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Glossary

AEP Annual Exceedance Probability

AHD Australian Height Datum

ARI Average Recurrence Interval

ALS Airborne Laser Scanning

BOM Bureau of Meteorology

DECC Department of Environment and Climate Change
DRM Digital Rainfall Method

DTM Digital Terrain Model

FLC Bridge Form Loss Coefficient

GIS Geographic Information System
mAHD meters above Australian Height Datum
PMF Probable Maximum Flood

TUFLOW  one-dimensional (1D) and two-dimensional (2D hydraulic
modelling software package
WBNM Watershed Bounded Network Model (hydrologic computer model)
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Executive summary

Arup has provided support to SMEC, who has been commissioned by Roads and
Maritime Services (Roads and Maritime) to carry out a concept design and an
environmental assessment for a new bridge and associated road works over the
Shoalhaven River. The proposed bridge would be located immediately upstream
(west) of the existing bridge crossings over the Shoalhaven River at Nowra.

This report details the flooding and hydrology assessment for the proposed bridge.

A TUFLOW hydrodynamic model of the Shoalhaven River was utilised to assess
the flood immunity and potential flood impact of the proposed bridge on the
floodplain. The flood model was developed as part of the Shoalhaven River Flood
Study (WMAwater, 2013). A number of design flood events, ranging from 10%
AEP to 0.05% AEP and an extreme flood event, were analysed to determine flood
immunity and associated flood impact of the proposed bridge.

The assessment concluded that the proposed bridge design and intersection upgrade
at Bridge Road and Illaroo Road achieves flood immunity for the range of flood
events up to and including the 1% AEP.

The proposed bridge design results in an increase in peak flood levels of up to
0.15 m upstream of the proposed bridge, mostly within the river banks for up to an
including the 1% AEP flood event. No impact is seen on private property for flood
events of equal or smaller magnitude than a 5% AEP. However, the proposed design
increases peak flood levels at a limited number of properties near Moorhouse Park
by about 0.2 m for the 2% and 1% AEP. No flood mitigation measures have been
recommended due to the following considerations:

e A flood level increase of 0.2 m is unlikely to increase flood hazard and damage
costs for these properties as, under current conditions, these properties are
currently inundated by about 2.2 m and 2.8 m in a 2% AEP and 1% AEP flood
event, respectively. An additional 0.2 m depth of inundation is considered
negligible in comparison

e Any potential flood mitigation option (eg levee) would be very costly and
greatly disproportionate to the benefits provided by such mitigation.

An assessment of the potential flood impact due to climate change has been carried
out considering the following scenarios:

e Scenario 1 - 10% increase in rainfall intensity of 1% AEP, coupled with 0.4 m
seal level rise

e Scenario 2 - 30% increase in rainfall intensity of 1% AEP, coupled with 0.9 m
seal level rise.

The results of the model showed increases in peak flood levels upstream of the
proposed bridge by 0.4 m and 1.3 m, respectively under the climate change
scenarios.
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1 Introduction

1.1 Project overview

Roads and Maritime Services NSW (Roads and Maritime) proposes to construct a
new bridge on the Al Princes Highway over the Shoalhaven River. The proposal
includes the construction of a new four lane bridge to the west (upstream) of the
existing bridge crossings and the removal of existing vehicular traffic from the
existing southbound bridge. The proposed works also include the upgrade of about
1.6 kilometres of the Princes Highway near the bridge, as well as providing key
intersection upgrades and modifications to the local road network. The proposal
would improve access to Nowra and the surrounding areas, improve southbound
access for large freight vehicles, and improve traffic flows.

Key design features of the proposal include:

e Construction of a new bridge to the west (upstream) of the existing bridge
crossings, including:

o Four northbound lanes including a dedicated left turn only lane from Bridge
Road to Illaroo Road

0 A three-metre wide shared use path on the western side of the bridge
connecting the Illaroo Road intersection to the Bridge Road intersection

