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Introduction 

Northrop Consulting Engineers have prepared a Flood Assessment Report on behalf of Stevens 

Group Pty Ltd. and Transnational Pastural Pty Ltd for the proposed Rural Residential subdivision 

located at Old Mardi Farm in Mardi, NSW herein referred as “the subject site”. 

Two creeks exist on the subject site, an un-named creek, known as “Creek B” located across the 

southern portion of the site and Deep Creek across the northern portion of the subject site. 

This study has been prepared to review the existing flood extents across the subject site, review the 

flood impact of the proposed development and assess the compliance of the proposed development 

with Council’s flood related Development Controls.  

Included in this report is an outline of the modelling methodology, model parameters and assumptions 

used during the development of hydrologic and hydraulic models, and the results from the analysis. 

Legislation, Policies and Guidelines 

This assessment has been prepared with consideration to the following legislation, policies and 

guidelines. 

• Wyong Local Environmental Plan (WLEP 2013). 

• Wyong Development Control Plan 2013 (WDCP 2013) in particular Chapter 3.3 – Floodplain 

Management and Chapter 6.25 Mardi Rural Residential Development. 

• Central Coast Council Civil Works Specification – Design guidelines (2020). 

• Australian Rainfall and Runoff 2019 (AR&R 2019). 

• The Estimation of Probable Maximum Precipitation (PMP) in Australia: Generalised Short-

Duration Method (Bureau of Meteorology, 2003). 

• NSW Flood Prone Land Policy. 

• NSW Government Floodplain Development Manual (NSW Government, 2005). 

• Water Management Act 2000 (NSW Government, 2016). 

Relevant Reports and Documents 

This report has been prepared in conjunction with the following reports and documents: 

1. Detailed survey and LiDAR prepared by Everitt & Everitt Consulting Surveyors and dated 

November 2017. 

2. Detailed survey for Old Maitland Road prepared by ADW Johnson and dated the January 

2021. 

3. Civil Engineering Drawings prepared by Northrop Consulting Engineers – DA revision dated 

24th of March 2021 (ref NL172504). 

4. Engineering Design Report prepared by Northrop Consulting Engineers – DA revision dated 

24th of March 2021 (ref NL172504). 

5. The Proposed Concept Plan prepared by One Collective – DRG No: P0158.2_2021_02_25 

and dated 25th February 2021. 
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6. Proposed Re-zoning, “Old Farm”, Mardi Flooding and Drainage Issues – Final Report 

prepared by Paterson Consultants Pty. Ltd and dated February 2015, herein referred to as 

the Rezoning Study (Patterson Consultants, 2015). 

The flood information discussed herein has been prepared with consideration to the following study 

and model data provided by Central Coast Council, used under a licence agreement for this project: 

4. Wyong River Floodplain Risk Management Study and Plan, prepared by Catchment 

Simulation Solutions in 2018, herein referred to as the “Wyong River FRMS&P (CSSE, 

2018)”. 

Contained herein is a description of the subject site and proposed development, a summary of the 

modelling methodology and parameters and a discussion of the results. 
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Locality and Proposed Development 

Subject Site 

The proposed development is located approximately 3km west of the Wyong township, and is bound 

by Old Maitland Road to the east, Mardi Dam to the south, Ourimbah State Forest to the west and 

undeveloped rural properties to the north. The site has an area of approximately 223 hectares and 

has historically been used for agricultural and rural residential purposes. The subject site locality is 

presented in Figure 1 overleaf. 

The site is situated within the base of a valley aligned northeast to southwest, with adjacent ridges to 

the north, west and south. The subject site is subject to flooding through two mechanisms namely, the 

regional Wyong River catchment and the local catchment. 

The local catchment consists of Deep Creek, a third order watercourse and tributary of Wyong River 

which flows in a westerly direction across the subject site at the base of the valley. A secondary 

watercourse also traverses the subject site which joins Deep Creek at the north-eastern corner of the 

site, herein referred to as “Creek B”.  

