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Georges Cove Marina 
Modifications to Development Concept 
Flood Impact Assessment 
7 January 2015 Version 11 
 
EXECUTIVE SUMMARY 
 
The Georges Cove Marina was approved by the JRPP and Liverpool City Council consisting of a marina 
basin, marina building, marina clubhouse building, carparking and access road.  The approved land levels 
are presented on Figure 2. Detailed studies for the marina demonstrated that this development would not 
cause any significant impacts on flood behaviour.  The relevant flood levels identified were:- 
 
• 20 yr ARI RL 4.6 to 4.7m AHD 
• 100 yr ARI RL 5.5 to 5.6m AHD 
• PMF RL 10.2m AHD 
• Flood Planning Level RL 6.1m AHD (100yr + 0.5m) 
 
It is proposed to incorporate apartments and terraces within the form and footprint of the approved 
marina building and marina clubhouse building (refer Figure 1).  The landform under the terraces and 
apartments would be raised to RL 6.3m AHD and the landform at RL 1.65m would be extended from 84m 
to 132.5m to compensate for any reduction in flood flow area (refer Figure 3). Given that there would be 
no change to the form or footprint of the buildings, this modification would ensure there would be no 
adverse impact on flooding behaviour. In this modified landform there would be a net cut over the marina 
area of approximately 24,853 m3 thereby providing extra flood storage rather than any loss of storage.  
 
The NSW government Floodplain Development Manual (FDM) and Liverpool Council’s LEP recognize that 
flood planning is a merits based assessment which minimizes flood related risks to personal safety and 
property damages.  The proposed residential component achieves these objectives. 
 
The approved marina development provides a platform for the proposed residential component which is 
above the 100yr flood level and is not subject to any flood flows.  According to Council’s flood policy, it is 
nominated as Low Flood Hazard Category and residential uses are permitted within this category subject 
to the main issues discussed below. 
 
The minimum floor level of the apartments would be RL 10.4m which would be 200mm above the PMF 
level.  The apartments would not be flood affected. 
 
The three level terraces would have a minimum floor level of RL 6.3m and internal access to a floor at RL 
12.5m well above the PMF level. 
 
All residents would have carparking flood protected to a level of RL 6.3m which is 200mm above the flood 
planning level. 
 
All residents would have pedestrian and vehicle access to an evacuation route above the 100yr flood level 
to external areas above the PMF level.  If this is not available for some reason, all residents have internal 
access to floor levels above the PMF level. 
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The residential buildings would be certified as structurally sound to withstand the hydraulic load of the 
PMF flood. 
 
As such, the proposed residential component in the approved marina development would exceed the 
personal safety and property damage objectives and criteria used to typically approve residential 
development on the floodplain in the following ways:- 
 

• the approved marina provides a platform for residential development  which is above the 100yr 
flood level, has easy evacuation and no hydraulic hazard and hence would be classified as a Low 
Flood Hazard category in terms of Council’s DCP Flood Planning Matrix – in this hazard category, 
residential development is allowable; 

• all apartments are not flood affected; 
• all terraces have minimum floor levels 200mm above the Flood Planning Level; 
• all terraces have internal access to floor levels above the PMF level; 
• all residents have access to an evacuation route to external areas 200mm above the 100yr flood 

level; 
• the building would be unaffected by significant structural damages up to the PMF level which is 

beyond the requirement for detached residences on the floodplain. 
 
The proposed residential component is considered an appropriate development as it conforms to all the 
flood related objectives and guidelines according to a merits based assessment as recommended by the 
NSW government and Liverpool Council flood policies. 
 
1. Introduction 
 
It is proposed to modify the Georges Cove Marina development to incorporate residential apartments and 
terraces in part of the proposed marina building and marina club house building envelopes.  Parking for 
the residents would be accommodated in a two level enclosed basement carpark.  This report supports the 
application with an assessment of flood impacts.  We were responsible for the formulation of the Council 
and JRPP approved flood assessment for the marina development. 
 