¢ Widening of the existing bridge over Bomaderry Creek to the west (upstream)

e Minor lane adjustments on the existing northbound bridge to convert it to three
lanes of southbound traffic

e Removal of vehicular traffic from the existing southbound bridge. Additional
works would be provided under a separate project to convert the existing
southbound bridge for adaptive reuse

e Upgrading of the Princes Highway to provide three northbound and three
southbound lanes from Bolong Road through to about 75 metres north of Moss
Street

e Widening of lllaroo Road over a distance of about 340 metres
e Upgrading of the Princes Highway and Illaroo Road intersection to provide:

o Two southbound right turn lanes from the Princes Highway into Illaroo
Road

0 Three dedicated right turn lanes and one dedicated left turn lane from Illaroo
Road to Princes Highway

o Acceleration and merge lane for northbound traffic turning into Illaroo Rd
from Princes Highway

e Upgrading of the Princes Highway and Bridge Road intersection to provide:

o Two southbound right turn lanes from the Princes Highway into Bridge
Road
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0 One left turn lane from Bridge Road to the Princes Highway
e Local road adjustments including:
o Closing the access between Pleasant Way and Princes Highway

0 Restricting turning movements at the intersection of Bridge Road and
Scenic Drive

o Construction of a new local road connecting Lyrebird Drive to the Princes
Highway about 300 metres south of the existing Pleasant Way intersection

e Provision of pedestrian facilities at all intersections
e Dedicated off road shared paths and footpaths along the length of the proposal

e Urban design and social amenity improvements, and landscaping including
foreshore pedestrian links to the truss bridge

e Relocation and/or protection of utility services within the affected road corridor
e Drainage and water quality management infrastructure along the road corridor
e Property works including acquisition, demolition, and adjustments to accesses

e Temporary ancillary facilities during construction including site offices,
construction compounds, and stockpile sites.

1.2 Review of relevant government policies and
guidelines

This section documents the relevant government policies and guidelines which have
been reviewed in carrying out the flood impact assessment.

1.2.1 NSW Floodplain Development Manual

NSW Floodplain Development Manual (2005) has been prepared in accordance
with the NSW Government’s flood prone land policy.

This manual outlines the general principles and the process of flood risk
management. It also provides guidelines and tools to identify and assess a variety
of flood mitigation measures to minimise any adverse flood impact and maximise
the environmental and economic benefits.

The manual highlights the need for consideration of climate change impact in both
the flood study and the flood risk management study since the degree of impact will
vary with locations, and may result in a significant impact on flood mitigation
measures.

1.2.2 Climate change guidelines

In addition to the NSW Floodplain Development Manual, further climate change
guidelines include:
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e Floodplain Risk Management Guideline — Practical consideration of climate
change (DECC, 2007)

e NSW Sea Level Rise Policy Statement (New South Wales Government, 2009).

Floodplain Risk Management Guideline (DECC, 2007) recommends the sensitivity
analysis on climate change impact upon the increase in sea levels and rainfall
intensities as below:

e Increase in ocean levels
0 0.18 m—low level ocean rise
0 0.55 m - medium level ocean rise
0 0.91 m - high level ocean rise

e Increase in peak rainfall and storm volume
0 10% - low level rainfall increase
0 20% - medium level rainfall increase
0 30% - high level rainfall increase.

The NSW Sea Level Rise Policy Statement (2009) provides sea level rise
recommendations:

e 0.4 m- Dby the Year 2050
e 0.9 m- by the Year 2100.

Floodplain Risk Management Guideline (DECC, 2007) states that climate change
related sensitivity analysis should also consider combined sea level rise and rainfall
factors where applicable.

1.2.3 Shoalhaven Development Control Plan 2014

The Shoalhaven Development Control Plan 2014 (Shoalhaven DCP, 2014) has been
prepared by Council and provides detailed development guidelines and controls to
specific types of development or areas of land. Chapter G9 of Shoalhaven DCP
(2014) provides guidance for potential land development on flood prone land.

Chapter G9 outlines one of the requirements for flood assessment reports:

“Appropriate consulting engineers report for earthworks of volumes exceeding 250
cubic metres or with a length of more than 20 metres. This report is to prove that
the earthworks will not increase flood hazard, flood damage or adversely affect
other properties for a 5% AEP up to the PMF scenario.”