Site vegetation is primarily characterised by grass, particularly across the base of the valley, while the 

toes of the ridges are covered by dense mature trees. Levels on site range from approximately 3.0m 

AHD at the north eastern corner to 30.0m AHD in the south eastern corner as well as the north 

western corner, and generally slope towards Old Maitland Road as well as toward Deep Creek. Along 

the base of the valley, the site slopes gently to the northeast with grades of less than approximately 

five percent. The portion of the site near the toes of the ridges have steeper slopes with grades 

between approximately 15 to 25 percent toward Deep Creek and Creek B. 

The Proposed Development 

The proposed development includes a rural residential subdivision consisting of approximately 246 

new lots. A variable lot size is proposed with 156 lots considered “Small Lots” having an area typically 

greater than 900m2 while, another 90 lots are referred to as “Large Lots” with an area in excess of 

1,800m2. 

Part of the subdivision works will involve the formalisation of Creek B with additional landscaping to 

provide greater amenity than currently exists. A 20m wide riparian corridor will generally be 

maintained each side of Creek B in accordance with NSW Government Natural Resources Access 

Regulator (NRAR) Guidelines for Controlled Activities on Waterfront Land (2018) 

Access to the site includes a main site entry road off Old Maitland Road, approximately 200m north of 

Collies Lane. A secondary emergency access is also available off Old Maitland Road approximately 

50m north of McPherson Road. 

Earthworks are proposed across the site to ensure flood immunity in the 1% AEP and to ensure lots 

remain developable. An internal pedestrian and vehicular road network are also proposed including a 

new round-about at the intersection of Birkdale Boulevard-Portrush Avenue. A new playground and 

recreational area are also proposed adjacent to Creek B and the main entrance. 

The majority of the proposed development drains towards Creek B where stormwater detention has 

not been proposed. An assessment on the timing of the flows between Creek B, Deep Creek and the 

catchment south of Yarramalong Road suggests that a decrease in peak flows is expected 

downstream of the subject site. This investigation is provided in the Discussion section of this report.  

A number of creek crossings are also proposed as part of the development including two across Deep 

Creek in the north-western portion of the site and one across the Creek B to the east.   
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Methodology 

This assessment has been undertaken through the following methodology: 

• Desktop review of available information including previous flood and drainage studies, terrain 

data, land use and surface roughness, hydraulic structures and the proposed development. 

• Site visit to review existing terrain, nearby stormwater infrastructure, land-use and surface 

roughness. 

• Development of an Existing and Developed case one-dimensional hydrologic and hydraulic 

model using XP-STORM software for the Local Catchment. The methodology outlined in the 

latest 2019 Australian Rainfall and Runoff guidelines (AR&R 2019) have been used for this 

study.  

• Analysis of the 20%, 10%, 5%, 1% AEP (Annual Exceedance Probability) and PMF (Probable 

Maximum Flood) design storm events to determine the Local Catchment critical storm events. 

• Conversion of the Local Catchment Existing and Developed case one-dimensional XP-

STORM models to a two-dimensional model using the TUFLOW hydrodynamic engine. Critical 

storm inflow hydrographs derived by the one-dimensional XP-STORM model were then run for 

both the existing and developed case scenarios.   

• Modification of the existing Wyong River FRMS&P (CSSE, 2018) TUFLOW model to include 

the updated study area inflow hydrographs and the proposed development. The 20%, 10%, 

5%, 1% AEP (Annual Exceedance Probability) and PMF design storm events have been 

considered for regional event flooding. 

• Comparison of the existing and developed case scenarios to review the impact of the 

proposed development on the existing case flood behaviour. 

A description of the modelling parameters and assumptions, presentation of the results and 

discussion with respect to compliance with Council’s Development Control Plan in particular, Part C – 

General Guidelines – Chapter 9: Development on Flood Prone Land are presented herein. 

Council Requirements 

This report has been prepared generally in accordance with Wyong Development Control Plan 2013 

(WDCP 2013) in particular Chapter 3.3 – Floodplain Management and Chapter 6.25 Mardi Rural 

Residential Development. The below Table 1 demonstrates how this report addresses the 

requirements outlined in Section 2.5 of Chapter 6.25 of the DCP. 
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Table 1 – Wyong Development Control Plan Chapter 6.25 – Section 2.5 Requirements 

Wyong DCP Chapter 6.25 Requirement Report Reference 

a) The provisions of Chapter 3.3 – Floodplain 

Management of this DCP apply. 

