to be modelled with the hydraulic model.

For the Mainstream model, given the critical duration of 12 hours in the hydrology model, the longer
durations from 1 hour to 36 hours were simulated.

For Tributary & Overland Flow models, critical durations ranged from shert 15min up to the 12hr event and
given the overland flow within these models, it was deemed appropriate.to-model the shorter durations up to
2 hours. There are some catchments where there are basins upstream and hence the critical durations are
longer than 2 hours and were also modelled.

The critical durations initially considered for modelling the FFA matched 1%AEP, Design 2%, 5%, 20% AEP
described in Table 9-1 and PMF are described in Table 9-2.

Table 9-1 Modelled Durations for the FFA matched 1%, Design 2%, 5%, 20% AEP Storms
Storm Durations Mainstream Model Trlbu::alt(r))\llva&((j)(%\;:rland
15 min . N v
20 min - v
25 min - v
30 min v v
45 min - v
1 hour V! v
1.5 hour v v
2 hour v v
3 hour v v*
6 hour v v*
9 hour v J*
12 hour v N4
18 hour v -
24 hour v -
v -

30 hour
36 hour -

* Longer durations were selectively run for the following models based on critical durations from the hydrology:

<

. Model'2 — Clay Cliff Creek

. Model 3 — Darling Mills, The Ponds, Subiaco, Vineyard and Brickfield Creeks
. Model 4 — Finlaysons, Coopers and Milsons Creeks

. Model 5 — Pendle Hill and Greystanes Creek

With reference to the historic events, it was found applying the pre-burst rainfall over a duration of 30 hours
across all events and durations would be appropriate. This allows for a consistent method of pre-burst
rainfall application across all events and durations, as well as achieving a pre-burst rainfall intensity that is
similar to that of the historic events.
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Pre-burst rainfall has been applied over 30 hours in the hydrology model with corresponding preb epth,
based on the historical storms preburst analysis of regional rainfall gauges. As part of the rai , this
preburst depth is temporal distributed as input time series to simulate the inflow hydrograph fo W
model. ARBM was applied instead of initial loss(IL)/continue loss(CL) to maintain consiste th the
UPRCT models. To achieve a base flow from the pre-burst rainfall prior to the burst, the N model
durations include 2 hours of pre-burst rainfall before the burst hydrograph is applied. A: e model
simulations start at hour 28 of the hydrograph. The starting would storage parameter mﬂ (the initial
losses effectively) were chosen from calibration to historical events, however, with t burst applied, the
an

soil is saturated when the burst storm event happens, so all the initial loss is taken ere is limited
impact on flows. K

Table 9-2 Modelled Storm Durations for the PMF

Tributary and Ovei!anad

Mainstream Model Flow Modeis

Storm Durations

15 min

30 min

45 min

1 hour

1.5 hour

2 hour

3 hour

4 hour

AN N N N S N N N N

5 hour

6 hour

<

critical durations that provide the highest flows and
modelling is presented in Figure 15-21 to Figure

Review of outcomes has provided a list of critic ions with a summary of the durations progressing to sensitivity
and final design assessment provide below in Tab . Note that for all additional events (i.e. 0.2%, 0.5%, 10%, 50%
and 63% AEP) the critical durations have been defined from the output of the XP-Rafts hydrological models.

Table 9-3 Modelled Critical Durations for #

Model

‘ Mainstream ClayCliff DarSub FinCoo Pendel

- Tuflow 3hrand 4P 45min,  45min,3hr  45min  15min  30min  30min,
l 2hr and 1hr 1hr
3hr an 45min , 45min , 3hr 45min 15min 30min 30min ,
0.5 PMF Tuflow 2hr and 1hr 1hr
y i
3hr a'nd 4 .5hr 20min , 45min, 1.5hr  20min, 20min 30min 30min
0.2% AEP XP-RAFT 1hr 45min and
30min
12 hours 20min, 1hr  45min and 20min 20min 20min, 30min
0.5% AEP  XP- T, 6hr and and 30min
45min 30min
FFA 2hr, 6hr and 12hr 20min, 4.5hr,  3hr 15min 6hr 2hr
Matched ufl 12hr 12hr and 6hr
1%AEP
o 2hr and 12hr 12hr 15min and 25min 20min 20min 15min
2%AEP w 12hr and 12hr  and 2hr
5%AE uflow 2hr and 6hr 3hr ;ﬁ:nin and 25min 20min 3hr 30min
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2hr and Shr 30min,1Thr  45min,2hr 30min 30min 30min 30min
10% AEP  XP-RAFTS

3hr, 4.5hr 2hr 1.5hr 45min 20min 1.5hr 1hr
20%AEP Tuflow and

1.5hr

2hr and 12hr 1hr 45min, 1.5hr 45min 45min 45min 1hr
50% AEP  XP-RAFTS

1hr and 3hr 1hr 45min,2hr 45min 45min 45min 30min
63%AEP XP-RAFTS

The above list represents the extent of Tuflow modelled outcomes that have been used,to genérate peak water level,
hazard and outcomes for each AEP event.

9.2 Tailwater Conditions

The adopted water levels at the downstream boundary of all hydraulic models were selected in accordance
with the NSW Floodplain Risk Management Guide - Modelling the/nteraction of Catchment Flooding and
Oceanic Inundation in Coastal Waterways (NSW OEH, 2015) replicated in Table 9-4.

Table 9-4 Combinations of Catchment Flooding and Oceanic InundationsScenarios (source: Table 8.1 OEH, 2015)
Design AEP for | Catchment | Ocean Water Level"| Comment/
peak Flood Boundary | Reference
levelsivelocities Scenario Scenario
50% AEP 50% AEP HHWS(SS) |/ Dynamic hydrograph can be taken from Appendix C
20% 20% AEP HHWS(SS} | with peak flood to coincide with HHWS(SS) highESt
P - peak for highest water levels
10% 10% AEP HHWS@S) Peak HHWS(SS) 1.25m AHD
5% 5% AEP HHWS(SS)
2% 2% AEP 5% AEP Dynamic ocean water level boundary hydrograph
Appendices A or B for relevant waterway type
1% Envelope level 5% AEP 1% AEP Envelope provides 1% AEP design flood estimate
1% Envelope level 1% AEP 5% AEP Dynamic ocean water level boundary hydrograph
Appendices A or B for relevant waterway type
1% Envelope velocity 1% AEP ISLW Dynamic hydrograph can be taken from Appendix C
with peak flood to coincide with ISLW lowest trough
for peak velocities in entrance.
| - | Fixed ISLW approx. -0.95m AHD
0.5% 0.5% AEP 1% AEP Dynamic ocean water level boundary hydrograph
0.2% 0.2% AEP 1% AEP Appendices A or B for relevant waterway type
PMF PMF 1% AEP
1% Catchment 1% HHWS(SS) Suggested envelopes for analysis of catchment
PMF Catchment PMF HHWS(SS) flooding only

Fixed tide levels for the Mainstream model were extracted from the Lower Parramatta River Flood Study
Review (SKM, 2005), which is'outlined in Section 3.1.2. The Mean High Water Spring Solstice (MHWSS)
was extracted from OEH NSW Tidal Planes Analysis — 1990-2010 Harmonic Analysis (Table A17, MHL,
2012) for the Sydney Port Jackson at HMAS Penguin gauge.

A summary of the adopted tailwater levels for Mainstream and Overland Flow Climate Change hydraulic
models is shown in, Table 9-5.
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Table 9-5 Hydraulic Model Tailwater Levels for Design Events

Mainstream Tailwater Level Tributary & Overland Flow Tailwater Levei
PMF Fixed 1% AEP Tide = 1.42m AHD Fixed Mainstream Peak FFA-Matched @
0.5PMF Flood Levels \

y

0.2% &
AEP
0.5% \
AEP

Fixed 5% AEP Tide = 1.34m AHD Fixed Mainstream Peak ood Levels
FFA-
Matched
1% AEP
2% AEP A_
5% AEP \
10% AEP
20% AEP | Fixed MHWSS Level = 0.995 mAHD Norma@utﬂow
50% AEP \
63% AEP \I

9.3 Sensitivity Analysis @
Sensitivity Analysis is undertaken to examine the e that varying parameters in the model has on results

such as changing model inputs or boundary conditions/or to investigate potential future scenarios for
prevailing catchment conditions.

Table 9-6 shows the Sensitivity Analysis S os that were investigated for the Mainstream model for the
Flood Study. Each analysis has been run for t itical duration events to capture the envelope of peak
flood level results for comparison with { dopted model setup for the FFA Match 1% AEP event using
ARR2019 Blockage as base event.

Table 9-6 Sensitivity Analysis Scenario

—

Sensitivity Scenario Description Base Event
SS1 +20% nings Roughness | Increase in the roughness value 1% FFA-Matched
applied to the materials layer by 20% of | AEP with ARR 19
adopted values Blockage
SS2 -20% Mémings Roughness | Decrease in the roughness value 1% FFA-Matched
applied to the materials layer by 20% of | AEP with ARR 19
adopted values Blockage
SS3 R87 — IFD and methods ARR87 IFD data and temporal patterns | ARR87 IFD

used. ARBM with 90% initial stores and
no pre-burst applied.

SS4 50% Blockage 50% blockage applied to all pits, pipe 1% FFA-Matched
culverts, and bridge and culvert AEP
structures with a diagonal length of
<6m
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SS5 Blockage — Critical 80% blockage applied to all pits, and | 1%.EFA-Matched

Structures 100% blockage applied to all pipe AEP
culverts, and bridge and culvert ‘
structures with a diagonal length of

<6m along tributaries. ‘

SS6 Tailwater - 5% AEP +0.3m Addition of 0.3m to the adopted®% 1% FFA-Matched
AEP tide level AEP with ARR 19

Blockage
SS7 Impact of Basin Removal Removal of regional detention systems | 1% FFA-Matched

— McCoy Park and Loyalty Road Basin | AEP with ARR 19

from the models Blockage
For SS3, models were run using the critical durations from previous modeéls,as a guide. A range of critical
durations were run for each model to obtain the envelope of peak levels at all'areas within the model.

For SS4, only culverts and bridges within the study area were blocked. Major structures under railway lines
at the upstream of models were left unblocked to allow flows to enter the study area. This allows assessment
of the impact of blockage of structures within the study area. Due 4o the limited number of small diameter
structures in the mainstream model, and the focus on the relative impacts of blockage along tributaries
adjacent to significant areas, this scenario was run only for the Tributary and Overland Flow models.

For SS6, only models with a tidal boundary have been simulated. This includes the mainstream model,
Vineyard and Subiaco Creeks and Clay Cliff Creek.

For SS7, impact of basin removal has been modelled by removing the McCoy Park Basin and Loyalty Road
Basins from the hydrology model and the revised inflows input the mainstream model. The mainstream
model topography was revised to remove the McCoy Park'basin embankment to flatten the terrain to
connect to the adjacent Pendle Hill Creek. All other parameters in the model were unchanged. Note that this
is not a Dam Break assessment but an assessment of/expected flood level if the basins were not
constructed.

9.4 Climate Change

It is widely accepted that Climate Change will lead to increases in global temperatures which will lead to
increases in the intensity of rainfall along with sea level rise. The NSW Government’s Floodplain
Development Manual (NSW Government, 2005) requires that flood studies and floodplain risk management
studies consider the impact of climate change (rainfall increase and sea level rise) on flood behaviour. This
Study has assessed the impacts on floeding of both climate change induced rainfall increases and sea level
rise using current industry guideliness

Climate Change scenarios tested have been adopted from ARR2019 along with consideration of the OEH
Floodplain Risk Management Guides; Modelling the Interaction of Catchment Flooding and Oceanic
Inundation in Coastal Waterways QEH (2015) and Practical Consideration of Climate Change (DECC, 2007).

Recognizing the significance of aceounting for potential climate change impacts, the consideration of design
criteria for flood risk management becomes crucial. The climate change scenario has been incorporated into
the analysis of the 1% AEP evéent, ensuring the resilience and adaptability of our flood risk management
strategies.

It is important to note/ however, that the extension of the climate change scenario to other AEP events has
not been included invthis study. The primary focus has been to assess and address the potential impact of
climate change for'the flood planning purposes, ensuring adequate protection for identified flood risk areas.

9.4.1 Rainfall Increase

Climate change predictions are made based on modelling changes to temperature and rainfall in global
climate models\for various Representative Concentration Pathways (RCPs), which consider projected
increasesin greenhouse gas concentrations. Temperature and rainfall for low, medium and high carbon
emissions scenarios for years up to 2090 for the Parramatta River catchment are shown in Table 9-7.

ARR2019 (Ball et al., 2019) recommends the use of RCP 4.5 and RCP 8.5 values. These values are
available,as a percentage that the rainfall should be factored by from the ARR Data Hub.
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Table 9-7 ARR Data Hub recommended Climate Change Data
RCP 4.5 RCP6.5 RCP &.5
Temperature REIE Temperature Rainfall Temperature Rainfall
Increase Increase Increase Increase Increase Increase
(°C) (°C) (°C)
2030 0.869 4.30% 0.783 3.90% 0.98 4.90%
2040 1.057 5.30% 1.014 5.10% 6.80%
2050 1.272 6.40% 1.236 % 9.00%
2060 1.488 7.50% 1.458 11.50%
2070 1.676 8.50% 1.691 14.20%
2080 1.81 9.20% 1.944 16.90%
2090 1.862 9.50% 2.227 19.70%
2150* - 11.50% - - - 28.5%

DPIE

Note: * Sourced from Ocean and Cryosphere in a Changing Climate - Su\ olicy Makers, IPCC WGI and LL Sept provided by

9.4.2 Climate Change Sea Level Rise V

Flood Risk Management Guide — Incorporating se benchmarks in flood risk assessments
(DECCW, 2010) references the NSW sea level ri g benchmarks in the NSW Sea Level Rise Policy
Statement (2009).

