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Attention: Sophia Findlay

Dear Sophia

RE: FLOOD MODELLING OF NORMAN GRIFFITHS OVAL

Background

Torrent Consulting was engaged by Ku-ring-gai Council (Council) to undertake flood modelling of proposed
flood detention infrastructure at Norman Griffiths Oval, 30 Lofberg Road, West Pymble. The proposed
redevelopment of the oval incorporates the replacement of the grassed surface with a synthetic turf on top
of an underground detention (provided by means of StormTech chambers and coarse aggregate with a
water retaining capacity of 2.4ML).

Previous modelling of the local catchment (Quarry Creek) and earlier oval redevelopment options has been
undertaken, including most recently in Norman Griffiths Oval - Flood Risk Investigation (BMT, 2020) using
DRAINS software hydrology inputs and TUFLOW 2D hydraulic model software. The BMT (2020) study built
upon the earlier model development by Jacobs (2018).

Subsequent to this modelling, the design configuration of the proposed oval redevelopment and flood
detention infrastructure has progressed. Accordingly, Council sought to update the flood modelling and
assess potential impacts of the redevelopment on existing design flood conditions. Further, the release of
Australian Rainfall and Runoff 2019 guidelines (ARR2019) supersedes the hydrological modelling
approaches adopted in the previous DRAINS model.

The objective of the current assessment is to update existing modelling to represent proposed modified
configurations of the stormwater detention infrastructure and assess potential impacts relevant to ARR2019
design hydrology.

Existing Model Configuration

The TUFLOW model from BMT (2020) for the baseline scenario (pre-development conditions) was utilised
as the base for the current model development. A detailed review of the model has not been undertaken,
however, as Council’s adopted model it is assumed fit for purpose. The existing model extent and key
schematisation features is shown in Figure 1 with a summary of the general model configuration is provided
hereunder:

e Model Domain and Topography — the model domain covers the full catchment of Quarry Creek
extending to the confluence with Lane Cover River. The adopted TUFLOW model resolution is 2m
with the underlying model topography based on LIiDAR data.
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e Building representation — buildings footprints potentially within overland flow paths were removed
from the model domain via a zero code in the 2d_code layer.

e Stormwater Drainage Network — extensive network of stormwater pits and pipes, open channels
and cross drainage structures incorporated in relevant one-dimensional model layers.

e Hydraulic Roughness — Mannings’ ‘n’ representation of hydraulic roughness defined by land use
categories comprising roads, grassed surface, urban blocks, waterways, dense vegetation,
hardstand areas and buildings.

e Inflow Boundaries — design flow hydrographs derived from the DRAINS model applied as source
area (2d_sa) boundaries directly to surface or modelled pits/pit groups as per Figure 1.

e Downstream Boundary - The downstream boundary of the model extends well downstream of
Norman Griffiths Oval towards the confluence with Lane Cover River adopting a model derived
stage-discharge relationship based on the local topography and nominal hydraulic slope.

Model Configuration Changes

The main objectives of the model updates are to redefine existing flood conditions based on ARR2019
hydrological methods and represent the proposed Norman Griffiths Oval redevelopment works, in particular
the stormwater drainage and detention infrastructure.

Model Approach

The base model was modified to simulate rainfall-runoff response via the direct rainfall (rainfall on grid)
functionality. Surface flows are generated directly within the hydraulic model without the requirement for a
separate hydrological model (e.g. DRAINS model previously used). The direct rainfall approach for the
catchment is considered to improve on the predefined inflow distribution to the stormwater drainage network
(as adopted from the DRAINS model) with a better representation of the overland flow distribution
throughout the catchment.

The model has also been run in HPC (Heavily Parallelised Compute) simulation mode providing
advantages in simulation times and model stability for the whole of catchment direct rainfall modelling.

ARR2019 design rainfall inputs

The release of the ARR2019 guidelines provides updated procedures for design flood estimation. This
includes updated intensity-frequency-duration (IFD) rainfall estimates and application of a suite of revised
temporal patterns for establishing critical design flood conditions.

The design rainfall depths were sourced from the BoM IFD portal and are summarised in Table 1 for various
design event magnitudes and storm durations. Note that only the 1% AEP event has been simulated for
the assessment, with other design rainfalls provided for reference.

