Review of Environmental Impact Statement – Warragamba Dam Raising
1. Purpose
The Water NSW, the owner and operator of Warragamba Dam, prepared an Environmental
Impact Statement (EIS) for the proposed Warragamba Dam Raising for flood mitigation
purposes and submitted a State Significant Infrastructure (SSI 8441) application to the
Department of Planning, Industry and Environment (DPIE) to seek planning approval. The
SSI, EIS and accompanying documents are currently on public exhibition. Council Floodplain
and Drainage Engineering team has undertaken a review of the EIS and accompanying
documents, particularly reference to the following chapters and appendices of the EIS that are
related to flood modelling, flooding and associated results:
•
•
•
•
•

Environmental Impact Statement – Executive Summary Report.
Environmental Impact Statement – Chapter 15: Flooding and Hydrology.
Environmental Impact Statement – Chapter 21: Socio-Economic, land use and
property.
Environmental Impact Statement – Appendix H1: Flooding and Hydrology Assessment
Report.
Environmental Impact Statement – Appendix H2: Flood Risk Analysis.

This report summarises the review outcomes and outlines the implication to Penrith LGA as
the results of Warragamba Dam Wall Raising from flooding perspective. The review has been
divided into three major sections:
1. Review of the flood models and flood modelling techniques undertaken to support the
EIS.
2. Impacts of the proposed Raising Warragamba Dam Wall on areas of Penrith LGA.
3. Planning implications as a result of dam wall raising to Penrith City Council.
2. Background to EIS and Raising Warragamba Dam Wall
This section provides a brief description on the flood models and flood modelling techniques
undertaken to support the EIS. The review comments and concerns raised are listed at the
end of this section.
The Hawkesbury-Nepean Flood Risk Management Strategy 2016-2036 comprises a mix of
infrastructure, non-infrastructure and policy measures that aim to preventing or mitigating
floods, more coordinated and strategic planning in preparing for floods, including increasing
ability to evacuate, and responding to and recovering from floods in the Hawkesbury-Nepean
Valley. The preferred infrastructure option from the Hawkesbury-Nepean Flood Risk
Management Strategy involves (INSW, 2016): “introducing a flood mitigation function at
Warragamba Dam by raising the dam wall by around 14 metres to reduce average annual
flood damages to assets and social amenity and the risk to life”.
The Taskforce found that the most effective and efficient infrastructure option to reduce the
significant risks to people’s lives and property from regional flooding is to raise Warragamba
Dam for flood mitigation.
Chapter 15: Flooding and Hydrology, Appendix H1: Flood and Hydrology Assessment Report
and Appendix H2: Flood Risk Analysis have been prepared to provide technical guidance and
inform the EIS.
The proposal to raise Warragamba dam wall by 14m is to create an airspace for temporary
storage and controlled release of floodwaters to mitigate downstream flooding. The airspace
called Flood Mitigation Zone will sit on top of the existing full water supply level. This flood
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mitigation zone aims to hold the water from upstream catchment and then control releasing
after the downstream peak flood is passed. It is estimated that this additional storage of water
will be equivalent to 5% to 2.5%AEP storm event. The releasing operation of this additional
storage water is very critical for downstream catchments.
Hydrological Modelling
The software product RORB has been used for the hydrological modelling. A special subroutine, DAMROU, was added to the RORB program to model flow through the Lake
Burragorang Reservoir taking account of the gate operations at the dam. The subroutine was
modified as part of the Regional Flood Study to include simulation of the fuse plug operation
on the auxiliary spillway (WMAWater, 2019).
As required by SEAR #8(3a), the following flooding events were assessed with and without
dam raising:
o 20% AEP (approx. 1 in 5 chance in a year)
o 10% AEP (1 in 10 chance in a year)
o 5% AEP (1 in 20 chance in a year)
o 1% AEP (1 in 100 chance in a year)
o PMF (probable maximum flood).
The specific flood events used in the EIS assessment have been selected from the range of
Monte Carlo flood events, as representative events for each of the AEPs specified in the
SEARs. In addition, this assessment also examined the 0.5% AEP (1 in 200) and 0.2% AEP
(1 in 500) events as required by the SEAR #8(3b) to assess potential climate change impacts.
Hydraulic Modelling
The hydraulic modelling of the flood flows undertaken as part of the EIS is based on the
following flood models:
•

Upstream: An existing MIKE 11 one-dimensional hydraulic model, which was originally
developed in the 1990s to assess flow behaviour prior to the dam construction. The
MIKE 11 model is used to assist in the calibration of the RORB model between the
dam and the inflow gauges.

•

Downstream: A quasi two-dimensional RUBICON model (hydrodynamic model
software used to quantify the hydraulic aspects of flood behaviour) is used, which
covered a river length of 360 kilometres and calibrated and verified against ten
historical flood events. A quasi calibration was also undertaken using the TUFLOW
model. Modelling has been extensively reviewed and endorsed by numerous
Australian and international experts (WMAwater 2019). It should be noted that this
RUBICON flood model has been developed as part of the “Hawkesbury-Nepean Valley
Regional Flood Study, wmaWATER 2019”.

•

The TUFLOW model was used to calibrate 10 historical events including a range of
representative events. The historical events were November 1961, June 1964, June
1975, March 1978, August 1986, October 1987, April/May 1988, July 1988, April 1989
and August 1990. The model was considered suitable to give a general indication of
the velocity distribution for the 1 in 100 AEP for the purposes of determining flood
hazard and hydraulic categories. Further refinement and detailed bathymetry are
required before this model is suitable for detailed modelling.

•

The variables from the Monte Carlo analysis were fed to the RORB hydrological model,
and the resultant flows, together with the other variables including relative timings of
tributary inflows, tides and other variables, were fed into the hydraulic model.
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•

The MIKE11 and RUBICON models are a 1-dimensional (1-D) hydraulic model, which
is based on a series of discrete cross sections that assumes a uniform water level
across the section perpendicular to the direction of flow. The model outputs include a
water level, flow rate and cross-section average flow velocity for each cross section for
each model timestep. From these outputs, timeseries of water levels, flow rates and
flow velocities can be generated for each event, and peak values for each parameter
identified, for each event simulated.

•

A slightly different analysis approach was adopted for the upstream area. The MIKE11
model was not used to discretely simulate each of the Monte Carlo design flood
scenarios. Rather, the MIKE11 model was used to extract rating curves (flow-height
relationships) under different dam raising scenarios. These rating curves were used to
calculate level hydrographs from flow inputs (from the RORB model) at all crosssections for the 20,000 Monte Carlo runs of the existing dam and the raised dam
option. These level hydrographs were used to obtain estimates of inundation times
upstream of the dam and to give an indication of the change in inundation time between
the existing dam and the 14m raised dam option.