1.3 Assessment objectives

The key issues/activities required for this flooding and hydrology assessment study
are documented in Section 3.4 of the project brief, and are as follows:

e Carry out a hydraulic modelling under the existing and the proposed concept
design conditions for a range of flood events, including the 10%, 5%, 2%, and
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1% AEP events, as well as the Extreme Event. The Extreme Event represents a
flood with a peak flow over twice the 1% AEP peak flow (Reference 9)

o Identify the existing flood risks in and near the proposed project boundary

¢ Investigate the flood behaviour under the concept design conditions to ensure
that the proposed bridge design meets the flood immunity requirements

e Investigate the ultimate flood effects of the proposed road upgrade

e Investigate the upstream and downstream flood impact of the proposed design
to ensure that the proposed project does not cause a significant adverse flood
impact on properties

¢ Investigate the potential flood impact arising from climatic change.

1.4 Flood and flood immunity requirements

The Secretary’s Environmental Assessment Requirements (SEARs) are the
government's requirements to be addressed in an Environmental Impact Statement
(EIS).

An EIS is typically prepared when the environmental impact of the proposal is
expected to be significant. Through the development and investigation process of
the proposal, it was determined that environmental impacts were not as significant
as initially envisaged. As such, a Review of Environmental Factors (REF) was
prepared.

While the SEARs are no longer applicable to the project, they have still been used
as the basis for the scope of the flooding and hydrology assessment. The SEARs
for the flooding assessment are listed in Table 1.

Table 1: Flooding and climate change criteria

Standard SEARs Report section where
addressed
Flooding Section 5

The Proponent must assess the impact on flood behaviour for a full
range of flood events up to the probable maximum flood, including

e consistency with relevant floodplain risk management plans

e the flood impact on flow velocities and directions, and
impact on the bed and bank stability

o serviceability effects of afflux on adjacent properties and the
stability of the adjacent road embankment — 100 years
Average Recurrence Interval (ARI)

o ultimate limit state of bridges, major drainage structures and
major retaining walls — (item 9 in “Minimum ARI” table -
section 4.6.2.2 of Project Brief) Average Recurrence
Interval (ARI)

e impact on existing community emergency management
arrangement any potential flood impact on properties, assets
and infrastructure.
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Standard SEARs Report section where
addressed
Climate change risk Section 6

The Proponent must assess the risk and vulnerability of the project to
climate change in accordance with the current guidelines.
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2 Review of previous studies

The Shoalhaven River catchment covers an area of 7,000 km2, in which the
Lower Shoalhaven River floodplain includes approximately 120 km2 of
floodplain downstream of Nowra.

To effectively manage flood risk in the catchment, Shoalhaven City Council
completed the following studies for the Lower Shoalhaven River floodplain in
accordance with the Floodplain Management Manual (2005):

e Lower Shoalhaven River Flood Study (Webb, Mckeown & Associates, 1990)

e Lower Shoalhaven River Floodplain Risk Management Study (Webb,
Mckeown & Associates, 2008)

e Lower Shoalhaven River Floodplain Risk Management Plan (Webb,
McKeown & Associates, 2008)

e Lower Shoalhaven River Floodplain Management Study and Plan — Climate
Change Assessment (WMAwater, 2011)

e Shoalhaven River Flood Study (WMAwater, 2013).

2.1 Lower Shoalhaven River Flood Study (Webb,
Mckeown & Associates, 1990)

The Lower Shoalhaven River Flood Study (1990) was completed by Webb,
McKeown & Associates, on behalf of Public Works Department in 1990.

In the flood study, a hydrological Watershed Bounded Network Model (WBNM)
was utilised for the entire Shoalhaven River catchment to convert rainfall into
flow hydrographs, which were used as input flows to simulate a quasi two-
dimensional hydraulic model, termed as the “Cell Model”. This hydraulic model
defined the flood behaviour in terms of flood levels, velocities and flows within
the hydraulic model extent.

The two models were calibrated and verified against the historical flood events of
August 1974, June 1975, October 1976, March 1978 and April 1988.

2.2 Lower Shoalhaven River Floodplain Risk
Management Study (Webb, McKeown &
Associates, 2008)

The Lower Shoalhaven River Floodplain Risk Management Study was undertaken
by Webb, McKeown & Associates in 2008. This study is a sequential study

following the 1990 flood study, which was aimed at achieving the following
objectives:

e Identify the potential flood problems within the study area
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e Define the nature and the extent of flood risk for the study area by classifying
the floodway and the flood hazard

e Evaluate the feasibility and effectiveness of a range of flood mitigation
measures in the context of social, ecological, environmental and economical
assessment.