The provisions presented in Chapter 3.3 – 

Floodplain Management including a 

Performance Based Assessment has been 

prepared in the Discussion Section of this report. 

b) Any development proposal or subdivision 

application is to be supported by a 

performance-based assessment 

demonstrating that the proposed 

development is compatible with the flood 

characteristics of the site. 

The provisions presented in Chapter 3.3 – 

Floodplain Management including a 

Performance Based Assessment has been 

prepared in the Discussion Section of this report. 

c) Any proposed intersection with Old Maitland 

Road must be located above the applicable 

Flood Planning Level (FPL) to enable safe 

vehicle ingress/ egress and facilitate 

evacuation during flood events. 

Although the proposed main intersection with 

Old Maitland Road is located below the Flood 

Planning Level, an additional emergency 

evacuation intersection is proposed as part of 

the development which is located above the 

Probable Maximum Flood. 

d) In order to achieve (b), a detailed site-

specific overland flood study and flood 

impact assessment of any proposed 

development is required. The flood study 

and flood impact assessment must: 

a. Be based on recently acquired ground 

survey data acquired via traditional 

ground survey or GPS (less than 2 years 

from date of lodgement of a development 

application). 

b. Be produced from a two-dimensional (2D) 

flood model (such as TUFLOW, SOBEK 

or MIKE21). 

c. Assess various flood sizes, including at 

least 10% AEP, 1% AEP and PMF. 

d. Assess various flood durations to 

determine critical duration for flooding at 

various locations including longer 

duration flood events as part of the 

consideration of any retarding basins. 

e. Be prepared consistent with the most 

recent NSW Office of Environment & 

Heritage Consultant Flood Study Brief, 

the Floodplain Development Manual 

(2005) and related Guidelines, Australian 

Rainfall and Runoff (2001), and Council’s 

Civil Works Design Guidelines 

(specifically Part 10) unless directed 

otherwise by this Chapter or any other 

Chapter of DCP 2013. 

a. The detailed survey used as part of this 

assessment is outlined in Relevant Reports 

and Documents section of this report. 

b. Both a Local two-dimensional XP-STORM 

model (using TUFLOW) and the Wyong 

River FRMS&P (CSSE, 2018) TUFLOW 

model have been used as part of this 

investigation. 

c. Flood events considered as part of this 

study include the 20% AEP, 10% AEP, 5% 

AEP, 1% AEP, 1% AEP + Climate Change 

and PMF design storm events. 

d. Flood durations considered as part of this 

study range from the 30-minute to the 36-

hour storm durations. Critical durations are 

discussed in the Results Section of this 

report. 

e. This report and the modelling presented 

within have been prepared generally in 

accordance with all relevant guidelines, 

manuals, and plans. 

f. This report details: 

i. The model assumptions and 

parameters are summarised in the 

Hydrological and Hydraulic 

Parameters Sections of this report. 

ii. A comparison between the flows 

presented in the Rezoning Study 

(Patterson Consultants, 2015) as well 

as the Regional Flood Frequency 
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Wyong DCP Chapter 6.25 Requirement Report Reference 

f. Be inclusive of a written report with 

mapping, plans and figures detailing: 

i. All data, parameters, and any 

assumptions. 

ii. Hydrologic results from at least two 

methods, including sub-catchment 

layout, including contribution of the 

area from the farms south of 

Yarramalong Road, and peak flow 

comparisons at several locations. 

iii. Figures and tables (showing 

comparisons of results at several 

locations) of Flood extents, velocities, 

depths, and hazards for each sized 

flood, both for pre-development and 

post-development, and for the relative 

differences, both on the site and 

beyond. 

iv. Flood planning area (1% AEP + 0.5m 

freeboard) both pre-development and 

post development. 

v. All mapping to be also provided for 

Council’s ongoing use in GIS Shp file 

format for inclusion on Council’s GIS. 

g. Address the following for pre- and post-

development scenarios. 

i. Pre development: 

1. Evaluation of site conditions: 

natural water courses, constructed 

channels, soil type, groundwater, 

vegetation, stormwater quality. 