Flood Mitigation Zone (FMZ) Operation and Discharge
According to Section 4.2.4 of Appendix H1, operation of the FMZ would occur during
significant rainfall events and when the water level in the dam is above the full supply level.
For most rainfall events the dam would capture all flood inflows until uncontrolled spilling
occurs. The timing and rate of discharge from the FMZ would be determined on a case-bycase basis. This statement will lead to question the discharging protocol used in this EIS to
determine the flood impact on the projected dam wall raising on downstream floodplains.
The EIS claims that the most effective way of discharging the FMZ in a manner that restores
the availability of the FMZ as soon as practical while minimising additional flooding impacts is
to “piggyback” discharges after the peak flood level has been reached. Local catchment
flooding causes the river to rise, in addition to any overflows from the dam. The FMZ holds
upstream floodwaters behind the dam wall, thus reducing the downstream peak flood levels.
FMZ releases are made after the flood at the downstream location has peaked; with a slight
delay and a temporary fall in river levels whilst downstream peak is confirmed. The FMZ is
then discharged at a rate that does not cause the river to exceed the previous flood level peak
and is gradually reduced in stages. Therefore, the FMZ releases would not impact anywhere
that had not already been affected by the preceding flood.
The maximum discharge rate through the new outlet conduits would be 230 gigalitres per day.
This is equivalent to a 1 in 5 chance in a year flood event on the Richmond-Windsor
floodplain, and consequently piggybacking at this rate would be suitable for any downstream
flood greater that a 1 in 5 chance in a year flood event. For smaller floods events, the discharge
rate would need to be reduced to reflect peak flood levels.
Piggybacking of discharges would generally occur for only two to three days after the peak of
a flood event, after which a constant discharge rate of about 100 gigalitres per day would be
implemented. For smaller flood events (1 in 20 chance in a year and lower), piggybacking
would not be possible, and a constant discharge would need to be adopted.
The potential impacts of the constant discharge rate of 100 gigalitres per day is an increase
of 2.5m above the normal Nepean River level at Penrith. There will be limited access for road
users from extended closure of low-lying bridges e.g. Yarramundi Bridge that could remain
closed for up to 10 days longer with controlled releases from the dam.
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3. Flood impact analysis undertaken for the EIS
Background:
The EIS provides a detailed flood impact assessment of the Warragamba Dam Wall Raising
project (The Project). The assessment is primarily based on the flood models developed in
1996 as part of the Warragamba Dam Auxiliary Spillway Environmental Impact Study by
WMAWater. These flood models were updated with minor details in a recently concluded
Hawkesbury Nepean Regional Flood Study (2019) undertaken by WMAWater for
Infrastructure NSW (INSW). Essentially the models from the 1996 study were adopted without
major changes such as recalibration. However, a new methodology to define the design flood
behaviour (1% AEP flood etc.) was used in this study and the existing flood behaviour as
defined in the 1996 study was updated. The 2019 study did not assess the impact of the
Project.
Currently, INSW is in the process of completing a detailed flood study for the Hawkesbury
Nepean valley based on the latest flood modelling practices. This flood study would
supersede the outcomes presented in the 2019 study.
Flood Modelling in EIS:
•

The EIS primarily relies on the flood models developed for the 2019 study for the
assessment of the Project. However, it appears that significant additional modelling was
carried out for EIS to assess the impact of the Project. The information about this
additional modelling is not properly presented in the EIS and how various outcomes have
been achieved is not clear. This is discussed below using quotes from the EIS document
related to flood modelling and followed by observations and comments.
Executive Summary, Page 19 (referring to the recent March 2021 flood)
“This modelling by NSW Government post flood event has shown…..”
Executive Summary, Page 19 (note below Figure 18)
Note: Maps are based on modelling of March 2021 and February 2020 floods by
Rhelm/Catchment Simulation Solutions for INSW; modelling of reduction in March 2021
peak flood level by WMAwater for INSW Source: INSW (2021)
Observation: It appears that the modelling work for EIS was being undertaken up until
after the March 2021 floods. It is understood that this modelling work is being undertaken
as per the recommendation of the 2019 study, where a detailed 2D modelling of the areas
downstream of the dam was specified, to update the design flood behaviour as presented
in the 2019 study. The reference for the “Source: INSW (2021)” is not provided in the EIS.
Comment: Given that a more detailed model for the areas downstream of the dam is
available, the impact of the Project should have been assessed using this detailed model.
The 2D (TUFLOW) model used in the EIS is quasi-calibrated and can potentially present
an incorrect assessment of Project’s impact.

•

Appendix H1, Page 12, “The flood data presented in this report has been provided by
WMAWater for INSW from studies undertaken as part of the ongoing floodplain risk
management in the Hawkesbury-Nepean. No additional modelling has been undertaken
by BMT or SMEC in preparation of this report, with existing modelling results provided by
WMAWater considered fit for purpose.”
Observation: The entire suite of modelling undertaken for the Project does not appear to
have been peer reviewed, although part of the modelling, which was adopted from the
previous studies has been peer reviewed.
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Comment: Peer review should be undertaken for the complete set of modelling
undertaken for the EIS to improve confidence in the outcomes of the EIS.
•

Appendix H1, Page 13, “As part of the Warragamba Dam raising Project, WMAwater was
engaged by WaterNSW to undertake modelling of the increase in duration of temporary
inundation during large inflow events upstream.”
Appendix H1, Page 15, “As part of the Warragamba Dam Raising Project, WMAWater has
utilised an existing MIKE11 one-dimensional hydraulic model obtained from WaterNSW.
The MIKE11 model was used to assist in the calibration of the RORB model between the
dam and the inflow gauges.”
Observation: An additional model (Mike 11) to the 2019 study has been used in the
preparation of EIS. As stated, the Mike11 model was used to calibrate the RORB model,
which can potentially modify the RORB model significantly and output from the newly
calibrated RORB model can be significantly different from the outputs obtained in the 2019
study. This implies that the 2019 results presented in the EIS may potentially be incorrect.
Comment: Details of further calibration of the RORB model for EIS should be
documented. Any differences with the 2019 study should be highlighted.

•

Appendix H1, Page 16 (as part of discussion of downstream RUBICON hydraulic model)
Model calibration included:
•
•
•

increasing the number of model sub-areas
calibrating the model at additional locations within the catchment
inclusion of baseflows

Observation: It appears that the RUBICON model has been further calibrated for the EIS.
It has similar implications to the calibration of the RORB model as discussed above.
Comment: Details of further calibration of RUBICON model should be included in the EIS.
Differences with the 2019 study should be highlighted.
•

Appendix H1, Page 16, A quasi calibration was also undertaken using the TUFLOW
model, which was run for 10 historical events including a range of representative events.
Appendix H1, Page 16, The TUFLOW model was used to calibrate 10 historical events
including a range of representative events. The historical events were November 1961,
June 1964, June 1975, March 1978, August 1986, October 1987, April/May 1988, July
1988, April 1989 and August 1990.
Appendix H2, Page 4, WMAwater has independently developed a TUFLOW model of the
Hawkesbury-Nepean floodplain as part of a separate research project. This model has
been adopted for the assessment of downstream impacts of a raised dam.
Appendix H2, Page 4, The TUFLOW model is quasi-calibrated to historic events and
representative design events from the Hawkesbury Nepean Regional flood study (2019).
Observation: It appears that a new TUFLOW (“research”) model was developed for EIS
and “quasi-calibrated” to historic events and representative design events from the 2019
study. No details about the “research” model and the “quasi-calibration” have been
provided. It is also not clear if the new model was calibrated to the representative design
events from the RUBICON model or the “poorly calibrated” TUFLOW model in the 2019
study (Appendix D, page D-3 of the 2019 study)