2. Flood Characteristics 
 
The predicted flood levels for the marina site are:- 
 
• 20 yr ARI RL 4.6 to 4.7m AHD 
• 100 yr ARI RL 5.5 to 5.6m AHD 
• PMF RL 10.2m AHD 
• Flood Planning Level RL 6.1m AHD 
 
The marina site is located in a flood storage area and not within a floodway. 
 
 
3. Proposed Modification 
 
The proposed residences would be located within the proposed marina building and marina club house 
building footprints (refer Figure 1).  Terraces (three storey) would be located within the marina club house  
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building while the apartments would be located in part of the marina (and dry storage) building footprint.  
There would be four storeys of apartments. 
 
The proposed floor levels for these dwellings would be:- 
 
 • apartments  – RL 10.4 to 20.0m AHD 
 • terraces - RL 6.3 to 12.5m AHD 
 
The carparking for the marina users would be as per the original marina approval.  It would consist of the 
carparks A and B in south eastern area and an open two level parking structure under the southern area of 
the marina building between D and F on Figure 1.   
 
The carparking for the residents would be located in an enclosed two level basement carpark up to a level 
of RL 6.3m under the northern section of the marina building between locations B to D on Figure 1. 
 
All the apartments would be located above the PMF level.  The terraces would have a ground floor level 
approximately 200mm above the flood planning level with internal access to a floor level at RL 12.5m AHD 
which is approximately 2.3m above the PMF level.  These dwellings have floor levels above the normal 
levels required for flood protection. 
 
The terraces would have at grade parking at RL 6.3m AHD which is 200mm above the flood planning level. 
 
Access to the basement carparking for the apartment owners would be available at location C on Figure 1 
at a level of RL 6.3m AHD (200mm above the flood planning level).  This carpark ramp would be fully 
enclosed and lead down to the enclosed basement levels for parking.  
 
The carpark road entry and exit would have a level of RL 6.3m AHD from location A to E on Figure 1 which 
is 200mm above the flood planning level.  The carpark exit would be located on a suspended deck 
extended from the building to provide a bridge back to the land levels at RL 6.3m near the carpark entry. 
This would provide all entries and exits to the marina buildings and residences at RL 6.3m AHD (200mm 
above the flood planning level).  A secondary road adjacent to this main entry road to the marina buildings 
would ramp down from RL 6.3 to RL 1.65m AHD between locations C & D on Figure 1.  Between locations D 
and F, the secondary road would be at a level of RL 1.65m AHD for a distance of 132.5m adjacent to the 
marina building as approved in the marina development.  This road would extend easterly to provide 
access to the carparks A and B in the south eastern area of the marina. The proposed ground levels for this 
modification are presented on Figure 3. 
 
 
4. Flood Impact Assessment 
 
4.1 Flow Paths and Levels  
 
The flood flow area as defined by the Cardno flood modeling would be retained even though the land mass 
would be raised for the residential areas. This flow area would be retained by extending the area at RL 
1.65m under the marina building from 84m to 132.5m. The proposed land mass levels in the building areas 
would be:- 
 
 
 • there would be no 100 yr flood flow area between A to D on Figure 1; and 
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 • a compensatory flood flow area would be created by extending the area at RL 1.65m AHD 

from D to F on Figure 1 over a distance of 132.5m. 
 
The marina flood modelling by Cardno used a length of 60m at RL 1.65m to verify that there would be no 
adverse flood impacts due to the development.  This was subsequently increased to 84m to generate extra 
cut to offset extra fill associated with the access bridge modification approval (see Section 4.2). 
 
The proposed modifications for the residential development match the flood flow areas and maintain a 
significant net cut (extra flood storage) in comparison to the Cardno flood modelling and hence have no 
adverse impacts on flood behaviour. 
 
4.2 Flood Flow Area 
 
As mentioned in Section 4.1, the flood flow area allowed at RL 1.65m under the southern end of the 
marina building has been approved at 84m long rather than the 60m used in the Cardno flood modelling.  
The approved marina therefore provides an additional flood flow area 24m wide over a flood level range 
from RL 1.65 to 4.6m.  A further additional distance of 48.5m at RL 1.65m AHD is proposed to offset the 
raising of the landform for the residential component. The overall length at RL 1.65m AHD would be 
132.5m.   
 