2.3 Lower Shoalhaven River Floodplain Risk
Management Plan (Webb, McKeown &
Associates, 2008)

Webb, McKeown & Associates completed the Lower Shoalhaven River Floodplain
Risk Management Plan in 2008 for Shoalhaven City Council, as a follow-up to the
Lower Shoalhaven River Floodplain Risk Management Study. This plan provided
recommendations of flood management measures, and developed the plan
implementation to effectively manage the flood risk in the Lower Shoalhaven River
floodplain.

2.4 Lower Shoalhaven River Floodplain
Management Study and Plan - Climate Change
Assessment (WMAwater, 2011)

This climate change assessment report is an amendment to Lower Shoalhaven River
Floodplain Management Study and Plan (Webb, McKeown & Associates, 2008),
which incorporated the climate change scenarios. This report provided a flood
impact assessment for various climate change scenarios, and developed adaption
strategies for inclusion of climate change impact in development controls and
floodplain management plans.

It is noted that the CELLS hydraulic model established in the 1990 Lower
Shoalhaven River flood study was utilised for all the above studies.

2.5 Shoalhaven River Flood Study (WMAwater,
2013)

Shoalhaven River Flood Study prepared by WMAwater in 2013 for Shoalhaven
Starches supersedes the 1990 Lower Shoalhaven River Flood Study. A 2D
hydrodynamic TUFLOW model was developed to define flood behaviour for the
10%, 5%, 2%. 1%. 0.5%, 0.2% AEP design events, and an Extreme Event.

The TUFLOW model was calibrated to ensure its ability to reproduce historical
flow behaviour along the floodplain. Historical flood events utilised in the
calibrations process were August 1974, June 1975, March 1978 and April 1988.
The calibrated model produced results which reasonably matched recorded data, in
particular, near the existing Nowra bridge crossings.

The climate change assessment was undertaken for the 1% AEP event by simulating
a range of climate change scenarios, including a rainfall intensity increase of 10%,
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20%, and 30%, as well as sea level rise of 0.4 m and 0.9 m, respectively. The results
indicated that sea level rise have minimal impact on peak flood levels near the
existing Nowra bridge crossings.
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3 Modelling methodology

Flood behaviour in a floodplain is generally derived using hydrological and
hydraulic models to simulate past flood behaviour and estimate likely flooding
given a certain rainfall event. A hydrological model converts effective rainfall into
runoff and a hydraulic model converts runoff into water levels and velocities.

3.1 Hydraulic modelling - TUFLOW

The current flood assessment utilised the hydrodynamic one and two dimensional
(1D/2D) TUFLOW model derived in the Shoalhaven River flood study
(WMAwater, 2013) to derive design flood behaviour. The model extent covers an
area of about 170 km?2. The model extent and the TUFLOW layout are shown in
Figure 1 (presented at the end of the report).

3.1.1 Model terrain

The model bathymetry has been developed using two data sources, namely
Airborne Laser Scanning (ALS) and river bathymetry.

Floodplain ground levels were sourced from ALS survey obtained in 2012. The
river bed levels were derived from a detailed bathymetric survey of the river
completed in November 2006.

The hydrodynamic model adopted a rectangular grid size of 15 m.

3.1.2 Boundary conditions

The inflow hydrographs to the hydraulic model upstream of Nowra Bridge were
sourced from the WBNM hydrological model.

The “Direct Rainfall” method (DRM) was applied for Bomaderry Creek, Broughton
Creek, and the Crookhaven River.

The downstream ocean conditions of the hydraulic model were defined by two tidal
time series at Shoalhaven Heads and Crookhaven River sourced from the 1990
Lower Shoalhaven River flood study.

3.1.3 Hydraulic roughness

The adopted Manning’s ‘n’ roughness values for different land uses are presented
in Table 2. These values were obtained and modified through model calibration /
validation processes as per the flood study (WMAwater, 2013).

Table 2: Adopted roughness values

Land use type Roughness value
Heavy Vegetation 0.12

In-bank 0.023

Roads 0.02
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Land use type Roughness value
Isolated High Rough Areas 0.15

Riparian Areas 0.08

Low Vegetation 0.04

House Null Cell

3.1.4 Model version

The model was run using TUFLOW version 2013-12-AA-w64-1DP to be consistent
with the version utilised in the flood study (WMAwater, 2013).