Page 5 of 36

Comment: Details of the calibration of the new TUFLOW model should be provided in the
EIS. Since the model is quasi-calibrated, sensitivity analysis should be undertaken to
demonstrate that the model is fit for purpose.
Observation: Flood modelling results have been presented as maps for the existing
conditions and those under the Project. It is difficult to visually compare the flood
behaviour for the two conditions to assess impact.
Comment: Difference maps should be developed and included in the EIS to clearly
highlight the impact of the Project.
Appendix H2, Page 6
In order to model a sustained release from Warragamba Dam during the drawdown phase
a constant 100 GL/D flow on the Hawkesbury Nepean River was modelled. Minor inflows
for the other tributaries were assumed.
•

Appendix H1, Page 153
The timing and rate of discharge during inflow events would be determined on a case-bycase basis. Generally, the discharge of water from the FMZ during an inflow event would
only occur
when there was a reliable prediction of significant future rainfall
when the discharge would not cause unacceptable downstream flooding impacts.
Observation: In Appendix H1, general principle for discharge of floodwaters form the dam
has been specified. However, Appendix H2 provides details of the modelling undertaken
for a specific discharge (100GL/day). The EIS does not provide a clear description of the
protocol for discharge of floodwaters. The modelling appears to have been undertaken
for a preliminary protocol developed by WaterNSW in 2017.
Comment: A detailed dam operation protocol should be developed for the dam operation
and included in the EIS. This is discussed further in a following comment.
Observation: Flood modelling is critical to the assessment of the Project and provides the
basis of support for the Project. Several models have been used for which details have
not been provided. The description of the models presented is insufficient
Comment: The EIS should include a separate Appendix with details of the models used,
the recalibration of models and how the calibrated models are deemed to be fit for purpose.
The description of the models should be improved in the main document of EIS. As an
example, in 8 above, it appears that the TUFLOW model was used to calibrate the
RUBICON model. This is highly unlikely, however, if this process has been undertaken, it
should be detailed in the EIS.
If text is copied from earlier studies, it should be highlighted in the EIS (italics etc.) for
clarity.
Consideration should be given to have the entire EIS peer reviewed for such a significant
project. EIS is the stage of the project where major changes in the concept design can be
made, if identified by the peer review. An EIS that has been peer reviewed would also
have a better chance of being supported by the stakeholders.
Dam Operation Protocol

•

It appears that WaterNSW has developed a preliminary operation protocol for the dam
operation during flooding in 2017 (Appendix H1, page 152). This operating protocol was
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used to assess the impact of the Project. The operating protocol is based on achieving
several objectives as presented on page 8 of Appendix H1.
• ensuring the FMZ is emptied in sufficient time to capture a subsequent flood event
• minimising the duration of upstream catchment inundation
• not causing any increase in the extent of flooding downstream of the dam
• the need to keep downstream bridge river crossings open.
On page 152 of Appendix H1, the EIS states, “Raising the dam wall and creation of the
FMZ would require modification of the operational rules of dam releases. An initial
assessment and development of preliminary operating protocols was completed by
WaterNSW (2017). These are shown on Figure 4-45 and summarised below. Final
operational protocols will be further developed in conjunction with detailed design of the
dam and in consultation with stakeholders responsible for flood management and
emergency response in the downstream floodplain.”
Table1 presented in the Summary of the Appendix H1, provide recommendations for
management of the flood risk impact from the Project. The table is copied below.
Table 1 Safeguards and management measures
Impact
Environmental management measure
Impacts during A Construction Flood Management Plan
construction
will be developed to minimise any
changes in hydrology up and downstream
of the dam and minimise risks to the
construction site.
A Dam Safety Emergency Plan will also
be prepared in accordance with the
requirements of Dams Safety NSW.
Impacts
from A detailed operational protocol for the
operation
of operation of the FMZ will be developed in
FMZ
consultation with relevant downstream
and upstream stakeholders.
Monitoring
Investigate water monitoring systems to
reflect Project changes in operational
protocols.
Investigate additional monitoring station
downstream of the Kedumba River.

Responsibility
WaterNSW
Construction
Contractor

Timing
Preconstructi
on

WaterNSW

Operation

WaterNSW

Preoperation

Observation: The operation of the dam has been modelled based on a preliminary flood
release protocol. It is not clear whether the operating protocol that has been modelled is
optimum in achieving the objectives specified in the EIS. In addition, the current protocol
has adverse impact downstream where several bridges would be inundated for a much
longer duration for the modelled protocol. It is very surprising to note that a detailed
assessment for the operation of the dam has not been undertaken as part of the EIS and
has been postponed till the operation of the dam i.e. after the dam has been constructed.
Preparation of operating protocol is also one of the SEARs (No. 6) as presented on Page
15-4 of Chapter 15.
6. The Proponent must detail a framework for managing water releases from the dam that
are capable of meeting the objectives of the Project (in terms of flood mitigation), ensures
impacts to upstream and downstream areas and ecosystems are minimised. The
framework shall include consideration of the potential rates of rise and fall in the river,
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timing of water releases. These shall include consideration of antecedent, conditions
within the river, flooding impacts, and transparent and translucent flows.
Comment: A detailed analysis of the dam operations should be undertaken, and an
optimal dam operation protocol should be developed. By fixing the dam raising height to
14 m, an important variable in achieving an optimal solution for managing the flood impact
of the Project has been constrained. Ideally, the operating protocol should have been
investigated at the same time when the height for the raising of the dam was being
investigated.
The operation protocol would also involve integration with a robust flood forecasting
system specifically developed for the Project.
The flood evacuation strategy is also affected by the dam operations during floods. A
detailed evacuation modelling should also be undertaken while developing the dam
operating protocol.
Dam Failure Analysis
•

Dam failure analysis is required for emergency planning for areas downstream of the dam.
It appears that this has not been undertaken for the EIS. A dam break assessment for the
existing conditions was undertaken in the 1996 study and reported in the 2019 study. The
assessment identified an increase of approximately 4m in the PMF levels. With the raised
dam wall, the increase in the PMF flood levels in the valley is likely to be much higher.
Observation: One of the Desired Performance Outcomes presented in the EIS on page
15-1 of Chapter 15 requires dam failure assessment. The requirement is copied below.
8. Flooding
The Project minimises adverse impacts on existing flooding characteristics. Construction
and operation of the Project avoids or minimises the risk of, and adverse impacts from,
infrastructure flooding, flooding hazards, or dam failure.
Although the dam failure assessment has not been reported, the Appendix H2 on page 4
states the following
“For this dam breach assessment, TUFLOW HPC has been adopted. TUFLOW HPC is a
finite
volume model, which makes it very suitable for dam breach assessments. This is because
it can handle steep waves and high velocities, and generally with good volume
conservation.”
From above, it appears that a dam failure analysis has been carried out but has not been
reported.
Comment: The SEARs require dam failure assessment, which hasn’t been undertaken as
part of the EIS. This assessment is required to prepare emergency management and
recovery plan.
In the event of the dam failure, the raised dam wall is likely to have adverse impact
compared to the existing conditions. This impact needs to be assessed and shared with
the Council, if this cannot be included
Water NSW should also provide details how the dam safety is being ensured under the
Project.
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Preservation of Flood Storage
•

The Project would create additional storage in the dam for flood mitigation purposes. The
Executive Summary of EIS states “The Project does not change the permanent full water
supply level of the dam and is solely to provide flood mitigation for downstream
communities through the creation of a dedicated air space.”
Comment: How would Water NSW ensure that the dedicated airspace for flood mitigation
is not utilised by future requirements to store additional water for water supply purposes
i.e. the supply level of the dam is not raised. Would this be legislated?
Modelling Review Comments
•

The flooding results presented in Chapter 15: Flooding and Hydrology and in Appendix
H1 for existing catchment conditions are based on the “Hawkesbury-Nepean Valley
Regional Flood Study, wmaWATER 2019” prepared by INSW. This flood study
assessed the flooding behaviour in the valley using the hydrological RORB model
coupled with Monte Carlo modelling approach and 1D RUBICON hydraulic model that
was developed as part of the Warragamba Dam EIS 1996. The Regional Flood Study
2019 did not assess the flood impact from the projected Warragamba Dam Wall raising
scenario in the valley.