4.3 Balanced Cut and Fill 
 
The cut and fill assessment over the site by Matthew Freeburn Surveyors established that the approved 
marina would result in a net cut of 19,383m³ (refer Figure 2). 
 
The access bridge modification approval for the site in the Land and Environment Court was reviewed by 
Cardno in terms of its flood impacts and extra fill in the floodplain.  Cardno established in their report 
dated 23 May 2014 that there were no adverse impacts on flooding but it added 2820m³ of fill in the 
floodplain. 
 
The cut of 19,383m³ in the floodplain generated by the marina readily compensates for the 2820m³ of fill 
added by the access bridge modification leaving an overall net cut of 16,563 m³.  As such there is no 
adverse impact on flood behaviour. 
 
The further modification proposed in Section 4.2 of raising the level of ground for the proposed residential 
component would introduce both fill to raise the landform and cut to extend the area at RL 1.65m so that 
the result is a net cut of 18,393m3.  
 
The basement for the section of the marina building between D and F would extend down to RL 0.9m 
providing additional cut of 0.75m under the 132.5m length of this section of the building. This would 
extend the cut volume by 6,460m3 to an overall net cut of 24,853m3. 
 
4.4 Flood Behaviour 
 
The proposed residences would be accommodated within the general form of the approved marina 
buildings and as such, will not have an adverse impact on flood behaviour. 
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4.5 Flood Risk 
 
The proposed residences have pedestrian and vehicular access at a level of RL 6.3m AHD which is 700mm 
above the 100r ARI flood level and 200mm above the flood planning level.  This is an improved protection 
compared with most new residential developments on NSW floodplains. 
 
The improvements for this development compared with normal detached residences are:- 
 
 • apartments are all located above the PMF level; 
 • terraces have internal access to a floor level above the PMF level; 
 • buildings can be designed to structurally withstand PMF flood levels; and  

•  there is access from the site in the event of an evacuation and access to the site for 
emergency vehicles in a 100yr ARI flood. 

 
In these ways, the proposed residences have less flood risk than the normal residences within NSW 
floodplains. 
 
5. Conformance to Flood Policy 
 
5.1 NSW Government Flood Policy 
 
The NSW Government’s Flood Prone Land Policy and Floodplain Development Manual support the wise 
and rational development of flood prone land.  The policy acknowledges that flood prone land is a valuable 
resource that should not be sterilised by unnecessarily precluding its development and that development 
should be treated on its merits rather than through the application of rigid and prescriptive criteria. 
 
The aim of the policy is to appropriately manage the risk to personal safety and damages from floods.  
These aims are adopted in the Liverpool Local Environmental Plan 2008.  The way in which the proposed 
development conforms to these aims or objectives is discussed in Section 5.2. 
 
5.2 Liverpool LEP 2008 
 
5.2.1 LEP Objectives for Flood Planning 
 
The Liverpool Local Environmental Plan 2008 (LEP) specifies the following four objectives of flood planning.  
These four objectives are listed below along with a discussion as to how the proposed development 
conforms to these objectives. 
 

a) to maintain the existing flood regime and flow conveyance capacity 
 
This has been achieved by locating the marina building outside of the major flood flow conveyance area 
and allowing the flood storage area to the south west of the marina to continue to operate. 
 

b) to avoid significant adverse impacts on flood behaviour 
 
This has been achieved by successfully achieving objective (a) and by ensuring that there was no loss of 
flood storage.  In fact, the proposed development would beneficially add an extra 18,393m³ of flood 
storage. 
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Detailed flood modelling by Cardno has established that the proposed development would not adversely 
impact on flood behavior. 
 

c) to limit uses to those compatible with flow conveyance function and flood hazard  
 
Because the proposed development would not cause a significant adverse impact on flood behaviour, it 
therefore must be compatible with flow conveyance.  Cardno has reaffirmed that the proposed 
development is not located in a floodway which has a high conveyance function. 
 