The NSW sea level rise planning benchmarks a increase above 1990 mean sea levels of 40cm by
2050, 90cm by 2100 and by 150cm by 2150 se benchmark figures were established by considering the

most credible national and international pr s of sea level rise for the NSW coast and take into
consideration the uncertainty associated with evel rise projections.

9.4.3 Climate Change Tidal Inun n

The 1% AEP design still water level o m AHD at Fort Denison as recommended in NSW Floodplain Risk
e’Interaction of Catchment Flooding and Oceanic Inundation in Coastal
& dopted for mapping the 1% tidal inundation envelope.

The impacts of sea level rise (in the absence of any catchment flooding event) for 2050 (1.85m AHD), 2100
(2.35m AHD) and 2150 (2.95 ) have also been mapped by adding the sea level rise planning
benchmark values to the 1% A ide level. This has been undertaken through mapping of areas below the
see level rise levels for each of these scenarios.

9.4.4 Climate Change Scénarios
Based on the above &fzrations, it was decided to run both the rainfall increase and expected

corresponding sea level risevinto each scenario for two future scenarios. Sea level rise affects the tidal areas
within the Study Area, which are limited to those areas downstream of Charles Street Weir.

Climate Change Sc ios assessed are provided in Table 9-8. Refer to Table 3-4, Table 3-5, Table 9-4 and

Table 9-5 for trvlon tailwater of climate Change Scenarios.

20 June 2023



@ Stantec 59916074/ 304600102 Final Draft Flood Study Report

Parramatta River Flood Study

Table 9-8 Climate Change Scenarios

Scenario Catchment | Adopted Rainfall | Sea Adopted Case Case
Event Mainstream | Increase | Level Boundary
Ocean Tide Rise Water
Surface

RCP4.5-2050 | FFA- 5% AEP — 1% FFA-
Matched 1% | 1.34m AHD Matched
AEP AEP with
ARR 19
Blockage
CC2 RCP8.5 -2050 | FFA- 5% AEP — 9.0% 1% FFA-
Matched 1% | 1.34m AHD Matched
AEP AEP with
Mainstream ARR 19
5% TWL Blockage
CC3 RCP4.5-2090 | FFA- 5% AEP — 9.5% 21 Mainstream: 1% FFA-
Matched 1% | 1.34m AHD +0.9m) | 2.24m AHD Matched
AEP Tributaries: AEP with
Mainstream ARR 19
5% TWL Blockage
CC4 RCP8.5-2090 | FFA- 5% AEP — 1% 2100 Mainstream: 1% FFA-
Matched 1% | 1.34m AHD (+0.9m) | 2.24m AHD Matched
AEP Tributaries: AEP with
Mainstream ARR 19
5% TWL Blockage
CC5* Tidal Inundation | N/A 2050 1.85m AHD -
+ 2050 SLR (+0.4m)
CC6* Tidal Inundation | N/A 2100 2.35m AHD -
+2100 SLR (+0.9m)
CcCc7 RCP4.5-2150 | FFA- 2150 Mainstream: 1% FFA-
+ Tidal Matched 1% (+1.5m) | 2.84m AHD Matched
Inundation + AEP Tributaries: AEP with
2150 SLR Mainstream | ARR 19
5% TWL Blockage
CCs8 RCP8.5-2150 | FFA- 5% AEP — 28.5% 2150 Mainstream: 1% FFA-
+ Tidal Ma % | 1.34m AHD (+1.5m) | 2.84m AHD Matched
Inundation + Al Tributaries: AEP with
2150 SLR Mainstream | ARR 19
5% TWL Blockage
and Zero
Blockage
CC9* Tidal Inundation /A 1% AEP — N/A 2150 2.95m AHD -
+2150 SLR 1.45m AHD (+1.5m)
* indicates “Mapping Only&z Tuflow modelling has been undertaken for these scenarios
For Tributary & Overland Flow models the increased rainfall scenarios were adopted in combination with the
5% AEP levels fr instream model as the downstream tailwater level. Since for each climate change

scenario, the tributa and mainstream models results are enveloped this approach is considered
reasonable.

Each mainstream'FFA matched 1% AEP CC scenario accounted for the correct SRL condition and the water
nds sufficiently into the tributary area and is above the affected region that will experience
ckwater. The enveloped result, which represents the maximum potential impact, would be
accurate.in ase. Hence, whether adopting a 5% AEP or climate change 5% AEP tailwater conditions,

A no significant difference in the overall outcomes. Both scenarios would yield comparable
ating that the chosen approach accounts for the anticipated flood conditions adequately.
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10 Modelling Outcomes

The following sections describe the results and processing of results for determining various flood behaviour
parameters.

All flood results are presented in the Appendices on a series of maps with an Index Sheet showing the Map
reference number for different areas of the catchment. The index sheet and map reference is consistent for
each flood parameter plotted.

10.1 Critical Duration

The hydraulic model was run for the durations outlined in Section 8 above and.the eritical duration for peak
flood levels at all locations within the models was determined. The critical durations are shown in Figure 15-
21 to Figure 15-25 for each event up to the PMF event. The results indicate that:

For the 1% and 2% AEP:
> the 2 hour, 6 hour and 12 hour durations are critical for ParramattaRiver and Toongabbie Creek;
> Arange of durations are critical for the tributaries and ovefland flow areas (refer Table 9-3);

> isolated areas in the Lower Parramatta River area exhibitia/36 hr critical duration. This includes
areas of Shell Oil in Camellia Peninsula and Wanngal Wetlands. This is likely due to water ponding
in these areas as there are no outlet structures conneeting to downstream areas.

For the PMF:
> the 3, 4 and 5 hr durations are critical for Parramatta River and Toongabbie Creek;
> 45 mins to 2hrs is critical for the lower end of most tributaries; and,

> 15 mins or 30 mins is the critical duration fof'most overland flow areas and upper tributary areas.

10.2 Peak Flood Levels, Extents andwDepths

Flood extent maps showing peak flood level contours and peak flood depths for the 20%, 5%, 2%, 1% AEP
and PMF design flood events are provided in Appendix F. The representative water levels are summarised
in the Table 10-1. For events up to the 1% AEP, flooding is largely contained within the channel banks of the
Parramatta River and its tributaries, with the majority of flooding occurring through overland flow. Mainstream
flooding largely affects some low-lying foreshore areas, but flood extents along the mainstream change
dramatically when flow is out of bank in/€vents rarer than the 2% AEP. The PMF affects large areas of the
Parramatta River floodplain as well as‘overland flow areas.

Table 10-1 Peak Flood Levels at Key Lo€ations

Location 20% AEP 5% AEP 2% AEP FFA-Matched
1% AEP

W' (m AHD) \ WL (m AHD) WL (m AHD) WL (m AHD) WL (m AHD)

McCoy Park Basin 6.14 26.71 27.27 28.19 30.25
Toongabbie Creek (Johnstons 2348 2496 24 67 2533 29.55
Bridge) 2 ’ ’ ) ) ’
ULl Al (BN 12.53 13.20 13.47 14.98 19.76
Road) 2

Toongabbie Cree edbank

Road) Q 10.45 11.08 11.29 12.20 18.72
Marsden Stree 6.10 6.55 6.70 7.95 14.66
Riverside T 4.91 5.69 5.92 7.41 14.01
D/S Silverwat ge 1.30 1.58 1.85 2.27 5.63
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10.2.2 Mainstream Flood Behaviour

Flooding during events up to and including the 2% AEP event is generally contained within the ehannel
banks of the Toongabbie Creek/Parramatta River and its tributaries. Increased areas are expectedto
experience overbank flooding in the FFA matched 1% AEP event, including but not limited to the following
locations:

Pendle Hill Creek, immediately upstream of the Fitzwilliam Road crossing —depth of,over-bank
flooding upstream of the Fitzwilliam Road crossing and also at the crossing reach up to 1.1 metres.

Toongabbie, immediately downstream of McCoy Park Basin — flood 0.2 to™.2 meters in the
roadways, with some localised areas of more than 1.5 metre at sag-points.

Bogalara Creek, upstream of its Old Windsor Road crossing — flows arestored behind the Old
Windsor Road embankment and causes flood depths of 0.1 to 1.1 metres at neighbouring
properties depending on its proximity to the Creek.

Clay CIiff Creek, in the vicinity of the Hassall Street and JamesRuse Drive intersection — flows
from Clay Cliff Creek are expected to spill onto roadways and {properties in the area. Localised
peak flood depths of 2.1 metres are expected on James Ruse Drive;;and 2.3 metres on Oak
Street. Some properties immediately adjacent to Clay Cliff Creek are expected to be inundated up
to 2.3 metres.

Camellia — flood depths are generally less than 0.6 metersiwithin Camellia.

A significant amount of flow is expected to spill into the Parramatta River floodplain in the Probable
Maximum Flood, affecting a large number of properties. Flood depths along the Parramatta River floodplain
are expected to be less than 2.5 metres at most locations. Areas where flood depths are greater include, but
are not limited to, the following:

Toongabbie Creek, immediately downstream of McCoy Park Basin — flood depths in the residential
area south of Toongabbie Creek, behind ChanehSt levee are expected to be approximately 5.0
metres.

Finlaysons Creek and Coopers Creek confluences with Parramatta River — flood depths in this
residential area in the vicinity of these confluences are expected to reach approximately 5.3
metres.

Parramatta CBD - flood depths within‘Parramatta CBD are expected to reach up to 6.0 metres.

Clay CIiff Creek, in the vicinity of Hassall Street and James Ruse Drive intersection — a large area
in the vicinity of this road intersection is‘expected to be inundated to a depth of more than 5.5
metres.

The Camellia peninsula industrial area bounded by Duck River and Parramatta River — this area is
expected to be generally inundated to depths of more than 2.5 metres.

Ermington Naval Storage Depot Site — this redeveloped residential site is expected to be
completely inundated swithiflood depths expected to reach more than 3.0 metres.

10.2.3  Tributaries and Overland Flood Behaviour

10.2.3.1 Greystanes (Girraween) Creek and Pendle Hill Creek

Flows are largely contained within the Pendle Creek channel in the 5% AEP event with overtopping of banks
occurring during larger events, downstream of the railway and around Fitzwilliam Road/Station Road and the
confluence with Greystanes Creek including residences in Woodlawn Drive and Piquet Place.

Extensive inundation isfseen throughout the Toongabbie residential area between Fitzwilliam Road and
Chanel St levee foruall modelled events.

There are various*oyverland flow paths through the suburbs of Toongabbie, Old Toongabbie, Pendle Hill and
Constitution Hill ("Appendix Sheet F5.6 and F5.14).

In a PMF event, significant flood depths would be experienced through the Toongabbie area adjacent to
Toongabbie,Creek.
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10.2.3.2 Coopers, Finlaysons and Milsons Creeks

In frequent events (less than the 5% AEP), flows are largely contained to the channels, with some flood
impact to adjacent properties and shallow overland flow paths upstream of Cumberland Highway on’ Coopers
Creek and between Wentworth Avenue and Darcy Road on all creeks.

For intermediate to rare events up to the FFA matched 1% AEP event, additional depthsiof floeding are
experienced, with slightly larger areas are inundated.

During the PMF, the whole area becomes inundated to great depths from the Parramatta‘River to the
railway.

10.2.3.3 Domain Creek

Inundation along Domain Creek is limited to parkland with no impact to surrodnding'properties. During the
PMF, flood levels are expected to begin impacting adjacent properties to théawest:

10.2.3.4 Clay ClIiff Creek

Clay CIliff Creek catchment will experience extensive flooding through streets and properties through
Parramatta CBD, Harris Park and Rosehill, largely due to the large nimber of road crossings which do not
have 1% AEP capacity and due to backwater from the Parramatta River.

Even in the 20% AEP, many roads are affected, in particular James,Ruse Drive near Hassall St and Oaks St.

During the PMF, the entire area is inundated.

10.2.3.5 Subiaco Creek, The Ponds Creek and Vineyard Creek

Flows are generally contained within the banks of the creeks,with some impact to adjacent properties which
back onto the creeks, particularly the industrial areas at the downstream of Subiaco and Vineyard Creeks.

Various overland flow paths exist through Dundas, Rydalmere and Ermington.

Victoria Road and Kissing Point Road would be overtopped in a 1% AEP with high flood depths upstream of
Kissing Point Road near Larnook Close.

Flows in the PMF are deeper and wider along existing flowpaths. Some additional storage is seen upstream
of Kissing Point Road and Silverwater Road. Widespread flooding is observed in the Rydalmere industrial
area between Railway St and Clyde St between Victoria Road and the Paramatta River.

10.2.3.6  Brickfield Creek

Flooding is experienced in streets and through properties in North Parramatta for all events including
Brickfield St, Mason St, Isabella St and Fennell St. With larger events, more streets and properties become
inundated with widespread inundation during the PMF.

10.2.3.7 Hunts Creek and Darling Mills|Creek

The industrial area including Board Street, Church Street, Boundary Street and up to James Ruse Drive are
impacted by flooding in the 20% AEP event and larger.

During a PMF, the backwater from Parramatta River results in large flood depths through this area.

10.2.3.8 Quarry Branch Creek

This area is largely characterised by overland flows through Winston Hills, some flowing into Toongabbie
Creek, Northmead Gully and Quarry Branch Creek and some flowing north to James Ruse Drive. For smaller
events, overland flows are confined to the streets except in Baulkham Hills where flowpaths through
properties exist.

During the 1% AEP and"PMF, flow depths can become quite deep within properties due to water ponding up
against buildings,where flowpaths transverse streets.

10.2.3.9 Wpper Devlins and Terrys Creeks

Overland flowpaths occur through the rear of properties in Epping from Hermington Street and Edenlee
Street through Boronia Park to Carlingford Road. In the 1% AEP flood depths of greater than 0.5 meters
occurn Carlingford Road.
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Along Terrys Creek, in a 20% AEP, flows largely follow the urban drainage channel/waterway with overland
flow occurring through residential areas along the following flowpaths:
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o from Mobbs Lane, Marook Street to Raimonde Road and Valley Road;
e Cottee Drive, Lomax Street and Ferntree Place;
e Midson Road, Cavan Drive, Skenes Avenue and Holway Street.