•

Chapter 15 and Appendix H1 refer to the Regional Flood Study 2019 when discussing
about the assessment of the projected dam wall raising scenario. The details flood
impact assessment of the projected dam wall raising including flood modelling on the
valley is not clearly documented in this EIS.

•

The flooding hazard results presented in Appendix H2: Flood Risk Analysis are based
on the TUFLOW HPC model prepared by wmaWATER for research purpose. Appendix
H2 reported that the model was considered suitable to give a general indication of the
velocity distribution for the 1 in 100 AEP for the purposes of determining flood hazard
and hydraulic categories. Further refinement and detailed bathymetry are required
before this model is suitable for detailed modelling. If the model still requires further
refinement before it is suitable to define the flood behaviour, why it has been used in
this EIS and what are the implications from its results on decision making – does it fit
the purpose for such major project.

•

The “Hawkesbury-Nepean Valley Regional Flood Study, wmaWATER 2019” and
associated 1 D RUBICON model has listed a series of limitations and
recommendations that have not been considered in this EIS. Examples of limitations
include the usage of the 1D RUBICON hydraulic model that doesn’t account for the
storages in the floodplains, the discrete location and distance between the crosssections, absence of proper modelling of breakouts at Emu Plains and Boundary
Creek. Example of recommendations include to undertake a detailed joint probability
assessment to define the flooding behaviour for Wallacia area and the need for a
detailed more contemporary 2D TUFLOW model to assess the flood behaviour in the
Valley.

•

Based on the recommendation from the “Hawkesbury-Nepean Valley Regional Flood
Study, wmaWATER 2019” INSW is currently in the process of finalising the
assessment of flood behaviour in the valley using an updated and more contemporary
TUFLOW HPC flood model with the sub-grid resampling approach. How the flood
results presented in this EIS compared to the results generated from this updated
TUFLOW model for existing condition and for the projected Dam Wall Raising
scenario. It should be noted that Figure 18 in EIS Executive Summary EIS refers to the
modelling undertaken by INSW to model the March 2021 with the raised dam wall
scenario. However, there is no further discussions or details on the modelling for this
event in Chapter 15 and Appendices H1 and H2.
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•

It is very critical for Council to understand the flood modelling and associate results for
the existing catchment conditions before moving to the assessment of the projected
Dam Wall Raising scenario. The results listed in Chapter 15 and Appendix H1 for
existing conditions are still subject to further review and discussions. For instance, the
2019 Regional Flood Study recommended that more detailed investigation of the
interaction of these Warragamba and Nepean Rivers is required ahead of any decision
to amend existing flood plans or policies for Wallacia Village. This has not been
addressed or discussed in this EIS. Therefore, the comparisons of the results between
the existing and the projected dam wall raising scenario are subjective as the existing
results still subject to change. In other word, the benefit from the dam wall raising will
not be fully appreciated.

•

It would be more practical if the flood model assessment and associated results in
Chapter 15 and Appendices H1 and H2 are coming from one source as this will help
in understanding the full benefit of the proposed scenario on the downstream
floodplains.

•

Table 3-13 of “Appendix H1: Flooding and Hydrology Assessment Report” shows that
the velocities within the main river channel for existing conditions are unchangeable
along the river and across the flood events. They are almost in the order of 1m/s. These
results are of concern as other Council flood study results show that the magnitude of
the velocity in the main channel is ranging from 2m/s to 4m/s depending on the location
and the flood event.

•

In Appendix H1, page 20 the EIS discusses the use of Mike 11 model as presented
below
“A slightly different analysis approach was adopted for the upstream area. The MIKE11
model was not used to discretely simulate each of the Monte Carlo design flood
scenarios. Rather, the MIKE11 model was used to extract rating curves (flow-height
relationships) under different dam raising scenarios. These rating curves were used to
calculate level hydrographs from flow inputs (from the RORB model) at all crosssections for the 20,000 Monte Carlo runs of the existing dam and the raised dam
option. These level hydrographs were used to obtain estimates of inundation times
upstream of the dam and to give an indication of the change in inundation time between
the existing dam and the 14m raised dam option”.
Rating curves from a hydraulic model display hysteresis i.e. a looped rather than a
single line relationship. How was the hysteresis affect considered? If an ‘average”
line was drawn through the loop for use in the above analysis, was there any sensitivity
undertaken to assess the impact of this assumption Was any other assumption used
to deal with the hysteresis effect.

•

For the existing condition, there are discrepancies between the results presented in
Chapter 15 and Appendix H1 versus the results presented in Appendix H2. For
example, comparing figure 3-32 of Appendix H1 to figure 43 of Appendix H2. It looks
like the results are coming from two different sources. Refer to the series of figures at
the end of this documents to clarify this point.

•

The hazard results presented in Appendix H2 need a second review as they are not
consistence across the flood events. For instance, in the same area of Emu Plains the
1 in 100yr flood hazard is higher than the 1 in 500yr flood hazard. Refer to the series
of figures at the end of this documents to clarify this point.

•

In Appendix H2, the hazard results presented are also not consistence with the
Hydraulic Categories results for the 1 in 100yr flood event in terms of extent. For
instance, the hazard map doesn’t show backwater via Boundary Creek while the
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hydraulic categories mapping does show backwater. The same comments apply to the
proposed dam wall raising maps.
•

The flood level, flood depth and velocity maps for all design flood events for both
existing and projected dam wall raising scenarios are missing from the flooding
outcomes presented in EIS. Moreover, the inclusion of flood level difference maps for
at least the 1 in 20yr, 1 in 100yr, 1 in 500yr and PMF events would be practical to
visually appreciate the benefit of the projected dam wall raising.

•

The flood modelling results presented in Chapter 15 and Appendices H1 and H2 show
that for the projected dam wall raising scenario the flood levels are dropping
dramatically for all designed flood events across Penrith LGA. Refer to Tables 15-20,
Table 15-21, Table 15-22, and Table 15-23 of Chapter 15. Of interest are the changes
in the 1 in 100yr flood event that show a drop-in flood level of 4.7m at M4 Motorway
Bridge and 4.2m at Victoria Bridge. These outcomes need to be cautiously interpreted
as the issues of the existing condition results are still under discussions and
determination.