The approved marina establishes a platform for the proposed residential development which is 
categorized as a Low Flood Hazard allowing residential development. The design of the residential 
component ensures that they are compatible with the flood hazard.  The residences have a rising flood 
evacuation route via road above the 100yr flood level to areas above the PMF flood level.  As a fall back, 
they also have internal access to floor levels above the PMF level.  In addition, the building can be designed 
to withstand the hydraulic load for floods up to the PMF.  This is a characteristic beyond that possible for a 
typical two storey detached house. 
 
The compatibility to flood hazard is assessed in terms of risk to personal safety and flood damages.  It is 
evident that the proposed development is compatible because it provides a level of security or risk 
management beyond that which are achieved by typical houses allowable within the Liverpool DCP flood 
planning matrix.   
 
This is why the NSW government’s Floodplain Development Manual recommends assessment of a merit 
basis because not all developments are the same and some developments in high flood hazard areas can 
conform to the flood planning objectives irrespective of the flood hazard classification. 
 

d) to minimize the risk to human life and damage to property from flooding 
 
As discussed for objective c), the proposed residential development achieves this objective better than 
most other developments in the floodplain by:- 
 
• having all the apartments located above the PMF flood level; 
• having all terraces with internal access to a floor level above the PMF level; 
• building design to withstand the hydraulic load up to a PMF; 
• rising vehicular and pedestrian access to external areas above the PMF level. 
 
5.2.2 LEP Development Consent 
 
The Liverpool LEP requires satisfaction of six requirements prior to giving development consent to 
residential development in a flood planning area.  The following discussion demonstrates how the 
proposed residential development conforms to these requirements. 
 
5.2.2.1 Flood Behaviour and Adjacent Property 
 

a) will not adversely affect flood behaviour and increase the potential for flooding to detrimentally 
affect other development or properties 
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The detailed flood impact assessment undertaken by Cardno established that the proposed development 
would not adversely impact flood behaviour and would not adversely impact on the flood behaviour on 
adjacent properties (refer to Figures 4-1 to 4-8 in Cardno report).  
 
5.2.2.2 Flow Distributions and Velocities 
 

b) will not significantly alter flow distributions and velocities to the detriment of other properties or 
the environment  

 
The proposed marina structures are located outside the main flood flow areas and are located in a flood 
storage area with low velocities. As such, there is no adverse impact on flood flow distributions and 
velocities (refer to Figures 3-8 and 3-18 in the Cardno report and in the responses in Section 5.1). 
 
5.2.2.3 Safe Occupation and Evacuation 
 

c) will enable the safe occupation and evacuation of the land 
 
The proposed marina will have an approved safe emergency response flood plan. It meets all the 
Government requirements for floor and car parking levels, rising evacuation routes, more than adequate 
warning times, dedicated and trained staff to manage the evacuation plan and a fallback option of vertical 
evacuation in the main building to levels significantly above the PMF level. The proposed development 
meets all the requirements of the NSW Government’s Floodplain Development Manual and the Council’s 
LEP and DCP for flooding. As such it is considered to enable safe occupation and evacuation. 
 
5.2.2.4 Adverse Environmental Impacts 
 

d) will not have a significant detrimental effect on the environment or cause avoidable erosion, 
siltation, destruction of riparian vegetation or a reduction in the stability of any riverbank or 
watercourse 

 
The proposed marina development has been approved because the environmental impacts were 
acceptable.  
 
5.2.2.5 Sustainable Flood Related Social and Economic Costs 
 

e) will not be likely to result in unsustainable social and economic costs to the flood affected 
community or general community as a consequence of flooding 

 
 
The proposed marina has been designed to minimize the potential flood related damages in terms of the 
building form, materials selection and adopted floor levels. Also, flood safety has been an important design 
principle. The proposed development is in accord with the NSW Government Floodplain Development 
Manual and thus, along with the above design approach, ensures that the development offers a 
sustainable approach to the social and economic costs of the local and general community. Importantly, it  
does not require significant additional flood related infrastructure or resources to support the proposed 
development. 
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5.2.2.6 Compatible with Flood Flow and Hazard 
 

f) if located in the floodway, will be compatible with the flow of flood waters and with any flood 
hazard on that floodway 

 
The development is not located within a floodway however it still is compatible with the flood flow and 
hazard. The buildings have been specifically located west of the main flood flows and designed to comply 
with its flood hazard and the associated requirements of Council’s LEP and DCP as discussed in Section 4. 
 