Depths increase for larger events with depths greater than 1.5m experienced along the flewpaths in a PMF.

10.3 Comparison with Previous MIKE 11 Model Results

There are two main studies for comparison of flood levels with previous studies.The UPRCT Upper
Parramatta River MIKE11 modelling work, which is largely undocumented, and,the kower Parramatta River
Flood Study (SKM, 2005). Available MIKE11 results are a composite of the WPRCT, Draft 9 MIKE 11 model
upstream of Charles Street Weir and the SKM Lower Parramatta River Flood /Study MIKE 11 model
downstream of Charles Street Weir. Flood extents for the 1% AEP event and the PMF event from the current
2019 TUFLOW Flood Study compared with previous MIKE 11 modelling:are shown in Figure 15-26 and
Figure 15-27, respectively.

Peak flood levels have been extracted from the TUFLOW model at/MIKE11 cross-section locations along the
mainstream channels. The peak water level for previous MIKE11 fesults, 2019 TUFLOW results and water
level differences are provided in Figure C1 to Figure C19 and tabulated in Table C7 in Appendix C. Table
C7 provides water level differences for each design event as well as a comparison with the 2019 TUFLOW
model using ARRB87 flows.

10.3.1 Flow Rates
A comparison of flow rates at key locations along the mainstream channels is shown in Table 10-2.

Table 10-2 Comparison of flow rates 2019 TUFLOW vs MIKE 4+

MIKE11 Current Study Current Study

Event (ARRE7) (ARR2019) (ARR87)
Location Flow (m3/s)

PMF Marsden Street Weir 063 3080 -
D/S Silverwater Bridge 3150 4251 -

FFA- Marsden Street Weir = 729 727 595

Matched

19 Aep | DIS Silverwater Bridge 1344 1205 1004

2% AEP Marsden Street Weir A‘) 665 508 -
D/S Silverwater Bridge 1224 828 -

5% AEP Marsden Street Wﬁ Y, - 534 469 -
D/S Silverwater Bridge 1070 742 -

20% AEP Marsden Street Weir - 418 335 -
D/S Silverwater Bridge 862 520 -

NB: Values at Marsden Street,are extracted from UPRCT Draft 9 MIKE 11 model values for downstream Silverwater Road Bridge are
extracted from the SKM Lower Parramatta River Flood Study MIKE 11 model

The table shows the differences in design flood event flow estimates derived from the two different Australian
Rainfall and Runoffiersions i.e. ARR87 compared with ARR2019. Flows have reduced for all events except
the PMF (PMF methodology is unchanged between ARR2019 and ARR1987 and is in accordance with the
Generalised Short Duration Method — BoM, 2003) and the FFA adjusted 1% AEP event. Increases in the
PMF are attributable to a correction in the setup of Sierra Place Basin.

10.3.2  Current Flood Study vs Previous MIKE 11 Flood Studies

The comparison of flood levels in Table C7 shot the s that for flows up to and including the 2% AEP event,
2019 TUFLOW model results are generally lower than the UPRCT/SKM MIKE11 flood levels by for the
Upper Parramatta River, however, the extents are generally consistent within the mainstream channels. The

20 June 2023



@ Stantec 59916074/ 304600102 Final Draft Flood Study Report

Parramatta River Flood Study

2019 TUFLOW model 1% AEP levels for the Upper Parramatta River are generally higher than UPRCT/SKM
MIKE11 flood levels due to the application of FFA.

All areas downstream of Charles Street Weir are typically lower in the Current Flood Studywhen, compared
to the Lower Parramatta River Flood Study (SKM, 2005) results. This is primarily due to the significant
difference in flows.

There are localised water levels that are significantly lower than MIKE11 (more than 2m) as well as localised
increases (up to a few meters) at some locations, particularly upstream of structures/that have either been
updated with new survey or new structures included since the previous modelling. For example, large
decreases are observed upstream of Hammers Road, due to new bathymetric survey'data while increases
are observed upstream of Peter Parade levee, which was not included in the MIKE 44,models.

Notable flood extent reductions in the 1% AEP are observed in Clay Cliff Creek, Brickfield Creek, Vineyard
Creek, Subiaco Creek and The Ponds Creek catchments as well as along Duck'River.

Comparison of PMF results with previous MIKE 11 modelling shows lower.flood levels predicted in the
current study for most areas upstream of Marsden Street Weir, despite PMF flow estimates being higher
than UPRCT estimates. This is largely attributable to changes in model setup.with additional survey and
revised structure representation as per the reasons listed below. The PMF results demonstrate that
increased accuracy of the TUFLOW model (over the MIKE 11 model) produces overall lower water levels
despite higher PMF peak flows.

Further, the previous MIKE11 model used cross-sections to model the river and these sections did not all
extend far enough laterally to represent the full cross-sectional topography and flood width accurately.
Hence, the MIKE11 model would tend to provide walls at the'side of each cross-section, artificially reducing
the cross-sectional flow area and thereby increasing flow depthsfor a given flow. The 1d model also did not
necessarily represent all break out flow paths and in some areas,forced flow to be directed according to the
1d model setup rather than bypassing to other areas which occurs in the 2d model.

For both the FFA matched 1% AEP and PMF, substantial.additional flood areas are observed in overland
areas, which were not previously modelled, but have,been included in the current TUFLOW model. The PMF
was also previously not mapped in Vineyard Creek;, Subiaco Creek and The Ponds Creek catchments.

Differences between the current Flood Study and the previous UPRCT model results are explained by
differences in model inputs and modelling techniquessincluding:

Design flood event flow estimates{using ARR2019 are lower than those previously adopted by
Council (ARR87) for events up to andiincluding the 2% AEP leading to lower flood extents and
depths;

two-dimensional modelling being used in the current Flood Study which more accurately represents
flow across floodplains and overland areas compared with one-dimensional modelling;

the Inclusion of building footprints in the current model;

newly collected bathymetri¢c,survey of Toongabbie Creek between Old Windsor Road and the weir
downstream of Cumberland Hospital and Domain Creek;

newly acquired survey ofinumerous hydraulic structures throughout the study area which have
been incorporated in the model;

the inclusion of new‘structures which have been built since the previous modelling was undertaken
such as Peter Parade levee, Chanel St and Edison Pde;

incorporation of the pedestrian portals through Lennox Bridge which were opened in late 2014. The
effect of the portals is to lower water levels upstream of Lennox Bridge and allow more flow through
the structure’and hence increase flows and flood levels downstream of the bridge;

incorporation of developments that have occurred since the previous Flood Study and major
infrastructure including the new Parramatta Stadium and the soon to be constructed Alfred St
bridge;

Adoption of a different tailwater level leading to influences on water levels downstream of Charles
Street Weir; and,

> Modelling and mapping of additional overland areas not previously modelled.
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10.3.3 Model Setup Comparison

To demonstrate the flood level differences that are related to changes in model setup between the previous
MIKE11 models and the current 2019 TUFLOW model, comparisons using ARR87 flow estimates in each
model are made. It is not possible to use the previous flood study model inflows due to the differences in
techniques across the different models and changes to the hydraulic model inflow locationsyStantec have
run the current hydrology model using ARR87 techniques and estimated the ARR87 1% AEP flow as
692m?3/s at Marsden Street Weir which is comparable to the UPRCT MIKE 11 1% AEP flow of 729m3/s to
within 5%.

When the TUFLOW model was run using ARR87 flows, results (Table C7) show that'with similar (within 5%)
flows to the MIKE 11 model, the TUFLOW model predicts generally similar levels andwextents to the MIKE 11
model. However, there are localised differences which can be explained at eachilocation by a change in the
model setup. Areas where increases in flood level are observed along the mainstream channels compared
with MIKE11 results, despite the slightly lower flows, include:

Higher flood levels of between 0-0.4 m between McCoy Park Basin‘outlet and Peter Parade Levee
— this is due to the natural constriction of the river channel near the'levee causing a backwater
upstream. This constriction was not represented in the MIKE11'model due to the constriction lying
between two cross-sections;

Higher flood levels of up to 1.9 m along Toongabbie Creek upstream of Old Windsor crossing new
survey and revised bridge setup

Areas where decreases in flood level are observed along the mainstream channel compared with MIKE11
results include:

Lower levels within McCoy Park basin using new,survey-data;

Lower flood levels upstream of Briens Road Bridge using new survey and revised bridge setup;
and

Lower levels upstream of Lennox Bridge and Marsden Street Weir due to changes to model setup
and use of more accurate bathymetry information, new survey of Marsden Street Weir and Lennox
Bridge.

Lower flood levels of up to 0.6 m between Briens Road and Cumberland Hospital due to new
bathymetric survey data and also likely duesto storage upstream of Briens Road;

Lower flood levels upstream of Lennox Bridge due to the inclusion of the pedestrian portals
constructed in 2014; and

Lower flood levels downstream of Lennox Bridge, due to the lower flows compared with those used
in Lower Parramatta River Flood/Study MIKE 11 model (SKM, 2005).

10.3.4 Comparison of Hydrology Methods

Comparing results for ARR87 and'FFA-matched ARR2019 using the TUFLOW model (Table C7) shows that
just due to changes in flows, flood levels are on average 0.64m higher using ARR87 flows in the Upper
Parramatta River. The difference is variable as larger flows are often constricted more at bridges and other
hydraulic controls, hence have ahigher localised flood level. Through the Lower Parramatta River, the FFA-
matched ARR2019 flood levels are on average 0.56m higher compared to ARR87 levels.

10.4  Flow Velogities
Flow velocity maps are provided in Appendix G.

Flow velocities in the 1% AEP event are generally between 2 to 4 m/s within the Parramatta River and
between 2 to 3 m/swwithin tributaries. Overland flow velocities across the Study Area are generally limited to
less than 1 m/s, with some localised kerbside flows of up to 2 m/s at some locations.

Flow velocities inithe Probable Maximum Flood generally vary from 2 to 4 m/s Upper Parramatta River from
4 to 6 m/s insthe Lower Parramatta River. Flow velocities within tributaries generally vary from 3 to 6 m/s.
Most overland flowrvelocities are expected to be limited to less than 2 m/s, with few localised roadway flows
that exceed'6'm/s.
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10.5 Flooding at Major Hydraulic Controls

Flood Profiles showing peak flood levels along the Toongabbie Creek and Parramatta River mainstream
channels and all named tributaries are provided in Appendix K.

10.5.1 Mainstream

Observation of the flood profiles shows that the major hydraulic controls along Parramatta River and
Toongabbie Creek in the FFA matched 1% AEP include:

> Natural channel constriction near Wharf Road, Melrose Park, downstreamtef Wanngal Wetlands
> Duck River confluence and Silverwater Road Bridge;

> Charles Street Weir;

> Barry Wilde Bridge;

> Lennox Bridge;

> Marsden Street Weir and Bernie Banton Bridge;

> Weir south of Cumberland Hospital;

> Natural Channel constriction downstream of Mons Road'Bridge;
> Briens Road Bridge and Finlaysons Creek confluence;

> Old Windsor Road Bridge/NW Transitway;

> Quarry Branch Creek Confluence;

> natural channel constriction near Peter Parade Levee;

> Johnstons Bridge; and,

> McCoy Park Basin outlet/Pendle Creek confluence.

In the PMF, additional hydraulic controls are observed at:

> Channel morphology adjacent to Melroese Park and downstream of Wanngal Wetlands where the
channel narrows; and,

> Between Thackeray Street pedestrian bridge and Subiaco Creek confluence.

10.5.2  Tributary and Overland Flow

Maijor hydraulic controls along each tributary are shown in Table 10-3.

Table 10-3 Major hydraulic control$ along tributaries

Tributary Major Hydraulic Control

Greystanes (Girraween) Crei( - Station Road Culvert

- Railway Line and Portico Parade

- Barangaroo Road Bridge

Pendle Hill CreekQ& - Fitzwilliam Road Culvert

—  Culvert under industrial area at rear of 120 Bellendella Road
- Wentworth Ave and Railway Culverts

Bogalar: - Old Windsor Road and NW Transitway bridges

Coo ek - Fulton Avenue Bridge
—~ Cumberland Highway Culverts
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Tributary Major Hydraulic Control
- Darcy Road Bridge
Wentworth Avenue and Railway Culverts < !

Finlaysons Creek - Milsons Creek Confluence/Briens Road/HighwElow Culverts

Darcy Road Bridge

Wentworth Avenue and Railway Culverts

Milsons Creek Darcy Road Bridge/Westmead Pri ospital undercroft
grated inlet \

- Wentworth Avenue and Rail\m erts

Domain Creek Weirs upstream of confluencewith Paramatta River

- Internal Access Road Crossing — near Jessie Street

Clay Cliff Creek ~ Arthur Street Culv \
- Alfred Street Culvert
- Harris Street ge
- Wigram Streew
- Parkes Stree tation Street connector culvert
= AndersNtre?Io Jubilee Street connector culvert
~ Chur t to Anderson Street connector culvert

- In eet Bridge
@sde Street Bridge

Subiaco Creek

Cycleway footbridge
-~ “Park Road Bridge
Ellimatta Street Footbridge

— Kirby Street Bridge and Footbridge
Silverwater Road Bridge (PMF)

Cross Street

C

The Ponds Creek - Bennetts Road West footbridge
- Kissing Point Road Bridge
Sturt Street Bridge

Ponds Creek Reserve Footbridge

Vineyard Creek & - Victoria Road Bridge
Q Robert Street
Brickfi e:

- Kissing Point Road (PMF)

Tulong Avenue footbridge and sewer pipeline (PMF)

Wilde Avenue Culverts

- Ross Street to Victoria Road trunk drainage culvert

Carlingford Railway Bridge (PMF)
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Tributary Major Hydraulic Control
~ Doyle Ground/Fennell Street
James Ruse Drive bridge < !