4. Impacts of EIS and Raising Warragamba Dam Wall on Penrith LGA
The review below provides details of the review results for four critical areas within Penrith
LGA which are:
•
•
•
•
4.1

Wallacia Village – Warragamba-Nepean River Backwater;
Nepean River and its floodplain from Glenbrook confluence to Yarramundi Bridge;
Rickabys Creek Catchment – Hawkesbury-Nepean Backwater; and
South Creek Lower Reach – Hawkesbury-Nepean Backwater.
Area 1 – Wallacia Village

The flood levels difference between the existing condition and the proposed Warragamba Dam
Wall raising scenario are presented in Table 4-1. The results are extracted from Table 15-22
of Chapter 15: Flooding and Hydrology at BLAXCROSS (Nepean River at Blaxland Crossing
Bridge). Table 3-1 shows that the flood levels are dropping with the projected dam wall raise
scenario for all design flood events. The benefit for flooding in Wallacia would occur when the
release rate from Warragamba Dam for the projected dam wall raising scenario is lower than
the existing situation. This would allow more water from the upstream Nepean River catchment
to flow downstream rather than backing up and flooding Wallacia. This effect is most notable
for floods greater than a 1 in 100yr flood event. This is clearly shown in Table 4-1 where the
flood levels difference is prominent for rare storm events i.e., 1 in 100yr up to PMF. For
instance, the flood level is predicted to reduce by 2.6m for 1 in 100yr and by 2.8m for PMF.
However, the flood levels difference for more frequent event e.g., 1 in 5yr and 1 in 10yr flood
event is almost negligible. The flood levels are estimated to reduce by 0.2m for 1 in 5yr and
by 0.1m for 1 in 10yr.
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Table 4-1: Change in flood levels at Wallacia (Nepean River – Blaxland Crossing Bridge) due
to Warragamba Dam Wall Raising Scenario and Council adopted flood levels.
BLAXCROSS (Nepean River – Blaxland Crossing Bridge)
Flood Event (1 in X chance in a year)
5
10
20
100
200
Existing Conditions (m AHD)
35.1
37.2 39.4 44.6 46.5
With Project (Dam Wall Raised and
100 GL/day discharge) (m AHD)
34.9
37.1 38.9
42
43.3
Change in flood levels (m)
-0.2
-0.1
-0.5 -2.6
-3.2
Council Adopted Flood Study
Upper Nepean River FS (LMCE
1995)
(m AHD)
N/A
N/A
42.8 45.8
N/A
Change in flood levels (m)
N/A
N/A
-3.9 -3.8
N/A