3.2 Bridge modelling in TUFLOW

The alignment of the proposed bridge is straight, parallel to the existing northbound
bridge. The proposed bridge alignment and construction boundary are shown in
Figure 2 (presented at the end of the report).

The project also includes upgrading road intersections at Bridge Road, 1llaroo Road
and Bolong Road to achieve an improved interface between the proposed bridge
and the bridge approaches. The design surfaces at these intersections were
incorporated into the hydraulic model for the design scenario.

3.2.1 Bridge form loss coefficient

The proposed bridge has nine piers which match the spacing and location of the
existing bridges’ piers. This design minimises flood impact and improves flood
conveyance. The proposed bridge was modelled as a 2D flow constriction in the
TUFLOW model.

Hydraulics of Bridge Waterways (Bradley, 1978) provides a methodology to derive
energy head loss of a bridge. In TUFLOW, this is represented by the bridge form
loss coefficient (FLC).

The estimated FLC of the proposed bridge is 0.13. A summary of the bridge pier
details and the FLC calculation is presented in Appendix F.

Detailed drawings of the proposed bridge are presented in Appendix G. Drawings
for the existing northbound bridge are included in Appendix H.
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4 Existing flood risk

The 1990 flood study simulated a range of design events from 18 to 72 hours
duration for the 1% AEP, and identified that the critical duration is 36 hours. The
36-hour event was adopted for all the design events in the 2013 flood study. To be
consistent with the previous studies, the 36-hour event has also been adopted for all
of the design events in this flooding and hydrology assessment study.

4.1 Model modifications

The existing bridges were modelled as 2D flow constrictions. While the model
adopted blockage due to pier influence in flood behaviour, no blockage was adopted
to represent bridge deck. Additionally, the existing model did not include
Bomaderry Bridge.

The Council’s existing model has been modified for this flooding and hydrology
assessment to better represent flood behaviour when bridges become submerged
during large flood events (greater than 1% AEP events) as follows:

e Update the 2D flow constriction layer of the existing bridges to include 100%
blockage of bridge deck when the flood level si higher than the bridge soffit level

¢ Include a 2D flow constriction layer of Bomaderry Bridge.

4.2 Existing flood risk

The peak flood depth figures for the 10%, 5%, 2%, 1%, 0.05% AEP event, and the
Extreme Event for the existing scenario are shown in Appendix A. The figure
numbers corresponding to these events are summarised in Table 3.

4.2.1 Derivation of 0.05% AEP flood event

Australian Rainfall and Runoff (ARR) 1998 — Book VI provides guidance on the
derivation of large to extreme flood events. The guideline prescribes how to
interpolate the 1% AEP and PMP rainfall to estimate 0.05% AEP rainfall. The
rainfall is then converted into runoff and then applied into hydraulic models to then
derive 0.05% AEP runoff (AEP neutrality).

The 0.05% AEP design event was derived by interpolating in Log-Normal space
the 1% AEP peak flow and PMF (Extreme Event) peak flow at Nowra Bridge. The
shape of the 0.05% AEP inflow hydrograph was derived by scaling the 1% AEP
inflow hydrograph for the Shoalhaven river to match the peak flow of the 0.05%
AEP obtained from the interpolation.
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Table 3: Peak flood depth figures for the existing scenario

Figure No. Title

All 10% AEP peak flood depth — existing scenario
Al2 5% AEP peak flood depth — existing scenario

Al3 2% AEP peak flood depth — existing scenario

Al4 1% AEP peak flood depth — existing scenario

Al5 0.05% AEP peak flood depth — existing scenario
Al.6 Extreme Event peak flood depth — existing scenario

4.2.2 Road flood risk

The model results indicate that the intersection of Princes Highway and Bolong
Road is overtopped when Bomaderry Creek floods in a 5% AEP event, with depths
of flows about 0.35 m at this location (Figure Al.2).

The Princes Highway is seen under minor flooding near Harry Sawkins. During 1%
AEP and more frequent flood events road inundation does not exceed 0.1 m depth.

4.2.3 Property flood risk

In inundation events equal or greater than a 2% AEP event, the Shoalhaven River
breaks its banks and flows into Moorhouse Park and Nowra Aquatic Park, resulting
in a number of properties inundated at these locations. Peak flood depth in this area
is seen up to 2.2 m and 2.8 m for the 2% and 1% AEP events, respectively (refer to
Figure A1.3 and Al1.4).
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5 Design model results

5.1 Flood immunity

Peak flood levels immediately upstream of the proposed bridge for the design
events are presented in Table 4. The peak flood depth figures for the 10%, 5%, 2%,
1%, 0.05% AEP event, and the Extreme Event are shown in Appendix B. The figure
numbers corresponding to these events are summarised in Table 5.