Notwithstanding the recent NSW-specific guidance on initial loss and a continuing loss for undeveloped
catchment, the majority of the catchment is urbanised. There are some differences in the rainfall loss
models within the DRAINS and TUFLOW models, however, some consistency was maintained. Losses for
road corridors and hardstand areas were adopted as 1 mm initial loss and 0 mm/h continuing loss. For
developed urban areas these losses were modified to account for ~50% impervious area providing an initial
loss of 2 mm (depending on storm event) and a continuing loss of 1 mm/h. Grasses and vegetated areas
adopted 5 mm initial loss and 2 mm/h continuing loss
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Table 1 — Design IFD Rainfall

D(‘;;?;LO)” 10% AEP 5% AEP 2% AEP 1% AEP 0.5% AEP
10 22.5 25.9 30.5 34.2 36.8
15 28.1 32.5 38.3 42.8 46.1
20 32.2 37.2 43.8 49.1 52.9
25 35.4 40.9 48.2 54 58.2
30 38 43.9 51.7 58 62.6
45 43.9 50.6 59.8 67.2 72.7
60 48.3 55.7 65.9 74.2 80.4
90 55.2 63.7 75.6 85.3 92.3
120 60.9 70.4 83.7 94.6 102.7
180 70.8 82 97.9 110.7 119.7
270 83.7 97.3 116.8 131.7 141.7
360 95.2 110.9 132.8 150.8 161.7

Direct Rainfall

A number of model changes were made to facilitate the direct rainfall modelling approach. All DRAINS
model inflow hydrographs were removed and replaced with a single catchment-wide rainfall layer
referencing the appropriate design ARR2019 rainfall and temporal pattern. All building polygons previously
removed from the model domain via the code layer were reinstated to include the roof area runoff with the
direct rainfall approach.

Existing Design Flood Conditions

The TUFLOW model was simulated (using the HPC solver) for the 1% AEP design rainfall event for storm
durations ranging from ten minutes to 360 minutes. The ARR 2019 guidelines ensemble method to design
flood hydrology involves the simulation of ten rainfall temporal patterns for each design event magnitude
and duration, with the average condition of the ten being adopted for design purposes. The point rainfall
temporal patterns provided for the East Coast South temporal rainfall region were adopted for the ensemble
method accordingly.

The TUFLOW model simulations were analysed downstream of Norman Griffiths Oval to identify the critical
duration, i.e., that which produces the peak flood flows for the 1% AEP design event magnitude. This is
undertaken by calculating the average peak flood flow and the peak flood flow variance of the ten simulated
hydrographs for each design event duration and magnitude.
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The box-plot shown in Figure 2 illustrates the variation of the discharge predicted by the ensemble patterns
across the simulated durations. The 25-minute duration was identified as being critical for the 1% AEP
event, providing for the highest mean flow of 9.9 m3s downstream of Norman Griffiths Oval (PO line
reference 94). The design temporal pattern ID 4458 (TP03) was selected as producing hydrographs most
representative of the mean design condition from the results of the ensemble method with corresponding
peak flow of 10.0 m¥/s.
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Figure 1 Critical Duration Analysis for Downstream of NGO (Plot Output line 94)

A comparison of the simulated peak design flows in the current model and BMT (2020) model is shown in
in Table 2 for downstream of Norman Griffiths Oval. Similar peak design flows for the 1% AEP event are
simulated despite the different hydrological inputs and modelling approaches.

Table 2 — Modelled 1% AEP Peak Design Flows (m?/s)

Location Current Model BMT (2020)

D/S Norman Griffiths Oval 10.0 9.6

Further comparison of the simulated design flow hydrographs downstream of Norman Griffiths Oval for the
current model and BMT (2020) model is shown in Figure 3. The timing differences is representative of the
adopted critical duration and temporal patterns based on the ARR2019 and ARR1987 hydrology inputs,
being the 25-minute and 60-minute durations respectively.
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Figure 3 Simulated Hydrographs for Downstream of NGO (Plot Output line 94)

The larger total rainfall depth for the 60-minute hydrograph provides for an overall higher flood volume.
However, the relative shorter duration intensities embedded in the temporal pattern provide for similar peak
flows. This is evident in the input rainfall hyetographs for the respective events as shown in Figure 4, with
peak 5-minute rainfall burst of 19.4mm for the ARR2019 25-minute (TP03) event compared with 17.9mm
for the ARR1987 60-minute event.
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Figure 4 Design Rainfall Hyetographs