Hunts Creek - James Ruse Drive bridge

Lake Parramatta Dam

Pipe Crossing near Board Street \
Church St/Windsor Road @

o

Darling Mills Creek

Quarry Branch Creek - Moxhams Road Bridge
Churchill Drive Bridge

. : N
Devlins Creek - Carlingford Road
- Kent Street Bridge
- Midson Road /
Terrys Creek - Terry Road

- Holway Street
Valley Road Culvert
Mobbs Lane Bridge

10.6 Hazard and Hydraulic Categories

10.6.1 Flood Hazard

Flood hazard is determined through a relationship developed between the depth and velocity of floodwaters
and is based strictly on hydraulic considerations.

Historically, the criteria for these relationships have been taken from the NSW Floodplain Development
Manual (Appendix L; NSW Government, 2005). The Manual defines two major categories for provisional
hazard — high and low. A third minor transitional category is also included that requires further investigation
of the site in question to define the hazard category.

The FDM hazard curves are shown in Figure 10-1.

Recently, a new method of hazard eategorisation has been developed by the revised AR&R manual (Book 6:
Flood Hydraulics, Section 7.2.7), The classification is still based on depth and velocity but utilises six
categories based on the stability of'ehildren, adults, the elderly and vehicles in flood waters.

The ARR2019 hazard curves gre shown in Figure 10-2.

The results based on the hazard mapping for the ARR19 Hazard curves are provided in Appendix H.
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Within the Parramatta River, the FFA-Matched 1% AEP flood hazard is predominately classed as H6, as a
result of the significant depths that occur not just within the river channel but also on some of the"overbank
areas. The depths and velocity make mainstream Parramatta River flooding hazardous for both pedestrians
and vehicles. As a result of the relatively steep banks along the River, the fringe of lower hazards,are
relatively small. That is, the transition from H6 hazard to flood-free occurs very quickly, with little lower
hazard flooding occurring in between.

For the tributaries, the hazard mapping shows that FFA-Matched 1% AEP H6 hazard‘areas are largely
contained within creek and river systems. Most tributaries are fairly incised, and hence have overbank areas
that are classified as H3 hazard or lower. However, H5 hazard is expected in overbank areas along Hunts
Creek, Darling Mills Creek and Duck Creek. James Ruse Drive near Hassall St and the 'surrounding roads
are subject to H4 and H5 Hazard in the FFA-Matched 1% AEP event. Some patts of the River Road W is
subject to H6 Hazard.

For most overland flow paths, a H1 to H2 hazard is expected, and are generally safe for people, larger
vehicles and buildings, based on the AR&R hazard categories. There are some localised areas of H3 Hazard
along some roads in the FFA-Matched 1% AEP event which is unsafe for vehicles and people,

In the PMF, H3 to H6 hazard regions dominate the flood extent, with only\the.outer flood fringe classed as
H1 to H2 hazard. These H5 to H6 hazard regions may impact properties along Toongabbie Creek,
Parramatta River, Pendle Hill Creek, Bogalara Creek, Coopers Creek, and Finlaysons Creek. Other
significant areas that are greatly affected by H5 to H6 hazards in the PMFE'include Parramatta CBD, Western
Sydney University (adjacent to Parramatta River), Westmead Hospitaly,and Camellia. Property flooding is
classed between H1 to H2 hazard further away from major watercourses, as is the PMF flooding occurring
across properties along overland flow areas.

10.6.2 Hydraulic Categories

Hydraulic categorisation of the floodplain is used in the development of the Floodplain Risk Management
Plan. The Floodplain Development Manual (2005) defines,flood prone land to be one of the following three
hydraulic categories:

Floodway - Areas that convey a significantiportion of the flow. These are areas that, even if
partially blocked, would cause a significantincrease in flood levels or a significant redistribution of
flood flows, which may adversely affect otherjareas.

Flood Storage - Areas that are importantin the temporary storage of the floodwater during the
passage of the flood. If the area is‘substantially removed by levees or fill it will result in elevated
water levels and/or elevated discharges. Flood Storage areas, if completely blocked would cause
peak flood levels to increase by 0.1m and/or would cause the peak discharge to increase by more
than 10%.

Flood Fringe - Remaining area of flood prone land, after Floodway and Flood Storage areas have
been defined. Blockage orfilling of this area will not have any significant effect on the flood pattern
or flood levels.

Floodways were determined for'the FFA matched 1% AEP event by considering those model branches that
conveyed a significant portion/of the total flow. These branches, if blocked or removed, would cause a
significant redistribution of the flow. The criteria used to define the floodways are described below (based on
Howells et al, 2003).

As a minimum, the floodway was assumed to follow the creek line from bank to bank. In addition, the
following depth and velocity criteria were used to define a floodway:

Velocity x Depthwproduct must be greater than 0.25 m?/s and velocity must be greater than 0.25
m/s; OR,

Velocity isigreater than 1 m/s.

Flood storage was'defined as those areas outside the floodway, which if completely filled would cause peak
flood levels to increase by 0.1m and/or would cause peak discharge anywhere to increase by more than
10%. The criteria were applied to the model results as described below.

To determinethe limits of 10% conveyance in a cross-section, the depth was determined at which 10% of
the flow.was conveyed. This depth, averaged over several cross-sections, was found to be 0.2m (Howells et
al, 2003). Thus, the criteria used to determine the flood storage is:

Depth greater than 0.2m
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Not classified as floodway.

All areas that were not categorised as Floodway or Flood Storage, but still fell within the flood extent, are
represented as Flood Fringe.

Hydraulic Categories as determined by the above methods are provided in Appendix I.

10.7 Flood Risk Precincts

Flood Risk Precincts for the Study Area were prepared according to the classification provided by City of
Parramatta, as shown in Table 10-4. Flood Risk Precincts maps are provided in Appendix J.

Table 10-4 City of Parramatta Council Flood Risk Precincts
cChiica! D

= Frequent flooding is common

= Near the main river and creeks where water High hazard flood area within
High Risk Area flows during a flood, including overflow from the FFA-Matched 1% annual
drainage exceedance probability (AEP)
= This area will see the fastest flowing and (1:100)

deepest water and cause a significant risk to life
= Frequent flooding will be rare
= Where the flood water goes once the creek/river Medium and low hazard area in
Medium Risk Area areas overflow the FFA-Matched 1% AEP
= |nrare floods these areas have the potential for (1:100)
deep and fast flowing water
= Flooding is extremely rare
= Generally, away from the river or creek and Area from the FFA-Matched 1%
Low Risk Area higher up AEP (1:100) up to the Probable
= If a flood affects these areas it will cover alarge ~ Maximum Flood
area with dangerous water iny/many places

Area outside the Probable
Maximum Flood. There may still
be isolated impacts from local
overland flow.

Not expected to flood but therestill could be local
Everywhere Else incidents of water runnifig,off the land and of street
drainage not coping with,rainfall amounts.

High Flood Risk Precincts are generallydimited to areas within the Parramatta River channels and its
tributaries. Some overbank areas are classified as High Flood Risk Precincts, which include (but are not
limited to):

Clay CIiff Creek, in the vicinity of the Hassall Street and James Ruse Drive intersection; and,
Finlaysons Creek; in the viginity of its confluence with Parramatta River.
Isolated High Flood Risk occurs inflocal overland flowpaths including the following areas:
Baulkham Hills and Winsten Hills (Map 3)
Carlingford (Map 5)
Toongabbie (Map 6)
Winston Hills, Old,Toongabbie and Constitution Hill (Map 7)
Westmead (Map 15, 16, 22 and 23)
Dundas, Oatlands and Rydalmere (Map 25)
Harris Rark and Rosehill (Map 29)

Medium Flooed Risk covers large parts of the Study Area and Low Flood Risk also affects a significant
number,ofiproperties related to the PMF extent.

All other.areas can be seen in more detail in the Flood Risk Precinct maps in Appendix J.

Flood Risk in relation to planning and emergency responses is further discussed in Section 11.
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10.8 Flood Planning Area

Parramatta Development Control Plan 2011 (CoP, 2011) provides a matrix of flood planning controls that set
the Flood Planning Level (FPL) depending on the land use type and the flood risk. The Flood Planning Level
(FPL) is typically defined as the 1% AEP flood event plus 500mm freeboard for most residential and
commercial developments in high and medium flood risk zones.

Climate Change considerations show that flood levels may be expected to increase by up to 500mm for
2050 scenarios and approximately 600mm for 2090 scenarios in the Upper Parramatta River areas. Lower
Parramatta River areas may expect increases of up to 1100mm for the 2150 scenario. On this basis, a
500mm freeboard on FFA Matched 1% AEP flood levels predicted in the revised Parramatta River Flood
Study is appropriate to account for uncertainties and Climate Change, albeit not both™“Therefore this study
considered adopting a 1% AEP with Climate Change for 2150 scenario (28.5% rainfall increase +1.5m SLR)
as the base flood level with 500mm freeboard added to form the flood planningievel* This will then account
for longer term Climate Change as well as potential blockage impacts.

The Flood Planning Area (FPA) has been determined by adding 500mm freeboard to the envelope of the
following scenarios and extending the surface laterally to intersect with the adjacent terrain to define the area
within the FPL and extending the surface laterally to intersect with the adjacent terrain to define the area
within the FPL.:

FFA-matched 1% AEP with no drainage blockage applied;

FFA-matched 1% AEP with ARR2019 drainage blockage applied;

CC8 (RCP8.5 — 2150 + Tidal Inundation + 2150 SLR) with no drainage blockage applied;

CC8 (RCP8.5 — 2150 + Tidal Inundation + 2150 SLR). with ARR2019 drainage blockage applied.

In particular for overland flow areas with shallower depths, the'EPA has been clipped to the PMF extent as
this is defined as the credible limit of flood affectation.

Further consideration may be given to filtering shallow"depth“overland flows and ensuring areas sensitive to
blockage and Climate Change impacts are fully considered in the Flood Planning Area.

Draft Flood Planning Areas maps are provided in Appendix L.

10.9 Sensitivity Analysis

Results of Sensitivity Analysis scenarios are presented in Appendix M as peak water level and depth maps,
along with water level difference plots comparedywith the adopted FFA matched 1% AEP event peak water
levels. Difference maps have been derived by subtracting the FFA matched 1% AEP event water surface
level (presented in Appendix F) from the Sensitivity Scenario water surface level. Areas that were dry in the
FFA matched 1% AEP, but experiencexflooding in the Sensitivity Scenario are indicated as “Was dry, now
wet”. Areas that were flooded in the FEA matched 1% AEP event, but are no longer flooded in the Sensitivity
Scenario are indicated as “Was wet, now dry”.

Peak water levels for each Sensitivity,Analysis scenario are shown in Table 10-5 at the water level gauging
stations along Toongabbie Creek and Parramatta River and in Table 10-6 at reference locations along
tributaries. The tables also show,water level difference compared to the adopted 1% AEP peak water levels.
Reference locations are shown in Figure 15-28.

The below sections describe the impacts on flood levels through varying parameters as part of the analysis.

10.9.1 Manning’s Roughness

Maps M2 and M4 insAppendix M show the peak water levels and depth for the 20% increase and 20%
decrease in roughness/respectively. Water level difference plots for the 20% increase and 20% decrease in
roughness are provided in Maps M3 and M5 in Appendix M respectively.

Table 10-5 and,Table 10-6 provides peak water levels and water level difference for +/- 20% Manning
Roughness values for the FFA matched 1% AEP design event.

For increasgd Mannings Roughness:

Fleod levels increase generally by 100-200mm along Parramatta River and its tributaries with
minimal increase in flood extents.
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Localised higher increases of around 250mm occur in upper Toongabbie Creek between ' Hammers
Road Bridge and McCoy Park Basin. This is likely due to a narrower and shallower ¢hannel
through this reach, along with having a more vegetated channel in this area.

Sensitivity to increased roughness tapers off at Homebush Bay where the channel widens.

Most overland flow areas in Parramatta CBD, Camellia, Westmead, North Parramatta Urban
Renewal Areas are not significantly sensitive to increased roughness with increases,typically in the
range of 10-30mm. Exceptions are:

James Ruse Drive, Hassall Street, Arthur Street, Grand Avenue and Tramway Avenue in Harris
Park/Rosehill which experience 50-100mm increase in flood level (Map 29):

Tucks Road, Chanel Street, Chanel Street and Rausch Street in Toengabbie (Map 6) which is
likely due to ponding behind Chanel Street levee with elevated Teengabbie Creek water levels

For decreased Mannings Roughness:
Flood levels decrease generally by 100-200mm along Parramatta:River and its tributaries.
Sensitivity to decreased roughness tapers off where the channel.widens.

Increased flood levels are observed in flood storage areag’and at\locations where water ponds
behind a hydraulic control such as a bridge or building. This4s likely due to flood waters arriving
more quickly from upstream areas due to decreased roughness, thereby contributing more volume
or higher flow rates to the bottom of the catchment at each location.

10.9.2 Blockage

Table 10-5 and Table 10-6 provides peak water levels and water level difference for blockage sensitivity for
the FFA-matched 1% AEP design event.

Maps M8 and M9series in Appendix M show the results for the 50% Blockage Scenario. The 50% blockage
scenario involves applying 50% blockage to pits, pipeculverts, and bridge and culvert structures with a
diagonal opening of less than 6m. As the majority of‘bridges over Toongabbie Creek and Parramatta River
are large with large spans, blockage sensitivity.does not apply at these structures. This is reflected in the
results, where there are minor increases observedalong the mainstream channel of up to 40mm. Areas with
the greatest sensitivity to blockage are areas with a drainage network or culverts under roads. This is
observed in the following areas:

Toongabbie — behind Chanel Street Levee (Appendix M8 and M9 Map 6)
Toongabbie, along Pendle Creek behind Station Road (Map 6)

Harris Park and Rosehill along Clay Cliff Creek (Map 29)

Coopers Creek — behind Fulton/Avenue Bridge (Map 15)

Maps M10 and M11 in Appendix M show the results for the selected 80% Blockage Scenario. The select
blockage scenario applies 80%,blockage to pits and 100% blockage pipe culverts, and bridge and culvert
structures with a diagonal openingwof less than 6m along tributaries. Impacts are generally seen locally
upstream and adjacent to culvert and bridge structures which have been blocked. Decreases under blockage
scenarios are observed downgtream of structures as water is stored upstream of blocked structures.