2. Assessment of flood hazard, 

access and evacuation, and 

consideration of constraints and 

opportunities for development. 

3. Discussion of the hydrology of the 

site: flow patterns, velocity 

distribution, sedimentation and 

erosion potential, flood storage 

areas, points of discharge from the 

site, including peak flows and 

discharge volumes. 

ii. Post Development: 

1. Evaluation of changes to site 

conditions: natural water courses, 

constructed channels, soil type, 

Estimation (RFFE) Tool are presented 

in the Results Section of this report.  

iii. Figures presenting the flood depth, 

elevation and hazard conditions during 

both the pre and post developed case 

scenarios are presented in Appendix 

A. 

iv. All developed lots are proposed to be 

located at or above the Flood Planning 

Level. 

v. Flood modelling files can be provided 

to Council upon request. 

g. Address the following for pre- and post-

development scenarios. 

i. Pre-Development: 

1. A site description is provided in the 

Locality and Proposed 

Development Section of this report. 

2.  A discussion with respect to the 

subject site flood behaviour, 

access and evacuation is 

presented in the Discussion section 

of this report. 

3. Existing case flow behaviour is 

summarised in the Results Section 

of this report. 

ii. Post Development 

1. The impact of the proposed 

development on the existing flow 

behaviour is presented in the 

Results Section of this report. 

2. The impact of the proposed 

development on the existing flow 

behaviour is presented in the 

Results Section of this report. A 

discussion with respect to the 

subject site flood hazard, access 

and evacuation is presented in the 

Discussion section of this report. 

3. The impact of the proposed 

development on the existing flow 

behaviour is presented in the 

Results Section of this report. 
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Wyong DCP Chapter 6.25 Requirement Report Reference 

groundwater, vegetation, 

stormwater quality. 

2. Assessment of changes to flood 

hazard, access & evacuation, and 

the compatibility of various types of 

development to the flood hazard at 

specific locations, including 

impacts at properties beyond the 

site. 

3. Discussion of changes to the 

hydrology of the site: flow patterns, 

velocity distribution, sedimentation 

and erosion potential, flood storage 

areas, points of discharge from the 

site, including peak flows and 

discharge volumes. 

e) Any development proposal or subdivision 

must include: 

i. An Integrated Stormwater Management 

Strategy applying to the entirety of the 

site. The strategy must include 

detention and retention facilities 

providing for water reuse/ harvesting 

while ensuring water quality targets are 

met and contained within the 

development site, in accordance with 

Council’s Civil Works Design Guideline 

and Australian Runoff Quality: A Guide 

to Water Sensitive Urban Design. 

ii. Identification of relevant objectives 

(including but not limited to water 

quality, public safety, serviceability and 

biodiversity preservation) and 

demonstration through modelling results 

using Council’s MUSIC link as to how 

these objectives have been satisfied. 

iii. Concept plans and associated 

calculations for any proposed: 

1. Alterations to existing watercourse 

(demonstrate a suitable sizing, 

predominantly low hazard, low 

erosion potential, appropriately 

shaded and vegetated, including 

details of adjacent riparian zones). 

2. Riparian zones (whether modified or 

constructed, including widths). 

3.  Water quality control measures 

(gross pollutants and sediments, 

i. A review of the site conditions without 

stormwater detention has been 

performed and it was concluded that a 

decrease in peak flows and flood depth 

is observed downstream due to the 

timing for runoff from the proposed 

development, Deep Creek and 

Yarramalong Road. Water quality 

including rainwater harvesting has been 

discussed in the Engineering Design 

Report prepared by Northrop. 

ii. MUSIC and Water Quality modelling has 

been performed and is detailed in the 

Engineering Design Report prepared by 

Northrop. 

iii. Concept Plans and Associated 

calculations for any proposed 

1. Hazard conditions for the proposed 

watercourse are presented in the 

flood figures shown in Appendix A. 

2. Details for the constructed 

watercourse for Creek B are 

provided in the Engineering Design 

Report and Drawings prepared by 

Northrop. 