500
48.9

PMF
66.3

45.5
-3.4

63.5
-2.8

N/A
N/A

56.9
+6.6

The water level timeseries at BLAXCROSS (Nepean River at Blaxland Crossing Bridge) for
existing and projected dam wall raising scenarios are presented in Figure 4-1. The model
results show whilst the peak flood levels are reduced for rare flood events the shapes of the
hydrographs have not changed dramatically at Wallacia Village. This means that the time
allowed for evacuation between the two scenarios has not been enhanced. This is particularly
true for the more frequent storm events up to 1 in 20yr flood event. Conversely, the peak flood
levels for rare flood events are predicted to go down bringing the number of inundated
properties also down. This means less people need to be evacuated during the projected dam
wall raising scenario. In the PMF event there is not much difference, existing scenario remain
unchanged even with the projected dam wall raising scenario.
Table 4-1 also shows the flood levels currently adopted by Council based on 1995 Upper
Nepean River Flood Study. We compared the 1 in 100yr and the PMF flood levels of the
projected dam wall raising scenario with the flood levels of 1995 Upper Nepean River Flood
Study. For the 1 in 100yr event the 1995 Upper Nepean River Flood Study has a level of 45.9m
AHD whilst the the projected dam wall raising scenario has a level of 42.0m AHD which is
3.9m lower than the levels predicted under the 1995 Upper Nepean River Flood Study. For
PMF flood event the 1995 Upper Nepean River Flood Study has a level of 56.9m AHD whilst
the projected dam wall raising scenario predicts a level of 63.5m AHD which is 6.6 meters
higher. This means that even under the the projected dam wall raising scenario Wallacia area
would be completely inundated during the PMF event.
It is clear from Chapter 15 and Appendices H1 and H2 that the flood modelling results for
existing scenario are based on the “Hawkesbury-Nepean Valley Regional Flood Study,
wmaWATER 2019” prepared for INSW. This study has recommended that further
investigation of joint probability of Warragamba Dam and Nepean Rivers is needed to
determine the flooding behaviour at Wallacia. There is no evidence in the EIS shows how this
recommendation has been addressed. Hence, the comparison of the flood results between
the existing and projected dam wall raising scenario is debatable as further analysis is required
to define existing flood behaviour for Wallacia.
The benefit of the projected Dam Wall Raising scenario on Wallacia Village is prominent when
floods reach or exceed the 1 in 100yer flood event. The flood levels for those rare events are
predicted to be lower than current Council adopted flood levels. These outcomes are to be
cautiously interpreted as the joint probability analysis has not been undertaken or simply not
documented in this EIS. The benefit is very minimal in PMF event as Wallacia will be fully
inundated even under the projected dam wall raising scenario.
The Wallacia area is situated in a critical location that could be flooded by the Nepean River
flooding as well as from backwater flooding from Warragamba River (Dam overflow). There is
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a necessity for further joint probability analysis to be undertaken for the existing and projected
dam wall raising scenario to properly define the flooding behavior for Wallacia area. This
exercise is currently considered by INSW as part of the update to the Hawkesbury-Nepean
River Regional Flood Study. Therefore, without the joint probability analysis results of the
interactions between the Warragamba and Nepean Rivers it is impractical to assess the
benefits for Wallacia.
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Figure 4-1: Water Level Timeseries at BLAXCROSS (Nepean River at Blaxland Crossing Bridge) (Source Table 15-21 of Chapter 15)
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4.2
Area 2 – Nepean River and its floodplain between Glenbrook Confluence and
Yarramundi Bridge
Review of the Chapter 15 and Appendices H1 and H2 of the EIS reveals that the flood levels
from the projected dam wall raising scenario are dramatically lower than the flood levels for
existing condition for all design flood events. The flood levels difference between the existing
condition and the proposed Warragamba dam wall raising scenario are presented in Table 42. The results are extracted from Table 15-20 of Chapter 15: Flooding and Hydrology and
Table 3-1 of Appendix H1 for the relevant cross-sections. As shown in Table 3-2, with the
projected dam wall raising scenario the flood levels for 1 in 100yr for are reduced by 4.7m at
M4 Motorway Bridge, by 4.1m at Victoria Bridge and by 4.3m at MILLDAM 1 (Devlin Road).
While for PMF the flood levels are predicted to be lower by 1.3m at M4 Motorway Bridge, by
1.5m at Victoria Bridge and by 1.6m at MILLDAM 1 (Devlin Road).
For the Nepean River between the M4 motorway and Victoria Bridge, most flood impacts and
flooding of urban areas (e.g., Emu Plains) would occur once flood levels approaching or
exceed the existing 1 in 100yr flood level. With the projected dam wall raising it is prominent
that the flood level in the 1 in 500yr flood level would be lower than the existing 1 in 100yr
flood level at Victoria Bridge cross section. For instance, existing 1 in 100yr flood level at
Victoria Bridge is 25.8m AHD while with projected dam wall raising the 1 in 500yr flood level
is 25.4m AHD. This reduction in flood levels will provide flood immunity to Emu Plains area up
to 1 in 500yr flood event. A comparison of the flood extent maps for 1 in 100yr and PMF events
are extracted from Chapter 15 and are presented below.
The water level timeseries for different design flood events at F4BRIDGE (Nepean River – M4
Motorway bridges) for existing and projected dam wall raising scenarios are presented in
Figure 4-2. Similarly, the water level timeseries for other cross-sections are also presented in
Figure 4-3. It is evident that both the flood frequencies and the shape of the timeseries are
changed with the projected dam wall raising scenario. In addition to reducing the peak flood
levels and associated flood extents, a raised dam wall will alter the period of inundation and
rate of rise of floodwaters, allowing more certainty of time for people to evacuate, protecting
lives, and reducing damages.
Raising dam wall will create a flood mitigation zone that seats on top of the existing full supply
level of the dam. This flood mitigation zone would delay and attenuate the progression of
inflows coming from the upstream Warragamba Catchment, which in turn would reduce the
severity of regional flood events impacting on the downstream floodplains. The concept of
releasing of the stored water in the flood mitigation zone after the peak of flood has passed
will reduce the peak flood levels but will have negative impacts on the downstream low-lying
areas e.g., Yarramundi Lagoons. This area would experience a longer duration of low-level
river flows as flood waters recede compared with how the existing dam operates. This change
in operation would result in potential limited access for road users from the extended closure
of low-lying bridges during releases from the flood mitigation zone. For instance, the low-lying
Yarramundi Bridge could remain closed for hours and up to around 10 days longer with the
controlled releases from the dam (Source Figure 32 of EIS Executive Summary).
Council adopted flood levels from Penrith’s Nepean River Flood Study 2018 are also listed in
Table 4-2. Investigations reveal that the flood levels from the Nepean River Flood Study 2018
are generally higher than the flood levels from the projected dam wall raising scenario for all
design flood events except for PMF. For instance, at Victoria Bridge the 1 in 100yr event the
Nepean River Flood Study 2018 has a level of 26.3m AHD whilst the projected dam wall raising
scenario has a level of 21.6m AHD which is 4.7m lower than the levels predicted under the
Nepean River Flood Study 2018. With the projected dam wall raising it is prominent that the
flood level in the 1 in 500yr flood level would be lower than the existing 1 in 100yr flood level
at Victoria Bridge. For instance, the adopted 1 in 100yr flood level at Victoria Bridge is 26.3m
AHD while with projected dam wall raising the 1 in 500yr flood level is 25.4m AHD. A reduction
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in flood level by 0.9m. This reduction in flood levels will provide flood immunity to Emu Plains
area up to 1 in 500yr flood event.
In PMF event, the Nepean River Flood Study 2018 has a level of 31.1m AHD whilst the
projected dam wall raising scenario predicts a level of 31.4m AHD which is 0.3m higher at
Victoria Bridge. While at MILLDAM 1 (Devlin Road) the Nepean River Flood Study 2018 has
a level of 27.0m AHD and the projected dam wall raising scenario predicts a level of 29.8m
AHD which is 2.8m higher. Table 3-2 shows that the flood levels from the wall dam raising
scenario are higher than the adopted PMF levels.
The benefit of reducing the flood levels across the area is also resulted in reducing the number
of inundated properties. At Penrith, the review assessment reveals that the number of
residential properties affected by a 1 in 20yr event is currently estimated to be 70, which would
reduce to fewer than 10 under the projected dam wall raising scenario. For a 1 in 100yr event
there are currently an estimated 1,700 residential properties which would be affected. This
number is predicted to reduce to 80 residential properties under the projected dam wall raising
scenario, which represents a reduction of 95 percent. In a 1 in 1,000yr event, an estimated
7,200 residential properties would be affected and 150 manufactured homes. Under the
projected dam wall raising scenario the number of residential properties affected in the Penrith
LGA would be reduced by 65 percent, with the number of manufactured homes affected
reducing from 150 to 70 homes. For a 1 in 100yr event it is estimated that 70 commercial and
industrial properties would currently be affected. Under the projected dam wall raising
scenario, this number would reduce to zero. The number of properties supporting rural
activities currently affected by a 1 in 100yr event is estimated to be 790, which would reduce
to 200 under the projected dam wall raising scenario, a reduction of 75 percent.
The flood modelling and model results presented in EIS are based on the Regional Flood
Study 2019 that recommended the development of a detailed 2D TUFLOW model to define
the flood behaviour in the Valley. In addition, the results are coming from two different flood
modelling sources e.g. RUBICON and TUFLOW making it hard to have a conclusive decision
about the EIS. That said, the projected dam wall raising flood results presented in the EIS are
promising. They offer several benefits for the Nepean River and its floodplains that are located
between Glenbrook Confluence and Yarramundi Bridge. The projected dam wall raising will
result in lower peak flood levels compared to Council adopted flood levels. There will be less
inundated property and hence less flood damage / risk. The potential negative impacts include
longer periods of low-level flooding and flood hazard, disruption to transport and businesses
as well as an increase in the risk of bank erosion. Examples include an increase of 2.5m above
the normal Nepean River level at Penrith. There will be limited access for road users from
extended closure of low-lying bridges e.g. Yarramundi Bridge that could remain closed up to
10 days longer with controlled releases from the dam
Table 4-2: Change in flood levels at Nepean River between Glenbrook Confluence and
Yarramundi Bridge due to Warragamba Dam Wall Raising Scenario and Council adopted flood
levels.
Flood Event (1 in X chance in a year)
5
10
20
100
200
500
Existing Conditions (m AHD)
F4BRIDGE (Nepean River – M4
Motorway bridges)
20.6
22.7
24.9
27.6
28.4
29
Victoria Bridge cross-section
19.6
21.3
23.3
25.8
26.5
27.1
BONNEVALE
(Nepean
River
Downstream of Penrith Weir)
14.9
17.8
20.5
23.5
24.3
25.3
MILLDAM 1 (Nepean River - at
Castlereagh)
12.9
15.6
18
20.4
21.4
22.7
With Project (Dam Wall Raising and 100 GL/day discharge) (m AHD)
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PMF