Areas with the greatest sensitivity to the 100% blockage scenario include:
Eastwood ~ upstream of Carlingford Road (Appendix M10 and M11 Map 5)
Toongabbie # behind Chanel Street Levee (Map 6)
Toongabbie =along Pendle Creek behind Station Road (Map 6)
Darling\Mills Creek — behind the North Rock Road Bridge (Map 16)
Old Toongabbie — Bogalara Creek upstream of Windsor Road Bridge (Map 7)
Eastwood — along Terrys Creek (Map 12)

# Wentworthville — along Coopers Creek upstream of Fulton Avenue and Cumberland Highway (Map
15), and near Strickland Place and Fryer Avenue (Map 21)
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Westmead — along Finlaysons Creek upstream of Darcy Road and upstream of Westmead,Private
Hospital (Map M8-22 and M9-22)

North Parramatta — Brickfield Creek between Victoria Road and Isabella Street (Map24)
Ermington and Dundas — upstream of Silverwater Road (Map 26)
Harris Park and Rosehill — along Clay Cliff Creek (Map 29)

10.9.3 Tailwater Level

Maps M12 and M13 in Appendix M show the results for the Tailwater Level sensitivity Scenario including
0.3m increase in the tailwater level. Table 10-5 and Table 10-6 provides peak water levels and water level
difference for tailwater sensitivity for the FFA-matched1% AEP design event. The,results show that.

There are no significant difference in flood levels upstream of Charlgs Street Weir as flows have
not changed and tidal influence does not propagate upstream of Charles Street Weir.

There is a minor increase (up to 20mm) upstream chain of Charles Street Weir between Lennox
Bridge and Cumberland Hospital Weir.

Starting from Charles Street Weir, flood level increases ramp up,to 450 mm towards the
downstream boundary, due to the elevated tailwater level:

As most flows are contained within channels, flood extents are not significantly increased, with
minor impacts to foreshore areas of Rydalmere, CamelliapErmington and Melrose Park.

No impact is seen upstream of Clay Cliff Creek, SubiacosCreek or Vineyard Creek as the channel
capacity is the hydraulic control and the tailwater increase does not cause a backwater up the
channels.

10.9.4 ARRS87 IFD and Temporal Patterns

Maps M6 and M7 in Appendix M show the results of"YARR87 IFD sensitivity analysis. Table 10-5 and Table
10-6 provides peak water levels and water level difference for ARR87 sensitivity for the 1% AEP design
event.

Flood levels are significantly lower (up to 1m) using ARR87 hydrology data and methods to determine the
design flood flows. At Marsden Street Weir, the/ARR2019 FFA-matched 1% AEP flow is 727m?3/s, while for
the ARR87 1% AEP flow is 595m3/s, which is some 18% lower. This is due to application of FFA matching.

The mainstream channels generally experience flood levels that are typically 300-600mm lower, resulting in
reduced flood extents across the Study. Area. Some of the areas with the most significant reduction in flood
extents or levels are:

Epping (Appendix M6 and M7 - Map 5)

Toongabbie (Map 6)

Eastwood (Maps 12'and 13)

Wentworthville and Constitution Hill (Maps 15 and 21)
Westmead (Maps 15, 22 and 23)

Parramatta GBD foreshore (Map 23)

North Parramatta (Map 24)

Harris Park and Rosehill (Map 29)

Rydalmere and Ermington foreshore areas (Maps 30, 31 and 32)
Shell Oilalong Duck Creek and Duck River (Map 33 and 34)
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10.9.5 Basin Removal

Maps M14 and M15 in Appendix M show the results of Basin removal (McCoy Park and Loyalty,Road
Basin) sensitivity analysis. Table 10-5 and Table 10-6 provides peak water levels and waterlevel difference
for Basin Removal sensitivity for the FFA-matched 1% AEP design event. The results show that

Flood levels increases generally by 100-1000mm along the mainstream channels and lead to minor
difference in flood extents compared with design FFA-matched 1% AEP results:

Localised higher increases of around 400mm occur in downstream of Darling\Mills Creek. This is
likely due to the removal of Loyalty Road Basin at the far upstream of Darling Mills Creek (Map 16).
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Table 10-5 Sensitivity Analysis — water level difference at gauge locations along Mainstream

Location FFA- + 20% Roughness - 20% Roughness 50% Blockage Select Blockage TWL +0.3m Basin Removal
Matched
1% AEP
WL WL Diff WL Diff (m) WL Diff (m) WL Diff (m) WL Diff (m) WL i Wi 0 ff
(mAHD) (mAHD) () (mAHD) (mAHD) (mAHD) (mAHD) (mAHD) (MAHD) (m)
\
McCoy Park 28.19 27.61 -0.58 28.21 0.02 28.16 -0.03 28.20 0.01 28.20 0.01 28.19 0 00 6.79 -1.40
Basin
Toongabbie 25.33 24.77 -0.56 25.55 0.22 25.07 -0.26 25.33 0.00 25.34 0.01 ? 0.00 25.34 0.01
Creek ‘
(Johnstons
Bridge)
Toongabbie 14.98 14.20 -0.78 15.01 0.03 14.94 -0.04 15.02 0.03 5.08 14.98 0.00 15.15 0.17
Creek
(Briens
Road)
Toongabbie 12.20 11.49 -0.71 12.32 0.12 12.00 -0.20 2.19 12.18 -0.02 12.26 0.06 12.93 0.73
Creek
(Redbank
Road)
Marsden 7.95 7.13 -0.82 7.90 -0.06 0.0 7.96 0.01 7.98 0.03 7.97 0.02 9.16 1.21
Street Weir
Riverside 7.41 6.55 -0.86 7.34 7. 0.11 7.42 0.01 7.45 0.04 7.62 0.21 8.51 1.10
Theatre
Silverwater 2.27 2.05 -0.22 43 .16 2.10 -0.17 2.27 0.00 2.42 0.15 2.42 0.15 2.38 0.11
Bridge

Refer to Figure 15-28 for ref ce locations

Sl
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Table 10-6 Sensitivity Analysis - water level difference at reference locations along Tributaries

Reference Location FFA- ARR87 +20% Roughness = - 20% Roughness 50% Blockage Select Blockage TWL +0.3m Basin Removal
ID Matched 1%
AEP
WL (mAHD) WL Diff WL Diff WL Diff WL Diff WL
(mAHD) (m) (mAHD) (m) (mAHD) (m) (mAHD) (m) (mAHD)
Grey_01 Greystanes 28.11 28.08 -0.03 28.12 0.00 28.07 -0.05 28.22 0.10 28.42 0.31 28.11 0.00 8. 0.00
(Girraween)
Creek a2
Grey_02 Greystanes 26.37 25.93 -0.44 26.55 0.18 26.18 -0.19 26.37 0.00 26.39 2 V.@ 0.00 26.60 0.23
(Girraween)
Creek
Pen_01 Pendle Creek 26.83 26.82 -0.01 26.84 0.02 26.81 -0.02 26.84 0.01 ¢ .05 26.83 0.00 26.83 0.00
Pen_02 Pendle Creek 30.68 30.70 0.02 30.69 0.01 30.67 -0.01 30.68 0 4" 30.75 0.07 30.68 0.00 30.68 0.00
Bog_01 Bogalara Creek 24.60 24.58 -0.02 24.56 -0.04 24.53 -0.07 , 0.9 5.71 1.11 24.60 0.00 24.60 0.00
Coo_01 Coopers Creek 18.89 15.98 -2.91 18.87 -0.02 18.90 0.00 96 1.07 20.29 1.40 18.89 0.00 18.89 0.00
Coo_02 Coopers Creek 16.87 16.86 -0.02 16.89 -0.02 16.85 -0.02 16.92 0.05 16.82 -0.05
Coo_03 Coopers Creek 15.47 14.74 -0.72 15.46 0.07 15.73 0.26 15.48 0.01 15.61 0.14
Fin_01 Finlaysons Creek 15.53 15.45 -0.08 15.54 0.08 15.76 0.23 15.53 0.00 15.53 0.01
Fin_02 Finlaysons Creek 14.66 13.80 -0.86 14.70 0.04 14.53 -0.12 14.65 0.00 14.85 0.20
Mil_01 Milsons Creek 16.76 16.79 0.03 76 0.00 16.75 -0.01 16.81 0.05 16.73 -0.02
Mil_02 Milsons Creek 14.67 13.81 0.03 14.54 -0.13 14.70 0.03 14.87 0.21
Dom_01 Domain Creek 10.42 0.44 0.00 10.42 0.00 10.42 0.00 10.54 0.12
Clay_01 Claycliff Creek 12.21 12.22 0.00 12.20 -0.02 12.21 0.00 12.21 0.00
Clay_02 Claycliff Creek A7 & 6. 6.49 0.07 6.62 0.15 6.51 0.04 6.13 -0.34
Clay_03 Claycliff Creek .57 3.71 5.63 0.61 7.05 1.48 5.59 0.02 5.73 0.16
@ 1440 13.27 -1.13 14.25 -0.05 14.40 0.00 14.40 0.00 14.40 0.00
9.38 7.24 -2.13 9.23 -0.06 9.42 0.04 9.38 0.00 9.38 0.00
3.50 2.51 -0.99 3.38 -0.05 3.54 0.04 3.50 0.00 3.50 0.00
23.24 21.16 -2.08 23.24 -0.01 23.21 -0.03 23.24 0.00 23.24 0.00
Ponds Creek 12.00 9.30 -2.70 12.05 0.00 12.08 0.08 12.00 0.00 12.00 0.00
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Vin_01 Vineyard Creek 38.18 33.40 -4.78 34.71 -3.47 34.70 -3.48 38.18 0.00 38.69 0.52 38.18 0.00 38.18 0.00

Vin_02 Vineyard Creek 12.62 10.04 -2.58 12.39 -0.23 12.36 -0.26 12.62 0.00 14.77 2.15 12.62 0.00 12.62 0.00

Vin_03 Vineyard Creek 9.38 6.72 -2.67 9.40 0.02 9.37 -0.01 9.37 -0.02 9.44 0.06 9.38 0.00 9.38 0.00

Bri_01 Brickfield Creek 11.09 10.31 -0.78 10.95 -0.14 10.93 -0.16 11.13 0.04 11.23 0.13 11.09 0.00 11.09 0.00

Bri_02 Brickfield Creek 8.89 8.50 -0.39 8.81 -0.09 8.79 -0.10 9.05 0.16 9.37 0.48 8.89 0.00 8.89 0.00

Dar_01 Darling Mills 14.05 13.63 -0.42 14.18 0.13 13.93 -0.12 14.05 0.00 14.05 0.00 14.05 0.00 14.83 0.79
Creek

Qua_02 Quarry Branch 77.39 74.91 -2.47 77.41 0.02 77.37 -0.02 77.48 0.09 77.56 0.17 77.39 0.00 77.39 0.00
Creek

Qua_01 Quarry Branch 73.16 69.70 -3.47 73.18 0.02 73.15 -0.01 73.28 0.12 73.38 0.22 73.16 0.00 73.16 0.00
Creek

Ter_01 Terrys Creek 83.77 81.91 -1.86 83.80 0.02 83.74 -0.03 83.77 0.00 83.80 _| 0.03 83.77 0.00 83.77 0.00

Ter_02 Terrys Creek 90.07 87.88 -2.19 90.11 0.04 90.04 -0.02 90.10 0.03+" —90.1_4 J_O.07 7 90.07 0.00 90.07 0.00

Dev_01 Devlins Creek 19.59 19.64 0.04 19.67 0.08 19.52 -0.07 19.57 -602 7 19.:12 -0.17 19.59 0.00 19.59 0.00

Dev_02 Devlins Creek 33.47 33.23 -0.23 33.01 -0.46 32.81 -0.66 L 35.; 2.18 [ —35.78 2.32 33.47 0.00 33.47 0.00

Note* Cell at Critical location is dry, WL information extracted from adjacent water bodies
Refer to Figure 15-28 for reference locations
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10.10 Climate Change Scenarios

Results of Climate Change scenarios are presented in Appendix N as peak water level and depth maps,
along with water level difference plots compared with the adopted FFA Matched 1% AEP event peak water
levels. Difference maps have been derived by subtracting the baseline FFA 1% Matched 1%+AEP event
water surface level (presented in Appendix F) from the Climate Change Scenario water surface level. Areas
that were dry in the baseline FFA 1% AEP, but experience flooding in the Climate Change Scenario are
indicated as “Was dry, now wet”. Areas that were flooded in the baseline FFA 1% AEP event, but are no
longer flooded in the Climate Change Scenario are indicated as “Was wet, now dry”.