3. Water quality control measures and 

the treatment targets are detailed in 

the Engineering Design Report 

prepared by Northrop. 

4. Concept details for the stormwater 

network are provided in the 

Engineering Design Report prepared 
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Wyong DCP Chapter 6.25 Requirement Report Reference 

nutrients) to achieve Council’s Civil 

Specifications and Australian Runoff 

Quality: A Guide to Water Sensitive 

Urban Design stormwater treatment 

objectives and targets. 

4. Concept details and sizing of 

stormwater piped systems, pits, road 

crossings/ culverts, detention basins, 

overland flow paths. 

5. Earthworks (cut and fill plan). 

6. Other infrastructure (roads, 

footpaths, building footprints, water, 

sewer, telecommunications, public 

buildings and community facilities). 

7. Access and evacuation routes (for 

pedestrians and vehicles) from the 

site to flood free ground. 

8. Sedimentation and erosion control 

9. Landscaping plan. 

10. Vegetation management plan. 

11. Details of the proposed staging and 

sequencing of any supporting 

infrastructure works. 

12. Maintenance Management Plan for 

all asset components including 

maintenance access, procedures, 

frequency, safety issues, equipment 

required, and whole-of-life cost 

estimates. 

by Northrop. Additional details for the 

trunk network are presented and 

discussed in the Hydraulic Model 

Parameters section of this report. 

5. Earthworks and a cut/fill balance is 

presented in the Engineering design 

report prepared by Northrop. 

6. Utilities including sewer and potable 

water are presented in the Sewer 

and Water servicing strategy 

prepared by Northrop. Road cross 

sections including footpaths are 

presented in the Engineering Design 

Report and Drawings prepared by 

Northrop. 

7. Access and evacuation routes are 

discussed in the Flood Emergency 

Management section of this report. 

8. Sediment and erosion control has 

been considered as part of the 

Engineering Design Report and 

drawings prepared by Northrop. 

9. Landscaping plans have been 

prepared by others. 

10. A Vegetation Management Plan has 

been prepared by others. 

11. Construction staging has been 

discussed in the Engineering Design 

Report prepared by Northrop. 

12. A Maintenance Management Plan 

can be prepared at Construction 

Certificate Phase.  

f) Any application for subdivision must 

provide for at minimum, one (1) riparian 

corridor within the central portion of the R5 

zone within the subject site. The corridor 

must retained under the ownership of the 

Community Association and designed and 

managed in a manner which is consistent 

with the NSW Office of Water ‘Guidelines 

for Riparian Corridors on Waterfront Land’ 

and the NSW Rural Fire Service ‘Planning 

for Bushfire Protection, 2006’ 

Creek B has been classified as a second order 

creek. As such, an allowance for riparian 

corridors has been made.  

Ownership of the drainage corridor is considered 

by others.  
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Wyong DCP Chapter 6.25 Requirement Report Reference 

g) A primary flow channel of a sufficient width 

for the conveyance and containment of 

storm and/or flood waters during the 1% 

AEP, sized in accordance to meet the 

minimum depth and velocity specifications of 

Part 10 of Council’s Civil Works Design 

Guidelines, including freeboard. 

The results presented in Appendix A show flows 

through Creek B are contained within the 

watercourse with an allowance for 500mm 

freeboard made for the adjacent residential lots. 

h) The total width of the flow channel is to be 

validated by the outcomes of the flood 

study and flood impact assessment which 

addresses the relevant requirements of 

Wyong Local Environmental Plan and DCP 

2013 Chapter 3.3 Floodplain Management. 

The results presented in Appendix A show flows 

through Creek B are contained within the 

watercourse with an allowance for 500mm 

freeboard made for the adjacent residential lots. 

i) Encroachment into any riparian corridor, 

inclusive of riparian buffers, by urban 

development is unlikely to be supported. 