6. Liverpool DCP 
 
6.1 Merits Based Approach 
 
The Liverpool DCP identifies in Section 9 the NSW government Floodplain Development Manual 2005 
which emphases a merit based approach to floodprone land planning.  It recognizes that it is about risk 
management in terms of personal safety and flood damages.  The aim is to minimize these risks within 
acceptable bounds and the flood planning level (100yr flood level plus 0.5m freeboard) is recommended as 
the acceptable bound for management of flood damages and the need for adequate evacuation above the 
PMF level for personal safety. 
 
The DCP is a guideline document prepared for a broad range of developments.  The flood planning matrix 
takes these broad landuses and provides guidelines for acceptable landuses in three flood hazard 
categories. The aim is to achieve the above objectives. 
 
The approved marina establishes a platform for the residential component which is above the flood 
planning level and hence is defined as a Low Flood Hazard category.  Residential development is allowable 
in this flood hazard category. 
 
However, this guideline cannot cover all types of development and hence it is recognized that all 
development should be considered on its merits as to how it conforms to the flood planning objectives.  
The nine objectives are listed in Section 9 of the DCP.  In Section 6.2 there is discussion as to how the 
proposed development on its merits conforms to the flood planning objectives in the DCP. 
 
 
6.2 Flood Planning Objectives 
 

a) to minimize the potential impact of development and other activity upon the aesthetic, recreational 
and ecological value of the waterways corridors. 

 
The residential component will be incorporated within the form and footprint of the approved marina 
buildings.  The marina approval already met this requirement and hence the residential component would 
conform to this objective. 
 

b) to ensure essential services and landuses are planned in recognition of all potential floods. 
 
 

There are no essential services for the broad community incorporated into the development however the 
proposed residential component of the development has been planned in recognition of all potential 
floods. 
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c) to reduce the risk to human life and damage to property caused by flooding through controlling 

development on land affected by potential floods 
 
The proposed residential component of the development complies with this objective and goes further by 
reducing the flood risks to below that normally accepted in floodplains in the following manner:- 
 
 • all apartments have flood levels above the PMF level; 
 • the terraces have internal access to floor levels above the PMF level; 

• the minimum habitable floor levels for the terraces are 200mm above the normally 
accepted flood planning level (100yr flood level plus 0.5m freeboard); 

• all dwellings have pedestrian and vehicular access on routes above the 100yr flood level to 
areas external to the site above the PMF; and 

• the buildings will be designed to withstand the hydraulic forces due to a PMF flood. 
 
As such, the proposed residential component readily conforms to this objective. 
 

d) to ensure that the economic and social costs which may arise from damage to property due to 
flood is minimized and is not greater than that which can be reasonably managed by the property 
owner and general community. 

 
Because the proposed residential component is designed to be beyond that typically conforming 
development (as described above for c)), the economic and social costs are minimised beyond that 
normally acceptable. 
 
As such, the proposed residential component conforms to this objective. 
 

e) to limit developments with high sensitivity to flood risk (eg critical public utilities) to land with 
minimal risk from flooding 

 
The proposed residential development does not contain high sensitive landuses and hence conforms to 
this objective. 
 

f) to prevent intensification of inappropriate use of land within high flood risk areas or floodways. 
 
The proposed residential component is not to be located in a floodway.  The residential component will be 
located on an approved platform above the flood planning level.  On this basis, it is nominated in Council’s 
DCP as a low flood risk category where the risk of damages is low. 
 
The residential development is not considered an inappropriate development given the low flood 
velocities and the design components which, on a merits based assessment, reduce the risk below that 
typical accepted for residential developments.  The reasons for this lower flood risk are described above. 
 
As such, the proposed residential component conforms to this objective. 
 
 

g) to permit development with a lower sensitivity to the flood hazard to be located within the 
floodplain, subject to appropriate design and siting controls. 