10.10.1 Tidal Inundation

Maps in Appendix N show the 1% AEP design still water level of 1.45 mAHD along with the extents related
to 0.4m sea level rise (2050 — 1.85m AHD), 0.9m sea level rise (2100 — 2.35m,AHD)and (2150 — 2.95m
AHD) . The following comments are made regarding the impacts of sea level rfise'on tidal inundation in the
Lower Parramatta River:

Tidal inundation affects the Lower Parramatta River downstream of Marsden Street Weir. Charles
Street Weir is a physical barrier that forms the tidal limit of the, River.under normal tidal cycles.
However, the culverts under the deck are at approx. RL 1.17m AHD,"and so the 1% AEP tide level
and both 2050 and 2090 SLR scenarios will penetrate upstream of/Charles Street Weir to Marsden
Street Weir, which is the next physical barrier to the tide.

under a 2050 and 2090 SLR scenarios, additional areas of tidal inundation are expected along
foreshore areas, particularly in the lower reaches of the Parramatta River and Duck Creek. This is
most notable is low lying foreshore areas including:

The northern and southern foreshore areas of the Parramatta River between Marsden Street
Weir and Charles Street Weir adjacent to the Parramatta CBD;

The northern foreshore areas of the Parramatta River between Charles Street Weir and James
Ruse Drive including Rangihou Reserve; properties on Rangihou Crescent, Baludarri Drive and
the Baludarri Wetlands (Map 29);

Properties along Subiaco Creek on,Bridge Street in Rydalmere between Victoria Road and the
Parramatta River (Map 25);

Reid Park and industrial propetiies/and lots along Pike Street, Rydalmere (Map 30);
Eric Primrose Reserve and properties on Antoine Street and John St, Rydalmere (Map 31);

Properties on Allambie St§ Yarramona St, Haleyman St, Bundara St, Korinne St, Arista Way and
Broadoaks St, Ermington(Maps 31 and 32);

The wetland at the end of Grand Avenue at the eastern end of Camellia peninsula (Map 31);
Boat ramp and public'toilets’'on Wharf Road, Melrose Park (Map 32);

Areas along the edge/of Shell Oil along Duck River (Maps 33 and 34); and

Properties along Tennyson Street in Clyde adjacent to Duck Creek (Map 33).

10.10.2 Increased Rainfall and SLR Scenarios

Peak water levels for each Climate Change Scenario are shown in Table 10-7 at the water level gauging
stations along Toongabbie Creek and Parramatta River and in Table 10-7 and Table 10-8 at reference
locations along Tributaries. The tables also shows water level difference compared to the adopted 1% AEP
peak water levels./Reference locations are shown in Figure 15-28.
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Table 10-7 Climate Change Scenarios — water level difference at reference locations along Mainstream
ocatio atched RCP4 050 RCP4 090 RCP4 0 RCPS8 050 RCPS8 090 RCPS8 0
D D D D D
AHD AHD AHD AHD AHD AHD D
McCoy Park Basin 28.19 28.26 0.07 28.29 0.10 28.30 0.11 28.29 0.09 28.36 0. 0.23
Toongabbie Creek 25.33 25.49 0.16 25.56 0.23 25.60 0.28 95 0.62
(Johnstons Bridge)
Toongabbie Creek (Briens 14.98 15.37 0.39 15.45 0.47 15.44 0.46 15.91 0.93
Road)
Toongabbie Creek 12.20 12.50 0.30 12.57 0.37 12.59 0.39 13.05 0.85
(Redbank Road)
Marsden Street Weir 7.95 8.35 0.40 8.51 0.55 8.56 0.61 9.14 1.19
Riverside Theatre 7.41 7.78 0.37 7.91 0.50 . 8.47 1.06
Silverwater Bridge 2.27 2.55 0.28 2.90 0.63 2.58 0.31 2.99 0.72 3.54 1.27

Refer to Figure 15-28 for reference locations

Table 10-8

Location

FFA-Matched

1% AEP

WL (mAHD)

RCP4.5 2050 (CC1)

WL
(mAHD)

Diff
(m

Wi

(mAHD)

Climate Change Scenarios — water level difference at reference locations along Tributa ' S
RCP4.5 2090 (CC3)

Diff
‘ (m)

WL

(mAHD)

RCP4.5 2150 (CC7)

Diff
(m)

WL

(mAHD)

RCP8.5 2050 (CC2)

Diff
(m)

RCP8.5 2090 (CC4)

WL

(mAHD)

Diff
(m)

‘ RCPS8.5 2150 (CC8)

(mAHD)

WL

Diff
(m)

Grey_01 Greystanes 28.11 F 2w, 2814 | 003 2815 | 004 2814 | 003 2817 006 2819  0.08
(Girraween) Creek

Grey_02 Greystanes 2637 © | Q 022 @ 2667 | 030 @ 2672 | 035 2665 @ 029 | 2692 | 055 2714 | 0.77
(Girraween) Creek

Pen_01 Pendle Creek 26.83 26.85 = 002 26589 = 006 2691 | 009 2688 | 005 2705 @ 022 2723 040

Pen_02 Pendle Cree 30.68 3071 | 003 = 3073 | 005 3074 | 006 3073 | 005 3079 | 011 3085 | 0.17

24.60 2470 | 040 2475 | 0415 2478 | 018 2474 | 014 2491 | 031 2502 | 042

18.89 19.01 | 012 @ 19.06 | 017 & 1940 | 020  19.05 | 016 @ 1923 | 034 1942 053

16.87 1702 | 015 1720 033 @ 1727 | 040 1718 031 1744 | 057 1755 067

15.47 1580 | 033 1589 | 042 1589 | 043 158 | 039 1611 | 064 1635  0.88

15.53 1557 | 0.04 1559 = 0.06 @ 1560 = 0.07 @ 1559 | 006 = 1564 @ 012 1570 | 0.17
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Fin_02
Mmil_o1
Mil_02
Dom_01
Clay_01
Clay_02
Clay_03
Sub_01
Sub_02
Sub_03
Pon_01
Pon_02
Vin_01
Vin_02
Vin_03
Bri_01
Bri_02
Dar_01
Qua_02
Qua_01
Ter_01
Ter_02
Dev_01
Dev_02

Refer to Figure 15-28 for. reference locations

Finlaysons Creek

Milsons Creek
Milsons Creek
Domain Creek
Claycliff Creek
Claycliff Creek
Claycliff Creek
Subiaco Creek
Subiaco Creek
Subiaco Creek
Ponds Creek
Ponds Creek
Vineyard Creek
Vineyard Creek
Vineyard Creek
Brickfield Creek
Brickfield Creek

Darling Mills Creek
Quarry Branch Creek
Quarry Branch Creek

Terrys Creek
Terrys Creek
Devlins Creek

Devlins Creek

14.66
16.76
14.67
10.42
12.21
6.47
5.57
14.40
9.38
3.50
23.24
12.00
38.18
12.62
9.38
11.09
8.89
14.05
77.39
73.16

83.77
90.07
19.59
3347

15.09
16.77
15.11
10.45
12.24
6.50
5.75
14.45
9.50
3.60
23.25
12.12
38.41
12.73
9.39
11.13
8.93
14.13
77.42
73.20

83.81
90%0
19.61
33.80

0.44
0.01
0.44
0.03
0.03
0.03
0.19
0.05
0.12
0.10
0.01
0.12
0.24
0.11
0.00
0.03
0.04
0.08
0:04
1 003
A \ 0,03
0.04
0.02
0.34

1512 | 047 | 1510 | 045
1678 002 1679 | 0.03
1514 | 047 @ 1511 | 045
1047 005 1048  0.06
1229 | 008 & 1230 | 0.09
652 | 005 653 | 0.06
592 | 035 | 609 @ 052
1444 | 004 1448  0.08
950 | 012 | 957 | 0.20
360 | 010 @ 368 0.8
2325 | 001 | 2326 @ 0.02
1212 | 012 | 1216 | 0.16
3841 | 024 | 3847 @ 0:29
1273 041 128% [ 0.19
939 | 000 4940 002

IR
1113 | 003 | 1415» 005
893 | 004, J897 | 007

A4\ _ofs 1420 | o6
77.44 | 005 | 7745 @ 0.06
7321 005 7322 | 0.05
8382 | 005 | 8383 @ 0.06
9012 | 0.05 & 9013 | 0.06
1963 | 003 @ 1964 | 0.05
3399 053 3412 | 065

15.09
16.78
15.12
10.47
12.28
6.52
5.82
14.46
9.54
3.64
23.26
12.15
88.45
12.78
9.39
11.14
8.95
14.17
77.48
73.25

83.87
90.17
19.62
33.96

o
J> .

0.43
0.02
0.45
0.05
0.07
0.05
0.26
0.06
0.16

N

0g14
4 Qg

0.02

0.27
0.16
0.01
0.04
0.06
0.12
0.10
0.08

0.10
0.10
0.03
0.49

15.29
16.82
15.31
10.53
12.35
6.56
6.05
14.56
9.68
378

23.31
12.20
38.51
12.99
9.43
11.18
9.02
14.32
77.48
73.25

83.87
90.17
19.69
34.64

064 1550
006  16.90
064 1552
012 10.59
014 | 12.40
0.09  « 660
048 6.25
0.16 | 14.64

030 978

" 028  3.88
007 2334
021 1226
033 3854
037  13.18
004 947
009  11.21
013 907
028  14.48
010 | 77.52
008  73.28
010  83.91
010  90.20
010 | 19.77
118 3547

0.84
0.14
0.86
017

o
043

" 0.68
0.24
0.40
0.38
0.11
0.26
0.36
0.57
0.09
0.12
0.18
0.43
0.13
0.12

0.14
0.14
0.18
1.71
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The following comments are made regarding Climate Change scenarios:

Due to rainfall increases under Climate Change scenarios, flood level increases are observed
along Toongabbie Creek, Parramatta River and the lower reaches of the tributaries.

More significant localised increases are observed, typically at hydraulic structures where the
increased flows mean the flow behaviour can change regime e.g. from flowingtundera bridge
structure to impacting the bridge deck. This can be seen upstream of Briens/Road;»*€umberland
Hospital weir and Lennox Bridge.

Rainfall Increase:
For the RCP4.5 2050 Scenario (6.4% rainfall increase), Appendix Nl/and-N2:

The mainstream flooding is still largely contained within the banks butiresults in small areas of
newly flood affected land along the edges of the watercourses.

Increases in overland flow areas are typically 20-600mm and predominantly less than 70mm.
Areas experiencing greater than 50mm increase include:

Epping — residential areas from Ryde Street and The Boulevarde through Boronia Park to
Carlingford Road (Map 5)

Toongabbie — along Pendle Creek and behind Chanel Street Levee (Map 6)
Old Toongabbie — along Bogalara Creek south of Old Windsor Road (Map 7)
Eastwood — along Terrys Creek (Map 12)

Wentworthville — along Coopers Creek upstream of Fulton Ave and Cumberland Highway
(Map 15), and near Strickland Place and Fryer,Ave (Map 21)

Westmead — along Finlaysons Creek (Map 22)

Rydalmere — industrial areas along Subiaco Creek including Crowgey Street, Bridge Street
and Clyde Street (Map 25)

Harris Park and Rosehill - locations aleng Clay Cliff Creek (Map 29)

For the RCP8.5 2150 Scenario (28.5% rainfall increase) Appendix N12 and N13:

Due to the significantly increased flows (approx. 20%), flood extent increases are seen along
the entire mainstream channels.“The mainstream flooding is still largely contained within the
banks but results in areas of newly flood affected land along the edges of the watercourses,
particularly near Pendle Creek, Finlaysons and Coopers Creeks, Parramatta CBD Foreshore
and most significantly in the Lower Parramatta River foreshore areas around Rydalmere,
Camellia, Ermington and Melrose Park.

Increases in overland flow areas are typically less than 100mm. Areas experiencing greater
than 100mm increase include:

Epping — residential areas from Ryde Street and The Boulevarde through Boronia Park to
Carlingford Road (Map 5)

Toongabbie — along Pendle Creek and behind Chanel Street Levee (Map 6)
Old Toongabbie — along Bogalara Creek south of Old Windsor Road (Map 7)
Eastwood. — along Terrys Creek (Map 12)

Wentworthville — along Coopers Creek upstream of Fulton Avenue and Cumberland
Highway (Map 15), and near Strickland Place and Fryer Avenue (Map 21)

Westmead — along Finlaysons Creek (Map 22)
Dundas — along Vineyard Creek upstream of Victoria Road and Kissing Point Road (Map 25)

Rydalmere — industrial areas along Subiaco Creek including Crowgey Street, Bridge Street
and Clyde Street (Map 25)

¢ Harris Park and Rosehill - locations along Clay Cliff Creek (Map 29)
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11 Discussion

111 Revised Flood Levels

The updated 2019 Parramatta River Flood Study provides revised flood level estimates‘for.a range of design
flood events. These revised flood levels are generally lower than those currently adopted by City of
Parramatta Council for use in flood planning for events less than and including the 2% AEP. This has been
discussed in Section 10.3.

Differences between the Current Flood Study and the previous UPRCT model results are explained by
differences in model inputs and modelling techniques including:

Flooding during events up to and including the 2% AEP event is generally contained within the
channel banks of the Toongabbie Creek/Parramatta River and its tributaries.

Design flood event flow estimates are lower for events less thanvand including the 2% AEP than
those previously adopted by Council due to the use of the latest ARR2019 data and methods.
Lower flows provide lower flood extents and flood depths;

The updated flood modelling uses two-dimensional modelling which more accurately represents
flow across floodplains and overland areas compared with one-dimensional modelling which was
used in the previous study;

Interpolation techniques for determining flood levels between 1D model cross section results used
in the previous model mapping. The Current Flood Study models all areas on a 2D grid and does
not use interpolation;

Buildings are blocked out in the current model, and this impacts flowpaths through overland flow
areas;

Newly collected bathymetric survey of Toongabbie ‘Creek between Old Windsor Road and the weir
downstream of Cumberland Hospital and Domain Creek. This affects the flow cross-sectional areas
and can lead to lower flood levels;

Newly acquired survey of numerous hydrauli¢ structures throughout the study area which have
been incorporated in the model representation of these structures;

The inclusion of new structures which have been built since the previous modelling was
undertaken;

Incorporation of the pedestriansportals through Lennox Bridge which were opened in late 2014. The
effect of the portals is to lower waterlevels upstream of Lennox Bridge and allow more flow through
and hence increase flood levels'downstream of the bridge;

Incorporation of developments‘that have occurred since the previous Flood Study and major
infrastructure including the new, Parramatta Stadium and the soon to be constructed Alfred Street
Bridge and northern foreshore’boardwalk;

Adoption of a different,tailwater levels; and,

Modelling and mapping of additional overland areas not previously modelled.