Table 4:Peak flood levels upstream of the proposed bridge

Design event - AEP Peak flood level (MAHD)
10% 5.12

5% 5.66

2% 6.44

1% 6.87

0.05% 9.06

Extreme Event 13.67

Table 5: Peak flood depth figures for the design scenario

Figure No. Title

A2.1 10% AEP peak flood depths — design scenario
A2.2 5% AEP peak flood depths — design scenario

A2.3 2% AEP peak flood depths — design scenario

A2.4 1% AEP peak flood depths — design scenario

A2.5 0.05% AEP peak flood depths — design scenario
A2.6 Extreme event peak flood depths — design scenario

The proposed bridge soffit level is similar to the existing bridge soffit (8 mAHD),
which is well above the peak flood level of the 1% AEP event. This indicates that
the proposed bridge is flood immune in a 1% AEP event.

The proposed road upgrades at Illaroo Road and Bridge Road are flood immune for
all flood events up to and including the 1% AEP. The western end of Scenic Drive
located at Moorhouse Park is flood immune for flood events up to and including
the 5% AEP.

5.2 Peak flood level impact

Figures showing peak flood level impact for the 10%, 5%, 2%, 1%, 0.05% AEP
event and the Extreme Event are presented in Appendix C. The figure numbers
corresponding to these events are summarised in Table 6.
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Table 6: Peak flood level impact figures

Figure No. Title

A3.1 Peak flood level impact — 10% AEP
A3.2 Peak flood level impact — 5% AEP

A3.3 Peak flood level impact — 2% AEP

A3.4 Peak flood level impact — 1% AEP

A3.5 Peak flood level impact — 0.05% AEP
A3.6 Peak flood level impact — Extreme event

The proposed bridge increases upstream peak flood levels between 0.05 m and
0.15 m in flood events ranging from 10% AEP to 1% AEP events.

The proposed bridge design results in increases in peak flood levels for a limited
number of properties at Moorhouse Park by about 0.2 min a 2% and 1% AEP. This
flood impact is considered relatively minor since the peak flood depth at these
properties is in already excess of 2.0 m in the 2% AEP under existing conditions.
Therefore, this adverse flood impact is negligible for all flood events up to and
including the 1% AEP.

The flood levels of Shoalhaven River upstream of the proposed bridge increase by
about 1 m in the Extreme Event.

Currently, no flood mitigation options have been considered as the increase in peak
flood level at this location is unlikely to exacerbate existing flood risk to property
and will not result in significant additional damage costs. It is noted that these
properties are located at a sag.

5.3 Peak flood velocity impact

Figures showing the peak flood velocity impact for all the design events are presented in
Appendix D. The figure numbers corresponding to these events are summarised in Table
7.

Table 7: Peak flood velocity impact figures

Figure No. | Title

A4l Peak flood velocity impact — 10% AEP
A4.2 Peak flood velocity impact — 5% AEP

A4.3 Peak flood velocity impact — 2% AEP

Ad.4 Peak flood velocity impact — 1% AEP

A4.5 Peak flood velocity impact — 0.05% AEP
A4.6 Peak flood velocity impact — Extreme event

The model results indicate minimal peak flood velocity impact for the flood events
up to and including 1% AEP along the Shoalhaven River. Such increases are not
likely to increase scour potential along the river. As such, the proposed design does
not result in an adverse impact on the stability of the river embankment and bridge
structures.
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6 Climate change

Changes to future climate conditions are predicted to impact on sea levels and
rainfall intensities. Climate change guidelines have been issued by the NSW
Government (Reference 1 & 2). A review of these guidelines is documented in
Section 1.2.2.

An assessment of the potential flood impact due to changes in future climate
conditions has been carried out for this study by considering the following climate
change scenarios:

e Scenario 1 — 10% increase in rainfall intensity of 1% AEP event, coupled with
0.4 m sea level rise

e Scenario 2 - 30% increase in rainfall intensity of 1% AEP event , coupled with
0.9 m sea level rise

The flood impact of the climate change scenarios is shown in Appendix E
(Figure A5.1 and A5.2).