34.9
32.7
32.5
31.4

F4BRIDGE (Nepean River – M4
Motorway bridges)
17.9
18.8
18.8
22.9
24.9
27.2
Victoria Bridge cross-section
17.5
18.2
18.8
21.6
23.3
25.4
BONNEVALE
(Nepean
River
Downstream of Penrith Weir)
11
12.5
13.8
18.3
20.7
23.1
MILLDAM 1 (Nepean River - at
Castlereagh)
9.4
11
12.3
16.1
18.2
20
Change in flood levels (m)
F4BRIDGE (Nepean River – M4
Motorway bridges)
-2.7
-3.9
-5.3
-4.7
-3.5
-1.8
Victoria Bridge cross-section
-2.1
-3.1
-4.5
-4.2
-3.2
-1.7
BONNEVALE
(Nepean
River
Downstream of Penrith Weir)
-3.9
-5.3
-6.7
-5.2
-3.6
-2.2
MILLDAM 1 (Nepean River - at
Castlereagh)
-3.5
-4.6
-5.7
-4.3
-3.2
-2.7
Council Adopted Flood Study - Nepean River Flood Study 2018 (m AHD)
F4BRIDGE (Nepean River – M4
25.0
28.2
29.3
29.8
Motorway bridges)
N/A
N/A
23.4
26.3
27.3
28.1
Victoria Bridge cross-section
N/A
N/A
BONNEVALE
(Nepean
River
22.8
25.6
26.6
27.2
Downstream of Penrith Weir)
N/A
N/A
MILLDAM 1 (Nepean River - at
17.6
20.4
21.5
22.4
Castlereagh)
N/A
N/A
Change in flood levels (m)
F4BRIDGE (Nepean River – M4
Motorway bridges)
N/A
N/A
-7.0
-7.1
-6.3
-4.5
Victoria Bridge cross-section
N/A
N/A
-4.6
-4.7
-4.0
-2.7
BONNEVALE
(Nepean
River
Downstream of Penrith Weir)
N/A
N/A
-9.0
-7.3
-5.9
-4.1
MILLDAM 1 (Nepean River - at
Castlereagh)
N/A
N/A
-5.3
-4.3
-3.3
-2.4
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33.6
31.4
31
29.8

-1.3
-1.3
-1.5
-1.6

32.5
31.1
30.2
27.0

-1.1
+0.3
+0.9
+2.8

Figure 4-2: Water Level Timeseries at F4BRIDGE (Nepean River at M4 Motorway Bridge)
(Source Figure 4-32 of Appendix H1)

Figure 4-3: Water Level Timeseries for 1 in 100yr (Source Figure 4-33 of Appendix H1)
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4.3
Area 3 – Rickabys Creek and South Creek (Hawkesbury-Nepean River
Backwater)
The Hawkesbury-Nepean River backwater flood levels via Rickabys Creek at Londonderry for
existing condition and proposed Warragamba Dam Wall raising scenario are presented in
Table 4-3. These results are sourced from Table 15-20 of Chapter 15: Flooding and Hydrology
and Table 3-11 of Appendix H1 for LDERRY (Rickabys Creek at Londonderry). Table 4-3 also
shows the flood levels difference between the two scenarios. The projected dam wall results
are very promising as the backwater flood levels are reduced dramatically across all design
flood events including the PMF. For instance, the existing backwater flood level for the 1 in
100yr event (17.3m AHD) is predicted to be lowered to 13.3 m AHD.
Table 4-3: Change in flood levels at LDERRY Cross-section (Rickabys Creek at Londonderry)
due to Warragamba Dam Wall Raising Scenario.
LDERRY (Rickabys Creek at Londonderry)
Flood Event (1 in X chance in a year)
Existing Conditions (m AHD)
With Project (Dam Wall Raising and 100 GL/day
discharge) (m AHD)
Change in flood levels (m)

5
10.
1

10

9.3

9.7
2.3

-0.8

12

20
13.
8
10.
6

100
17.
4
13.
3

200
18.
4
14.
8

500
19.
6
16.
8

PM
F
26.
7
25.
1

-3.2

-4.1

-3.6

-2.8

-1.6

The Hawkesbury-Nepean River backwater flood levels via South Creek at Richmond Road
Bridge for existing condition and proposed Warragamba Dam Wall raising scenario are
presented in Table 4-4. These results are sourced from Table 15-20 of Chapter 15: Flooding
and Hydrology and Table 3-11 of Appendix H1 for RICKWALK (South Creek at Richmond
Road Bridge). Table 4-4 also shows the flood levels difference between the two scenarios.
The projected dam wall raising results are very encouraging as the backwater flood levels are
reduced dramatically across all design flood events including the PMF. For instance, the
existing backwater flood level for the 1 in 100yr event (17.3m AHD) is predicted to be lowered
to 13.2 m AHD.
Table 4-4: Change in flood levels at RICHWALK Cross-section (South Creek at Richmond
Road Bridge) due to Warragamba Dam Wall Raising Scenario.
RICHWALK (South Creek at Richmond Road Bridge)
Flood Event (1 in X chance in a year)
Existing Conditions (m AHD)
With Project (Dam Wall Raising and 100 GL/day
discharge) (m AHD)
Change in flood levels (m)

5
9.8
7.7
2.1

10
11.
9

PM
F

100
17.
3
13.
2

200
18.
3
14.
7

500
19.
6
16.
7

26.7

9

20
13.
7
10.
2

-2.9

-3.5

-4.1

-3.6

-2.9

-1.7

The timeseries graphs for Windsor Bridge are not supplied in the EIS, as an alternative the
water level timeseries for North Richmond (sourced from Table 15-21 of Chapter 15) are
presented in Figure 4-4 to provide an indication of the rate of rise relevant to South Creek and
Rickabys Creek areas. While, the peak flood levels and associated flood extents are reduced,
there are now longer period of low flood to drain the water from the raised dam wall mitigation
zone. This will alter the period of inundation and rate of rise of floodwaters, allowing more
certainty of time for people to evacuate, protecting lives, and reducing damages.
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Currently for Rickabys Creek area Council uses the flood information from the “HawkesburyNepean Valley Regional Flood Study, wmaWATER 2019”. For South Creek Council is using
the South Creek Flood Study, Worley Parsons 2015. For both areas, the dam wall raising
provides positive benefit as the backwater flood level is reduced significantly and hence the
number of properties inundated. The impact of the projected dam wall raising on downstream
PMF flood extents and durations is minimal as the proposed wall raising scenario would only
capture a very small proportion of inflows and consequently the difference between
downstream existing and projected PMF impacts is relatively small.
Figure 4-4: Water Level Timeseries at North Richmond (Source Table 15-21 of Chapter
15)
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The following maps present the comparison of the flood hazard and the areas of
concerns raised in the review comments above
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Figure 43 from Appendix H1: Flooding and Hydrology

Figure 14 from Appendix H2: Flood Risk Analysis
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Figure 43 from Appendix H1: Flooding and Hydrology

Figure 14 from Appendix H2: Flood Risk Analysis
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Figures 14, 18 and 22 from Appendix H2: Flood Risk
Analysis
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4.5 Evacuation Review
This section provides details of the review of the impacts to flood evacuation.
The Hawksbury Nepean Flood Plan, 2020 prepared by the NSW SES is a sub plan of the
State Emergency Management Plan and covers prevention and preparedness measures, the
conduct of flood operations and the transition to recovery for floods in the Hawkesbury-Nepean
Valley. This plan clearly identifies the methodology of evacuation planning within the
Hawkesbury-Nepean Valley.
The areas covered by this plan include:
•
•
•

Parts of the Wollondilly and Liverpool Local Government areas, downstream from the
southern end of Bents Basin near Wallacia, in the NSW SES Sydney Southern Region.
Parts of the Penrith, Hawkesbury, The Hills and Blacktown Local Government areas
in the NSW SES Sydney Western Region.
Parts of the Hornsby and Gosford Local Government areas, downstream from
Wisemans Ferry to Spencer in the NSW SES Sydney Northern Region.