11.2 Flow Rates

The adopted FFA matched 1% AEP flow rates using ARR2019 data and methods for the Parramatta River at
Marsden Street Weir are 724m?3/s, which is consistent with the 730m3/s adopted in the UPRCT Draft 8 and
Draft 9 MIKE 11 models, The current design flood estimates using ARR2019 are based on current industry
standards with the most up-to-date available data and methods and correlate with the revised Flood
Frequency Analysis, noting that the 1% AEP flow has been upscaled to match the FFA.

It is noted that the.validation to the FFA is only available at Marsden Street Weir. There are no other suitable
gauges to provide a validation in other tributaries or overland flow areas and there is no guidance on whether
to applysa'similar adjustment to other areas of the model.

As the 'Elood Study is calculating flow and levels across the Study Area, there are multiple points of interest
and one technique cannot be applied to all areas. There is variability in the flood producing storm events
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across the catchment and this is accounted for by employing different procedures for the Mainstream,and
Overland Flow areas.

11.3 Flood Planning Areas

The Flood Planning Area (FPA) has been determined by adding 500mm freeboard to the envelope of the
following scenarios:

FFA-matched 1% AEP with no drainage blockage applied;

FFA-matched 1% AEP with ARR2019 drainage blockage applied;

CC8 (RCP8.5 — 2150 + Tidal Inundation + 2150 SLR) with no drainage blockage applied;

CC8 (RCP8.5 — 2150 + Tidal Inundation + 2150 SLR) with ARR2019,draihage blockage applied.

The flood planning areas developed for this study differ from those currently adepted by CoP for flood
planning. This is to be expected given the differences in the estimation of,design flood levels and also the
change in the definition of Flood Planning Levels criteria. The 2019 Fload Study uses current industry
standard guidelines along with up-to-date data, modelling software and methods and the resulting flood level
in the 2019 Parramatta River Flood Study are considered to be accurate and appropriate.

Sensitivity analysis has provided the magnitude of flood level differences that can be expected through
uncertainty of input parameters or changes to tailwater conditions, orif structures were to become blocked.

11.4 Flood Emergency Assessment — SES Reguirements

11.4.1 Background

When determining the flood risk to life, the flood hazard for,an/area does not directly imply the danger posed
to people in the floodplain. This is due to the capacity’for people to respond and react to flooding, ensuring
they do not enter floodwaters. This concept is referred to as flood emergency response.

To assist in the planning and implementation of respense strategies the State Emergency Service (SES)
classifies communities according to their flood impact. |Flood affected communities are those in which the
normal functioning of services is altered either directly‘or indirectly because a flood results in the need for
external assistance. This impact relates directly to the operational issues of evacuation, resupply and rescue.
The classifications adopted by the SES (200%c) are:

Flood Islands. These are inhabited or potentially habitable areas of high ground within a floodplain linked
to the flood free valley sides by a road across the floodplain and with no alternative overland access. The
road can be cut by floodwater, closing/the only evacuation route and creating an island. Flood islands can
be further classified as:

High Flood Island - the flood.island contains enough flood free land to cope with the number of people
in the area or there is opportunity for people to retreat to higher ground; and

Low Flood Island - the fload island does not have enough flood-free land to cope with the number of
people in the area or the island will eventually become inundated by floodwaters.

Trapped Perimeter Areas: These would generally be inhabited or potentially habitable areas at the
fringe of the floodplain where the only practical road or overland access is through flood prone land and
unavailable during/a‘flood event. The ability to retreat to higher ground does not exist due to topography
or impassable structures."Trapped Perimeter Areas are further classified according to their evacuation
route:

High Trapped Perimeter - the area contains enough flood-free land to cope with the number of people
in the area or there is opportunity for people to retreat to higher ground; and

Low Trapped\Perimeter - the area does not have enough flood-free land to cope with the number of
people inthe area or the island will eventually become inundated by floodwaters.

Areas"Able to be Evacuated. These are inhabited areas on flood prone ridges jutting into the floodplain
or.on the valley side that are able to be evacuated.
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Areas with Overland Escape Route - access roads to flood free land cross lower lying flood prene
land; and

Areas with Rising Road Access - access roads rise steadily uphill and away from the'rising
floodwaters.

Indirectly Affected Areas. These are areas that are outside the limit of flooding and therefore will not be
inundated nor will they lose road access. However, they may be indirectly affected as a result of flood-
damaged infrastructure or due to the loss of transport links, electricity supply, water supply, sewerage or
telecommunications services and they may therefore require resupply or in the worst case, evacuation.

Overland Refuge Areas. These are location that other areas of the floodplain may,be evacuated to, at
least temporarily, but which are isolated from the edge of the floodplain by, floodwaters and are therefore
effectively flood islands or trapped perimeter areas.

11.4.2 Flood Emergency Response Classification
The Flood Emergency Response Planning (FERP) classifications in a 1% AEP and PMF event has been
undertaken and mapped for all the Significant Areas in accordance with the OEH guideline: Flood

Emergency Response Planning Classification of Communities (OEH, 2016). These are provided in
Appendix O and the series of figures are shown in Table 11-1.

=

Table 11-1 FERP Figure Numbers

Camellia Figure O1.1 Figure O1.2
Parramatta CBD (river foreshore area) Figure 02.1 Figure 02.2
Knowledge Precinct Area Figure 03.1 Figure 03.2
North Parramatta Urban Renewal Precinct _ Figure O4.1 Figure O4.2
Parramatta CBD (whole of CBD) Figure 05.1 Figure 05.2
Rydalmere Figure O6.1 Figure 06.2
- —
Westmead Biomedical Precinct Figure 07.1 Figure 07.2

In the FFA-matched 1% AEP event;, Camellia, Parramatta CBD (whole of CBD), North Parramatta Urban
Renewal Precinct, Parramatta CBD (river foreshore area), Rydalmere, and Westmead Biomedical Precinct
are predominantly flood free or classified as “Areas Able to be Evacuated”, either as areas with overland
escape routes or areas with rising road access. A portion of the Knowledge Precinct Area which lies south of
Victoria Road, between James Ruse Drive and Railway Street is classified as “Trapped Perimeter Area”. The
rest of the Precinct is not flood affected.

In the PMF event, Camellia, Parramatta CBD (whole of CBD), North Parramatta Urban Renewal Precinct,
Parramatta CBD (riyer foreshore area), and Westmead Biomedical Precinct are predominantly classified as
“Flood Islands”, either as low flood or high flood islands where road evacuation must be completed before
access road cut-off."Portion of the Knowledge Precinct Area which lies south of Victoria Road, between
James Ruse Drive.and Railway Street is classified as “Trapped Perimeter Area”. Rydalmere is predominantly
classified as “Areas Able to be Evacuated” with overland escape route, and “Flood Islands” where road
evacuation must be completed before access road cut-off.

Table 11-2 outlines the response required for different flood emergency response planning classifications.
Due to the predominant classification of the Significant Areas floodplain as areas with rising road access and
overland escape routes, the emergency response requirement will most likely be evacuation to local refuge
centres,if the residents cannot take stock in their property.
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Table 11-2 Emergency Response Requirements

Classification

Response Required

Rescue / Medivac Evacuation

Resupply

High Flood Island Yes Possibly Possibly
Low Flood Island No Yes V
Area with Rising Road Access No Possibly &Yes
Area with Overland Escape Routes No Possibly \ Yes
Low Trapped Perimeter No Yes @ Yes
High Trapped Perimeter Yes Possibly Possibly
Indirectly Affected Areas Possibly Possibl;% Possibly

11.4.3 Access and Movement

Any flood response suggested for the Study Area must take into account
and the ease with which movement may be accomplished. Move t ma
flood affected areas, medical personnel attempting to provide aid

defences.

A summary of road flooding for the Significant Areas are su

the FERP maps provided in Appendix O.

Access roads for which access is lost are highlighted. Ac

N

e availability of flood free access,
e evacuation of residents from
SW SES personnel installing flood

rised in Table 11-3 with locations shown in

nsidered lost when depths exceed 0.2m.

|
The table highlights that most of the major roads experiem of access in the PMF event with
overtopping depths ranging from 0.5m to 5.2m.

management strategy for the FFA matched 1% AE r@ vent for the Knowledge Precinct Area and for the

The results demonstrate that evacuation of the floo major roads may not be a safe emergency

PMF flood event for all the significant areas.

N
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Table 11-3 Access Road Flood Depths (m)

Location FFA-Matched PMF Ficod Depth
1% AEP Flood (m)

Depth (m)

Parramatta CBD (whole of CBD)

A | Intersection of O’Connell Street and Macquarie Street 0.55 5.67
B | Intersection of Church Street and Macquarie Street - 3.50
C | Intersection of Church Street and George Street - 3.52
D | Intersection of George Street and Smith Street 0.04 3.72
E | Intersection of Macquarie Street and Smith Street - 1.81
F | Intersection of Charles Street and George Street ‘K 4.12
G | Intersection of Charles Street and Macquarie Street 16 3.75
H | Intersection of Darcy Street and Church Street / R 0. 3.47
I | Intersection of Hassall Street and Wigram Street 0,07 1.64
J | Intersection of Hassall Street and Harris Street 80 3.89
Parramatta CBD (river foreshore area)

Intersection of Wilde Avenue and Lamont Street 0.27 5.00

B | Intersection of Victoria Road and Sorrell Street \ - 2.55
Intersection of Victoria Road and Marist Place V - 1.36

Knowledg t Area

Victoria Road 0.97 2.07

B | Victoria Road Q 0.72 177
Intersection of Bridge Street and Victori 0.76 1.77

North Par a Urban Renewal Precinct
A | Intersection of Fleet Street and Alb treet 0.19 1.83
B | Eels Place 0.36 3.55
C | Intersection of Fleet Street an el Street 0.02 2.00
D | Intersection of New Street an Dunlop Street 0.33 0.58
E | O'Connell Street 4 0.00 3.95
Westmead Biomedical Precinct
A | Intersection of Darcy Roa, and Bridge Road i} 2.1
B | Intersection of Darcy Road, Institute Road and Mons Road 0.06 2.64
C | Institute Road K - 2.46
D | Intersection Hy/kesbury Road and Hainsworth Street 0.53 2.26
Rydalmere
A ‘ Intersectio ridge Street and Victoria Road - 2.70
Camellia

T Inte on of James Ruse Drive and Grand Avenue 1.84 5.91
B venue ) 1.66
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11.4.4 Flood Evacuation Considerations

Evacuation involves the movement of people from a flood affected location to one that is flood free.
Evacuation may occur by car, foot, boat, helicopter or other method. The key limitations to gvacuation are
flood free access, mobility of people being evacuated and time available to evacuate.

The two key considerations for evacuation — sufficient prior warning to allow evacuationjrand a“safe refuge in
an evacuation centre. Potential evacuation routes to flood free areas have been identified forthe Significant
Areas. These routes have been mapped in the FERP figures in Appendix O. It is recommended that
detailed evacuation assessment and planning including identifying potential evacuation centres is
undertaken during the Floodplain Risk Management Study and Plan process.

11.45 Flood Planning Constraints Category

The Australian Disaster Resilience Guideline 7-5 Flood Information to Support ltand Use Planning Activities
(AIDR, 2017) has identified four Flood Planning Constraints Categories (FPCC),to better inform land-use
planning activities. Details on these categories are provided in Table 11-4,

These categories have been defined based on the frequency of exposure to flooding, flood function, flood
hazard, flood range, and isolation from safety. It provides the basis forproviding advice on the flood related
constraints that need to be considered to effectively manage flooding and its impacts in different areas of the
floodplain.

Table 11-4 Flood Planning Constraints Categorisation

C

Design flood event flow (typically FFA matched 1% AEP) conveyance and storage areas;
and

This category includes:

Design flood event H6 hazard areas.

This category includes:
Flow conveyance for floods largerthan the design flood event (typically the PMF event);
Design flood event H5 hazard/areas;

2 Flood hazard H6 areas for floods‘larger than the design flood event (typically the PMF
event);

Areas that have been identified"as isolated and submerged through the FERP
classification; and

Areas that have been identified as isolated and elevated through the FERP classification.
3 This category includes the areas that are outside the FPCC 2 category and below the design
flood event plus freeboard.
4 This category includes the areas that are outside the FPCC 3 category but within the extreme
event such as the PMF.
The areas classified as'EPCC 1 and FPCC 2 have been identified as the worst affected / critical locations
with significant risk of flooding within the Significant Areas. These categories have been mapped. The maps
are provided in Appendix O and the series of figures are shown in Table 11-5.
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Table 11-5 FPCC Figure Numbers

Camellia Figure O1.3
Parramatta CBD (river foreshore area) Figure 02.3
Knowledge Precinct Area Figure 03.3
North Parramatta Urban Renewal Precinct Figure O4.3
Parramatta CBD (whole of CBD) Figure 05.3 l
N
Rydalmere Figure 06.3 |
o
Westmead Biomedical Precinct Figure O7.3

11.4.6 Recommendation

It is recommended that flood emergency response planning for these areas, to be undertaken during the
Floodplain Risk Management Study and Plan process, includes the following key considerations:

Cut-off of external access isolating an area;

Key internal roads being cut-off;

Transport infrastructure being shut down or unable to operate at maximum efficiency;

Flooding of key response infrastructure such as hospitals, €vacuation centres, emergency services sites;
Risk of flooding to critical and vulnerable developments;

Evacuation centres, routes and timelines;

Flood warning systems; and

Potential for shelter-in-place.

11.5 Flood Damages Assessment

Various flood events may cause damage to property with significant costs to property owners and insurers.
The damage may occur due to floodwaters affecting the building interior (fagade, contents), building
structure (weatherproofing, electrical.wiring),and other property outside the building (vehicles, contents of
sheds and garages).