Overall, peak flood levels in the Shoalhaven River floodplain increases up to 0.4 m
and 1.1 m for the climate change scenario 1 and scenario 2, respectively.

The flood levels of Shoalhaven River immediately upstream of the proposed bridge
increase between 0.4 m and 1.3 m due to climate change. As a result, the flood
levels at properties in Moorhouse Park increased to the same degree as the flood
levels of Shoalhaven River. It is noted that future climate change does not impact
on the flood immunity of the proposed bridge.
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7 Key findings

The key findings of this flood and hydrology assessment study are:

e The proposed bridge and the intersection upgrade locations at Bridge Road and
Illaroo Road are flood immune for flood events up to and including the 1% AEP
event. The west end of Scenic Drive located in Moorhouse Park has flood
immunity for all the flood events up to and including 5% AEP.

e The flood levels of Shoalhaven River upstream of the proposed bridge increase
between 0.05 m and 0.15 m for the 10% AEP to the 1% AEP. It is noted that this
increase is seen to extend up to the model’s upstream boundary, which is located
2.4 km upstream of the proposed bridge. Due to limitations with the current flood
model and data it was not possible to extend the flood model further upstream to
determine the entire extent of impact. During the detailed design phase, it is
recommended to extend the flood model further upstream to investigate the
extent of this impact, however, it is noted that a limited number of properties
exist upstream of the current boundary and are probably located outside the main
floodplain area.

e There is no adverse flood impact on properties for flood events up to and
including the 5% AEP.

e The proposed design results in increases in peak flood levels for a number of
properties at Moorhouse Park, that are currently flooded above floor level in
excess of 2 m in a 2% and 1% AEP event. The predicted increase in peak flood
depth is about 0.2 m. No flood mitigation option has been considered as the land
where they are located is likely to be unsafe for people and vehicles during large
flood events and the increase in flood level has no impact on the hazard of the
land.

e There is no adverse peak flood velocity impact for the flood events up to and
including the 1% AEP along the Shoalhaven River.
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Appendix A

Peak Flood Depth Figures
- EXxisting Scenario
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Appendix B

Peak Flood Depth Figures
- Design Scenario
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Appendix C

Peak Flood Level Impact
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Peak Flood Velocity Impact
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Flood loss coefficien calculation - proposed Nowra Bridge

Pilecap height Pilecap width Colume Colume Ground level
Pier locatoin Span (m) Length (m) Pile area (m?) Pilecap area (m?) | Column area (m?) Pile height (m) Pipe width (m) (m) (m) height (m) | width (m) (m AHD)
1 34.920 34.920 22.729 16.2 6.92 7.576 3x1m 9 1.8 6.92 1 -8.276
2 38.500 73.420 14.054 16.2 6.92 4.685 3x1m 9 1.8 6.92 1 -5.385
3 38.500 111.920 10.220 16.2 6.92 3.407 3x1m 9 1.8 6.92 1 -4.107
4 38.500 150.420 9.354 16.2 6.92 3.118 3x1m 9 1.8 6.92 1 -3.818
5 38.500 188.920 8.501 16.2 6.92 2.834 3x1m 9 1.8 6.92 1 -3.534
6 38.500 227.420 6.477 16.2 6.92 2.159 3x1m 9 1.8 6.92 1 -2.859
7 38.500 265.920 4,725 16.2 6.92 1.575 3x1m 9 1.8 6.92 1 -2.275
8 38.500 304.420 4.004 16.2 6.92 1.335 3x1m 9 1.8 6.92 1 -2.035
9 31.540 335.960 - 16.2 6.92 - 3x1m 9 1.8 6.92 1 0.606
Abutment B 26.760 362.720
Total area of obstruction (mz) 288
Total waterway area (mz) 4088
J 0.070
FLC 0.13
Lig/ | g/ 4 -
0.5 A e g
. L
B w2
] §
— g 9 Extrapalation line
= =
— S
=
AKp / ] 3 &
0.3 5 & [
c O
L _]
& Lo
/ | =
0.2 O
(&
i/ 3
/f
1

/
Vg

002 0.04 006

MOTE:

J

1. Recommended range derived from TUFLOW Forum post by Bill Syme.
2 Extrapolated values are approximate only.
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