The simulated peak 1% AEP flood inundation extents and flood depth distribution for existing conditions is
shown in Figure 5 corresponding to the adopted critical event (25-minute TP03). The simulated flooding
conditions are similar to those mapped previously in BMT (2020), with additional resolution of the overland
flow paths as noted.
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Norman Griffiths Oval Drainage Works

The proposed works as described in the Review of Environmental Factors (WillowTree Planning, 2023)
involves capture, detention and quality treatment of stormwater run-off associated with the new synthetic
playing field and upper catchment flows. Key components of the proposed stormwater treatment and
detention system are as follows:

CDS Unit to filter upper catchment flows from the northeast. The proposed CDS Unit will be located
along the north-eastern boundary of the site and requires partial demolition of the existing box
culvert and pit to connect to proposed diversion chamber. The CDS filters rubbish, debris,
sediment, and hydrocarbons from upper catchment stormwater runoff before directing flows into
under-field detention basin.

Inlet pipes along the sides of the field to capture upper catchment flows from the northwest and
southeast. Inlet pipes along the sides of the field will allow upper-catchment stormwater flows from
the northwest and southeast to permeate into the under-field detention basin.

Under-field detention with 2.4 megalitre capacity within sub-surface aggregate layer. The under-
field detention basin has sufficient capacity to accommodate stormwater flows from the subject site
and upper-catchment areas up to a 1% AEP storm event.

Two (2) under-field Stormtech SC-740 Chambers. The Stormtech Chambers will attenuate
stormwater flows and convey flows to the southwest of the site.

Bio-Retention Basin 226m2. The proposed Bio-Retention Basin will be located along the
southwestern edge of the field and will provide quality treatment for stormwater prior to discharging
to a pit system which connects to the existing 1050mm dia underground stormwater pipe.
Retention of existing 1050mm dia under field stormwater pipe for integration into proposed system,
when flows exceed the capacity of the CDS unit overflow, the CDS weir and be conveyed to the
southwest through the existing 1050mm dia underground stormwater pipe

The general layout is shown in Figure 6 with plans of key infrastructure included in Appendix A.
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Figure 6

Proposed Stormwater Drainage System
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The key elements of the proposed works have been represented in the TUFLOW model as summarised
below:

e Diversion Chamber / CDS Unit — the existing stormwater pit was modified to represent the hydraulic
controls forming the diversion chamber configuration including:

o CDS Unitinlet —represented as rectangular culvert control section 0.45m x 0.45m for CDS flow
discharging to first 600mm dia inlet pipe to Stormtech chamber.

o Weir 1 — control weir directing CDS inlet flow with overtopping bypass flow to Weir 2 control.
Modelled as rectangular broad crested weir of 1.8m width at crest level 71.65m AHD.

o Weir 2 — control weir directing CDS bypass flow to second 600mm dia inlet pipe to Stormtech
chamber with overtopping to existing 1050mm dia stormwater pipe under field. Modelled as
rectangular broad crested weir of 1.95m width at crest level 71.65m AHD.

¢ Inlet pipes — pipe connection from CDS unit and Weir 1 (low flow and bypass) to Stormtech chambers.
Comprises two lines of 600mm dia pipe.

e Stormtech chambers — under field Stormtech chambers represented as two parallel lines (86.8m in
length) of rectangular culvert 1.2m x 0.5m (representative cross section area).

e Under-field detention - subsurface storage (derived via aggregate layer void) represented in the model
as open channel section on each side of Stormech chambers. Cross sections are defined as per the
subgrade layer sections in Turf One dwg 023 REV H (refer to Appendix A). Channel length modified by
void ratio to provide the appropriate volumetric storage (nominally 2.4 megalitres).

e StormPRO pipes — under field pipes connecting Stormtech chambers to pit outlet structure at
downstream end of field. Represented as two runs of 600mm dia pipe.

o Downstream Pit outlet — pit structure receiving Stormpro pipes and discharging to 450mm outlet pipe.
Pit overflow represented by 2 x 2.1m x 0.15m rectangular section at control level of 71.5m AHD
discharging to surface at downstream bioretention.

e Outlet pipe — 450mm dia pipe from field outlet pit connecting to existing 1050mm dia stormwater pipe
downstream of the field.