 
 



 

10 
N:\Projects\2507 - Sandy Point\2507.01 Sandy Point\Georges Bay Marina\Flood report for residential option\150107 Modifications to Dev Concept 
- Flood Impact Assessment v11.docx 

 

 
 
 

 
The proposed residential component conforms to this objective because the residential development is 
located in a low flood hazard zone.  The access to the site will not be overtopped by the 100yr flood and 
the majority of the residential floors will be at or above the PMF level.  The lowest residential floor level 
will be at least 700mm above the 100yr flood level. 
 
As such, the residential component is an appropriate landuse given the low flood hazard and the 
appropriate design and siting controls. 
 
 

h) to ensure that development should not detrimentally increase the potential flood affectation on 
other development or properties either individually or in combination with the cumulative impact 
of development that is likely to occur in the same floodplain.  

 
The proposed residential component is to be located within the form and footprint of the approved marina 
buildings.  As such, the proposed residential component would have no significant adverse impacts on 
flood behaviour over adjacent properties and thereby conforms to this objective. 
 

i) to ensure that development does not prejudice the economic viability of any Voluntary Acquisition 
Scheme.  

 
The proposed residential component would not affect or prejudice the economic viability of a voluntary 
acquisition scheme. 
 
In summary, the proposed residential component conforms to all the Council’s DCP flood planning 
objectives and hence based on a merits based approach as recommended in the NSW government 
Floodplain Development Manual and Council’s DCP, the development should be permitted. 
 
 
7. Section 117 Directions 
 
The marina development is located on land zoned Recreation, Direction 15 – Flood Prone Land issued 
under the Section 117 Ministerial Directions does not allow an amendment to the LEP from Recreation 
land to permit the proposed residential component (Clause (2)).  However, the Direction does allow the it 
if it can be argued that the inconsistency is of a minor significance (Clause 6(b)). 
 
The significance is measured in terms of its impact on the objectives of the planning of floodprone land.  
These are outlined in the Clauses (1) to (5) excluding Clause (2).  The degree to which the rezoning would 
conform to these clauses is discussed as follows:- 
 

(1) shall be consistent with the NSW Flood Prone Land Policy and principles of the Floodplain 
Development Manual 2005 

 
The proposed residential component does conform to these documents/policies in that it minimizes the 
potential flood risk to personal safety and property damages.  It is to be located in a low flood risk area as 
per the Council DCP which is compatible with residential development. 
 (3)(a) does not permit development in floodways. 
 
The residential component would not be located within a floodway. 
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 (3)(b) not permit significant flood impacts to flood planning areas 
 
The residential component is within the form and footprint of buildings which have been demonstrated 
not to have a significant adverse impact on flooding in the flood planning area. 
 
 (3)(c) not permit a significant increase in the development of that land. 
 
The residential component would be located within the form and footprint of the approved marina 
development.  As such, it would not be a significant increase in development of the site. 
 
 (3)(d) not permit substantially increased government spending on flood mitigation measures, 

infrastructure and services. 
 
The residential component does not require government spending on flood mitigation measures, 
infrastructure and services.  It will contain a design which goes beyond the normally acceptable flood 
planning for residential development. 
 
 (3)(e) not permit development without consent. 
 
The residential component would require development consent. 
 
 (4) not impose flood related development controls above the residential flood planning level. 
 
No controls are required which are above the residential flood planning level. 
 
 (5) not determine a flood planning level that is inconsistent with the Floodplain Development 

Manual 2005. 
 
This is not required for the proposed residential component. 
 
In summary, the proposed amendment to the LEP to allow a residential component in the approved 
marina development would comply with the NSW government policy and the Council’s LEP and DCP in 
terms of development of floodprone land. For the Ministerial Direction 15 (Section 117), it would comply 
in terms of development of floodprone land because it would represent an inconsistency of minor 
significance in terms of flood planning and flood risk management which is allowable under the Direction. 
 
 
 
 
 
MARK TOOKER 
Project Director 
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PLAN SHOWING VOLUME OF CUT IN RELATION TO DESIGN
OVER LOT 7 IN DP 1065574
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