Estimating the cost of flooding helpsiidentify the magnitude of impact of the event to a community, and
subsequently provides a benchmark for the viability of potential measures for mitigating the impacts of
flooding.

Flood modelling undertaken as part of this study includes provision of the following, which will allow flood
damages assessment to be undertaken during the Floodplain Risk Management Study and Plan process:

Properties affected by inundation for the nominated flood events;

Properties and infrastructure affected by flood hazard;

Locations of critical/water related infrastructure such as dams, detention basins; and
Identification of residential, commercial and industrial properties.

It is recommended that Council consider floor level survey for all properties within the 1% AEP extent and
areas of highsrisk and the identified Significant Areas that are impacted by flooding in the PMF flood events.
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11.6 Flood Emergency Response

The progression of flood for the FFA matched 1% AEP event has been investigated and mapp

' nsidered
suitable since there are minimal to no changes in flood behaviour for smaller timesteps. T al duartion
for the Significant Areas vary, as shown in Table 11-6, after which the flood waters staK de.

Table 11-6 Flood Progression Figure Numbers

Significant Areas Critical Duration

Camellia 12 hour % Figure O1.4
Parramatta CBD (river foreshore area) 12 hour Figure 0O2.4
Knowledge Precinct Area 3 hour Figure 0O3.4
North Parramatta Urban Renewal Precinct 3 hour Figure O4.4
Parramatta CBD (whole of CBD) 2 houw Figure 05.4
Rydalmere 3 hour Figure 06.4
Westmead Biomedical Precinct 2(hour ) Figure O7.4

N

It is recommended that the thematic representation of floodybehaviour provided is used at the basis to
inform the evacuation routes and timelines assessed j p the emergency response planning.

Q?Q
&
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12 Limitations

12.1 Limitations and Future modelling opportunity

The study has used the current industry standard practice and guidelines in determiningflood behaviour in
the Study Area. The study has developed on existing information and updated the models toreflect changes
in the catchment, including incorporation of changes to impervious areas in the catchment, new
developments, new hydraulic structures and updated pit and pipe information. Thesstudy has utilised all
existing information available and undertook survey where there was no information available. New survey of
bathymetry, bridges, culverts and weirs has been incorporated in the models and the“latest software
provides the most accurate representation of terrain and hydraulic structures. The/models have been
calibrated to historic events and show a good correlation.

While the models are deemed an accurate representation of the flood behavioumin the catchment, the
following limitations are acknowledged and will need to:

Models are a representation of the real world and use mathematical calculations to approximately
replicate actual flood behaviour within a certain acceptable t6lerance;

The accuracy of ALS survey information used to define the terrain and for mapping flood levels and
depths;

Accuracy of all bridge, weir, culvert, pit and pipe data and detention basin data that was not
surveyed in detailed;

Accuracy of information outside the Study Area which may affect the flows arriving at the Study
Area boundary;

Inconsistencies at the interface between mainstream and Tributary and Overland Flow model
results due to differences in inflows for the different scale models;

Climate Change scenarios as based on current guidance;

The functionality of XP-RAFTS software to,automate ARR2019 methods for spatially-varied IFD is
limited and may be better suited to other models in future;

ARR2019 Culvert to be assessed individually and test scenario iterations . Blockage % will be
derived from the ARR2019 blockage risk assessment in a form of a spreadsheet and will be
created for each tributary. Summarising debris L10 assumption, critical information, assumptions
and recommend individual blockage percentages.

A ground-truthing site visit showed.that there is difficulty in identifying the correct pit and fence type
from aerial photography and 'seme inferences must be made. It is not possible to include all pit, and
fence types as well as culvertisizes accurately without a detailed survey, which is an extensive
exercise and beyond the scope of this study. It is recommended that detailed survey of existing
drainage network and fenee type to be conducted, and incorporated in the future flood model
update.

It is further recommended that assessment be undertaken by Council to assess the potential
change to ARR19 IFD based on the inclusion of all Council recorded storm data throughout the
area. Review may indicate a potential change to IFD data for events more frequent than the 2%
AEP and may justify the Adopted Fit FFA approach.

Some observed local and minor flooding which will not affect the outcome of the study.
Recommendations,are provided in the peer review register spreadsheets to improve the model in
the future'studies.

It is reported,that Redbank Road and Briens Road gauges were deemed to be unreliable for the
April 2015,event. future flood model improvement may consider check with another flood event
where the data is available should be used to check model. Information used in the Darling Mills
Creek and Loyalty Road Basin gauges need to be checked again with basin model set up if model
resultssshow inconsistencies with recorded gauge information.

There,are only 3 water level gauges on Tributary Creeks in the LGA. Council is recommended to
install additional water level gauges on tributary creeks to aid calibration and validation of future
flood events. Minimum one for each of the tributary Tuflow model study area. At least one that is
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not influenced by downstream tailwater conditions to be able to truly gauge the catchment
behaviour.

The following items are identified as project risks moving forward based on the current status of the project
and models:

Usability of the XP-RAFTS model for future phases of the floodplain risk management process and
for issue to consultants/developers for assessments in individual catchments;

12.2  Next Steps
The next steps for the project are as follows:
Final report review by Council and finalise Peer Review;

Adoption by Council for Public Exhibition.
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13 Conclusion and Recommendations

13.1 Conclusion

The 2019 Parramatta River Flood Study provides an update to the available flood information for the former
Parramatta City Council LGA excluding Duck River, Duck Creek and A’'Becketts Creek. The results of the
Study describe the flood behaviour in the Study Area and will assist in raising community,awareness of
flooding and flood risk in their area. The study will be used by Council and various stakeholders to inform
flood planning and emergency management in the Study Area.

The report provides a description of the Parramatta River Flood Study: project.©objectives; data collection and
review; additional data collection; hydrology and hydraulic model setup, calibrationtand validation; model
scenarios; design event model results, sensitivity analysis and Climate Change Seenarios. The report also
provides guidance on the adoption of Flood Planning Levels and Emergency Response parameters for use
in planning and by the NSW SES.

A number of previous hydrology models were reviewed, updated and combined into a single XP-RAFTS
model for the Parramatta River catchment to Ryde Bridge. The model'was calibrated and validated against
six historical flooding events including April 2016, June 2015, June 4991, February 1990, April 1988, and
August 1986 using recorded gauge data. The hydraulic model was developed using TUFLOW 2-dimensional
modelling software and was calibrated against the April 2016 flood event and validated against the April
2015 and April 1988 events.

The model showed a good correlation to all events with respect to timing of catchment response and
modelled flood peak levels and flows. The model was also validated against photographic records provided
by Council and the community through a community consultation survey.

The Study uses current industry standard methods and,guidelines in flood estimation using Australian
Rainfall and Runoff 2019 and a series of OEH floodplain management guidelines. The design event flood
estimates were validated to a Flood Frequency Analysis.of,observed annual peak flood levels. As part of this
analysis, the Marsden Street Weir gauge (213004) level-flow relationship (rating curve) was reviewed and
updated using the hydraulic model to inform the extrapolation to higher flows beyond the gauging data. The
modelling approach, model setup, parameters and results and the study outcomes have been peer reviewed
by an independent consultant on behalf of Council:

The 1% AEP design flood levels in the Current Flood study are generally higher than UPRCT/SKM MIKE11
flood levels due to the application of FFA. New/areas of overland flow have been mapped as part of this
study which were not previously mapped. Probable Maximum Flood (PMF) extents remain similar to previous
modelling. The PMF was not previously'mapped in Subiaco, Vineyard and The Ponds Creek catchments.

An assessment of sensitivity to blockage.indicates that the mainstream channels of Toongabbie Creek and
Parramatta River mainly consist of large bridge crossing that are not susceptible to significant blockage.
Impacts of blockage is more substantial in areas with pit and pipe networks or urban drainage channels with
small culverts under road crossings,or buildings.

Consideration of the affects of/Climate Change show that for a 6.4% increase in rainfall, flood level increases
of approximately 150mm may beexperienced at Marsden Street Weir. Minor increases are observed in
overland flow areas, with localised larger increases upstream of hydraulic structures. A 19.7% increase in
rainfall intensity would elevate flood levels by over 0.5m along the mainstream channels and some
tributaries. Increases of up to 100mm are expected to be experienced in overland flow areas, with localised
areas to experience greater impacts. A significant expansion of the flood-affected area has been identified
throughout the studyareasunder 28.5% increase of rainfall intensity. It is anticipated that the flood levels in
the mainstream, tributaries, and overland flow areas will rise by more than 0.8m, 0.5m, and 0.3m,
respectively. Similar to’blockage scenarios, this is largely observed along urban waterways where the
increased flow exceeds the capacity of culvert or bridge structures. With benchmark SLR of 0.9m by 2100,
significant areas-of.the Lower Parramatta River foreshore would be impacted.

The models havebeen run for the 0.2%, 0.5%, FFA-Matched 1%, 2%, 5%, 10%, 20%, 50% and 63% AEP
storms and/Probable Maximum Flood (PMF) and half-PMF event and flood levels, depths and velocities
mapped. Hazard and hydraulic categories, Hazard Vulnerability Classification, Hydraulic Categories and
Flood Risk Precincts have also been mapped.

Areas/with the highest flood risk include the Significant Areas outlined in this report including:
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Parramatta CBD (whole of CBD);
Parramatta CBD (river foreshore area);
North Parramatta Urban Renewal Precinct;
Westmead Biomedical Precinct;
Knowledge Precinct Area (adjacent to and including parts of Western Sydney University);
Rydalmere;
Camellia.
Other areas susceptible to high flood risk and sensitive to blockage and Climaté Change include:
Toongabbie — near Pendle Creek and Toongabbie Creek confluence
Old Toongabbie — Bogalara Creek
Westmead, Wentworthville and Constitution Hill - Finlaysons, Coopers and Milsons Creeks
Harris Park and Rosehill — along Clay Cliff Creek
Rydalmere and Ermington foreshore areas — Lower Parramatta River
Shell Oil along Duck Creek and Duck River.

Flood Emergency Response Planning classification of communities and Flood Planning Constraints
Categories have been assessed for Significant Areas to inform Council and SES regarding land-use
planning and emergency management planning in future stages.

The updated Parramatta River Flood Study presents contemporary flood models and mapping for Council’s
use in planning decisions and to form the basis for the future stages of floodplain risk management.

This Final Draft Flood Study is suitable for review to ensuresall parties are satisfied with the outcomes of the
study for recommendation for adoption by Council for Public Exhibition.

13.2 Recommendations

13.2.1  General
Stantec recommends the following updates/o be considered for future model updates:

If computing power permits, it is recommended to merge multiple 2D domain layers and tributary
models within the Local Government Area (LGA) into a single TUFLOW HPC/Quadtree model.

Update the model with detailed survey information to improve the accuracy of the captured data.
Additionally, reassess assumptions made for existing bridges, basins, pits & pipes, and fences.

Based on the limitations/mentioned in the WSL gauges, it is recommended that the Council installs
rain gauges at strategic locations to enhance calibration accuracy, especially for the tributary
models.

Incorporate any additional elements that have been identified as limitations and consider any
modelling comments that do not impact the quality of the current flood results.

In accordance with the recommendation from the Department of Planning and Environment (DPE)
for flood risk management, modal consider longer duration Probable Maximum Floods (PMFs)
where the peak,is less than the critical duration but the isolation persists for a longer period,
primarily for evacuation purposes.

Continue.to improve FFA curve by incorporating data from recent rarer storm events. This will
enhance theraccuracy of the flood modelling and provide a more comprehensive understanding of
the flood risk=within the area.

13.2.2 Hydrology model

The Hydrolegy model developed for this study used XP-RAFTS software. Unfortunately, the software
developers.arewno longer providing software updates to ensure functionality of the software with current
industry standard methods in Australian Rainfall and Runoff 2019. As such, the models developed, while
suitablexfor defining flood behaviour for this study, are cumbersome to use and not practical for use in future
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phases of the floodplain risk management process or for issue to developers/community for assessments in
individual catchments.

Council, through discussions with the Department of Planning, Industry and Environment (DPIE),
commissioned WMAWater to develop an alternate hydrology model using the Watershed Bounded Network
Model (WBNM) software. This model is a simplified model, it is free software, making it more,accessible and
has been calibrated to historic events and shows good correlation with the XP-RAFTS,model design flow
estimates. It is recommended that the alternate WBNM hydrology model be used for any additional event or
scenario modelling and in future for the Floodplain Risk Management Study and Plan phase.

For developments requiring use of Council’s flood models, other than for major infrastructure development or
urban development Precinct planning, it is not anticipated that individual developments will have major
alteration to design flows, especially if compliant on-site detention is provided for,new developments. As
such, it may not be necessary for Council to release the hydrology model and‘the developer can use the
inflows in the hydraulic model as is. Release of hydrology models will only beswrequired if the subject of flood
modelling will require alteration of sub-catchments within the hydrology model'to“appropriately define
changes to flows.

13.2.3 Hydraulic Models

The hydraulic models have been divided into seven models to simulate, fload behaviour across the Study
Area (described in Section 8.1). The models have been run usingithe/GPU version of the TUFLOW software.
Models should be run using GPU and the same model version of the TUFLOW software as used in this study
(version 2020-10-AA_iSP_w64) to ensure replication of the documented results.

There is an overlap between the Mainstream model and the Tributary and Overland Flow models. The
appropriate model to use for an area of interest should consider both mechanisms of flooding and determine
which is critical for the design event of interest. For Examplenin Constitution Hill, Wentworthville and
Westmead area, two models are relevant: Model 1: Mainstream; and Model 4: Finlaysons, Coopers and
Milsons Creeks. For events up to the 1% AEP event, local,catchment flooding is dominant and Model 4
should be used for most areas. However, for the PMF, 'mainstream flooding is dominant and Model 1 should
be used.
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