A schematic of the model representation of the proposed works and integration with the existing modelled
drainage infrastructure is shown in Figure 7. Invert levels of pit/pipe infrastructure adopted as per the
detailed plans in Appendix A. Adopted Manning’s ‘n’ of 0.013 for all new pipes and culverts as per Optimal
(2023).

It is understood the playing field is to be designed to be flood free (no surface flow) at the 1% AEP flood
magnitude. Under existing conditions, once the stormwater system capacity is exceeded overland flows
downstream of Lofberg Road sheet across the field. It is expected the field design would provide for
appropriate perimeter bunding and/or swale design to direct excess flow around the field. The model
representation has adopted a filed surface elevation to remain flood free and represent diversion of excess
overland flow around the field perimeter.

The simulated peak 1% AEP flood inundation extents and flood depth distribution for the proposed design
conditions is shown in Figure 8 corresponding to the adopted critical event (25-minute TP03).
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Flood Impact

Comparison of the simulated design flow hydrographs downstream of Norman Griffiths Oval for the existing
conditions and proposed conditions is shown in Figure 8. The peak flows and hydrographs shapes remain
quite similar between the existing and proposed conditions. The simulations indicate the proposed works
to be effective in providing a similar flood conveyance and detention function to the existing conditions. The
proposed design condition peak flow of 9.3m?3/s at this location is a small reduction in the corresponding
existing condition peak flow of 10.0m?3/s.
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Figure 8 Simulated Hydrographs for Downstream of NGO (Plot Output line 94)

The relative impact of the proposed development has been considered in terms of potential changes to
existing flood behaviour. The impact of the proposed development on existing design flood conditions can
be better understood in a spatial context through comparison of the change in modelled peak flood levels.
The simulated change in peak flood inundation extents and levels is presented in Figure 9 for the 1% AEP
event.

Figure 9 shows the exclusion of inundation of the proposed field and the subsequent change in peak flood
level upstream and downstream of the works. A minor reduction in peak flood level (<0.05m) is shown in
the upstream area around Lofberg Road. This likely a function of the improved drainage capacity provided
by the proposed stormwater infrastructure. Similar reductions in peak flood level are shown downstream of
Norman Griffiths Oval which would correspond to the minor reductions in peak flow as demonstrated in
Figure 8.

Increases in peak flood level are shown around the northern and eastern perimeter of the field. This is
associated with the diversion of overland flow exceeding the stormwater drainage system capacity, with
the proposed playing field to remain free of surface inundation. The simulated impact does not extend
beyond the general oval area and does not impact neighbouring property.
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Conclusion

Torrent Consulting was engaged by Ku-ring-gai Council to undertake flood modelling of proposed flood
detention infrastructure at Norman Griffiths Oval. The proposed redevelopment of the oval incorporates the
replacement of the grassed surface with a synthetic turf on top of an underground detention (provided by
means of StormTech chambers and coarse aggregate with a water retaining capacity of 2.4ML).

This assessment has included modification of existing models developed for the Quarry Creek catchment
(BMT, 2020). The modifications include:

e Conversion of existing TUFLOW model to direct rainfall (rainfall on grid) simulation of rainfall runoff
process replacing existing DRAINS model hydrological inputs.

e Update of hydrological inputs to ARR2019 approaches, specifically incorporating changes to design
rainfall and ensemble temporal patterns.

e Incorporation of proposed stormwater and detention infrastructure in hydraulic model

The modified model provides for updated baseline (existing) design flood conditions for the simulated 1%
AEP design event. Peak design flows in the vicinity of Norman Griffiths Oval were found to be relatively
similar to the previous adopted Council conditions.

The simulation of the proposed stormwater drainage works associated with the oval redevelopment
indicates the stormwater drainage system capacity and detention function to perform similarly to the existing
system in managing potential flood impact to the downstream environment.

We trust that this report meets your requirements. For further information or clarification please contact the
undersigned.

Yours faithfully

Torrent Consulting

Darren Lyons

Principal Water Resources Engineer
CPENg MIEAust
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APPENDIX A - Design Details
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