With regards to evacuation in the Hawksbury Nepean Flood Plan, one of the major concerns
for Penrith City Council is that SES evacuation routing relies heavily on roads within the
Penrith LGA. These roads service evacuees from the Windsor and Richmond regions and as
a result, congestion is expected during evacuation of major flood events. Furthermore, these
roads also cut off when a certain flood level is reached.
The roads include:
•
•
•
•

Castlereagh Road – closes at 20.2m AHD
The Northern Road – closes at 18.1m AHD
Londonderry Road – closes at 18m AHD
Llandilo Road – closes at 23.8m AHD

Section 15.7.3 of Chapter 15: Flooding and hydrology of the Environmental Impact Statement
covers changes in evacuation planning. This section covers the changes that are required to
the revised evacuation plan, we believe that some further information should be provided as
part of the EIS to better understand the true impact of the dam raising. It can be understood
from this section of the document that data from initial revised evacuation modelling amongst
other components of the Flood Strategy has been used to comment on benefits of the dam
raising. However, our review the EIS with consideration to evacuation planning, it is difficult to
understand the severity of impacts with the level of detail provided within the EIS.
It is clearly understood that the attenuation of flows by the FMZ during major flooding events
will reduce the peak levels downstream of the dam. However, there is a negative impact of
prolongation of flooding within low lying areas. There is a shortcoming of data related to this
that makes it difficult to truly understand the impact this will have on emergency evacuation.
Review Comments
In Appendix H1, the change in peak flood extent map for the 1% flood event is not provided.
We believe that this is an error in the document as the 20% AEP map is provided twice and
then the extreme flood event map. The 20% AEP map shows a very positive reduction in flood
extents, particularly downstream of the Penrith LGA, which should theoretically ease
evacuation congestion along its roads.
In table 15-10 of Chapter 15 the number of people requiring evacuation is outlined. It would
be ideal if the report could also comment on the number of residents that would no longer
need to be evacuated after the dam has been raised. This comparison data between existing
and raised dam conditions will give a better view of the reduction of people who are within
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flood evacuation zones. With this data, Penrith City Council will also gain a better
understanding of the reduction to road congestion during evacuation to roads within our LGA.
Currently, the only data available in the report is the number of people no longer affected by
flooding, as shown in in table 15-28, and does not take into evacuation into consideration.

Prolongation of flooding can be argued as the biggest negative impact downstream due to the
dam raising and FMZ release of water. Table 15-29 covers the potential impacts of the
prolonged 100 gigalitres per day discharge rate. It is seen that the floodplain road network is
not affected apart from two bridges over Cattai Creek. It would be ideal if modelling data is
released to substantiate this. Without this data it is difficult to understand what the prolonged
impact can have at road cut off points. For example, Rickabys creek backwater flooding
causes Londonderry Road to have its road cut at 18m AHD during severe storm events. Table
15-21 shows that the 1 in 500 chance in a year flood having an elongated period of
approximately 7 days of flood levels above 19m AHD. If another storm even occurs during this
then there is a possibility that residents can be cut off from their properties for days or even a
week. Furthermore, if prolonged flooding occurs over cut roadways, the SES will need to have
revised community awareness strategies for prolonged flooding which will be a negative social
impact. Therefore, this increase in low level flooding and subsequent impacts needs to be
further discussed and explained through modelling results.

A positive point with the dam raising is the increase in time to road closure. This increase is
positive almost across the board except for the PMF event at Cattai Creek Road Bridge as
shown below in Table 15-26 (below). There is a reduction of 3 hours compared to the existing
conditions. The reason for this is not clear in the report and we believe this anomaly should
be explained in conjunction with this table.
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Chapter 21: Socio-Economic, land use and property sets to provide a comprehensive study
on the socio-economic impacts to the communities potentially affected by the dam raising.
Table 21-23 below shows the summary of impacts to the downstream communities. It is
agreeable from the EIS that the impact nature will most likely be positive. However, empirical
data would better support it for the purposes of validation.

Table 15-11 shows the flooding classification and evacuation characterised by area. It is our
opinion that a discussion about changes (i.e., existing vs. dam raising) to low and high flood
islands should be written in the EIS so that there is a better understand the impacts to low and
high flood islands within the Penrith Local Government Area with the raised dam.
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Table 15-12 shows the relevant flood studies and floodplain risk management strategies for
the EIS. This list, however, does not include the Penrith CBD Floodplain Risk Management
Study 2020. Section 8.4.1 of this Flood Risk Management Study discusses regional
evacuation routes and should be considered for the EIS as well as evacuation planning.
In conclusion, the EIS shows that the Dam raising impacts evacuation in a positive way. The
most positive impact for evacuation that is observable is the increase of time gained before
bridges and roads close in evacuation routes. This will result in much longer times for
evacuations to take place. Furthermore, the attenuation of water by the FMZ has positive
affectation on flood extents in the floodplains with large reduction in flood extents downstream
of Penrith LGA, particularly in the Richmond and Windsor areas through many of the design
storm events. There are several arterial evacuation routes from the Richmond and Windsor
sectors that funnel evacuees south through the Penrith LGA, a reduction in flood extents will
reduce the number of residents utilising the routes and therefore reduce congestion during
this time. This has a compounding positive effect to flood evacuation with the increase of time
allowed before roads and bridges are cut off.
However, further information would be required for gain a better understanding of the impacts
of the dam raising. This would include:
•
•
•
•

Flood modelling data to support positive impacts
the 1% AEP Change in Peak Flood Extent Map
Data showing the reduction of people requiring evacuation with dam raising
Data related to road and bridge cut of areas during prolongation of low-level flooding
due to FMZ
Explanation for reduction in time to cut off at Cattai Creek Road Bridge
Differences to low and high flood islands identified in report when dam is raised
Inclusion of the Penrith CBD Floodplain Risk Management Study and Plan 2020

•
•
•

5. Planning Considerations
•
•

•

Council would need to have a policy/strategy of how the new flood risk is to be
incorporated in the Council planning post the dam upgrade.
Dam upgrade would reduce flood risk. How does Council update its flood studies
and floodplain risk management plans?
o Council will need to review and update all its relevant flood studies and
floodplain risk management plans. Funding from State Government would be
required to review and update its studies.
o Flood models and data from State Government would be required to update
Council’s studies.
The EIS states that the flood mitigation capacity of the dam would decrease with
time due to climate change (Chapter 5, Pg5-1). If Council revises the flood risk
management plans based on the current flood mitigation capacity of the raised dam,
those FRMPs would need a constant revision to ensure that the reduced mitigation
capacity is considered.

•

SEARs require mapping of Flood Planning Area (Chapter 15, page 15-3) for the new
design flood under the Project. This has not been provided.

•

A statutory requirement that the downstream floodplain development is not
intensified to make use of the reduced flood risk due to Warragamba Dam Raising.
This is important because climate change would reduce the dam’s risk mitigation
capacity and the risk of dam failure would increase, which would require a higher
standard of dam maintenance
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•

How the revised risk of modified dam is to be conveyed to the community.

•

Does Council need to start updating the flood study well before the wall raising
project is completed, so that a new flood study is ready and the new flood planning
areas are established and ready to be utilised for development planning and controls

•

Statutory requirement to impose restriction on use of Flood Mitigation Zone of the
dam for water supply or any other purposes.
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