Creek B has been defined as a second order 

creek while Deep Creek is a third order. For the 

proposed creek, riparian corridors have been 

defined in accordance with the NRAR 

Guidelines for Controlled Activities on Waterfront 

Land - Riparian Corridors (2018).  

j) Any proposed detention basins may 

incorporate pollution retention systems 

provided it is demonstrated that the basin 

is sized appropriately and achieves the 

minimum pollutant reduction targets of 

generated stormwater discharges in 

accordance with Council’s Civil Design 

Specifications and Australian Runoff 

Quality: A Guide to Water Sensitive Urban 

Design. 

A review of the site conditions without 

stormwater detention has been performed and it 

was concluded that a decrease in peak flows 

and flood depth is observed downstream due to 

the timing for runoff from the proposed 

development, Deep Creek and the farms south 

of Yarramalong Road. Water quality including 

rainwater harvesting has been discussed in the 

Engineering Design Report prepared by 

Northrop. 

k) Any subsequent Development Application 

for the site which proposes a variation from 

a previous subdivision of the site which has 

obtained Development Consent must 

provide updated modelling, assessments 

and plans consistent with the above 

requirements. 

Updated modelling for the proposed 

development is presented and discussed herein. 

 

 



 

NL193270 / 24 March 2021 / Revision A Page 14 of 40 
 

Hydrological Model Parameters 

The hydrological model has been developed in XP-STORM using Laurenson Hydrology. As per the 

latest advice provided in ARR 2019, the hydrological model was used to determine the critical event 

with flows derived using XP-STORM also imported into the two-dimensional TUFLOW model.  

As per the latest Australian Rainfall and Runoff Guidelines (ARR 2019); initial loss, continuing loss, 

pre-burst rainfall and storm burst portions of the design storm events have been considered as part of 

this study as shown in the below Figure 2. 

 

Figure 2 - Conceptual Design Storm Pattern (ARR 2019 Figure 9.6.4) 

The input data for the Laurenson Hydrological model used in this study includes sub-catchment data, 

design rainfall, temporal patterns, pre-burst rainfall (ARR 2019 only) and the initial and continuing 

losses. Parameters adopted in the models are discussed below. 

Sub-Catchment Data 

Sub-catchments have been digitised using a combination of detailed survey, LiDAR, aerial imagery, 

observations made on-site and cadastral data. Figures A1 and A2 of Appendix A present the pre-

developed and post-developed sub-catchments considered as part of the study while, the below 

Table 2 and Table 3 present the sub-catchment properties.  

Catchment slope has been determined individually for each sub-catchment, while impervious 

percentages have been estimated from review of aerial imagery. The existing case catchments were 

then modified to include the proposed development. Developed case impervious percentages are 

based on Section 10.4.3.2 of Council’s Civil Works Specification – Design guideline with a typical 80% 

impervious percentage applied for Residential Lot Subdivisions. 

Hydrological roughness was based on the hydraulic roughness used in the Wyong River FRMS&P 

(CSSE, 2018) then reduced as required in order to calibrate peak flows at the subject site outlet. 

It is noted that the catchments considered as part of this assessment extend up to the farms located 

to the south of Yarramalong Road as required by Chapter 6.25 – Section 2.5 of the Wyong 

Development Control Plan.   
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Table 2 - Existing Case Sub-Catchment Properties (Refer to Figure A1) 

Catchment 

Reference 
Area (ha) Impervious (%) Slope (%) Roughness 

C01 95.92 0.0 12.9 Pervious = 0.060 

C02 20.27 0.0 14.5 Pervious = 0.060 

C03 5.57 0.0 16.3 Pervious = 0.060 

C04 40.15 0.0 10.7 Pervious = 0.050 

C05 29.72 0.0 17.2 Pervious = 0.050 

C06 11.61 0.0 12.4 Pervious = 0.040 

C07 28.86 0.0 9.3 Pervious = 0.050 

C08 12.51 0.0 7.6 Pervious = 0.040 

C09 6.05 0.0 1.5 Pervious = 0.040 

C10 90.96 0.0 13.3 Pervious = 0.060 

C11 49.0 0.0 10.7 Pervious = 0.060 

C12 17.10 0.0 5.3 Pervious = 0.040 

C13 35.26 0.0 8.8 Pervious = 0.040 

C14 130.01 0.0 0.5 Pervious = 0.040 

C15 17.05 0.0 7.9 Pervious = 0.050 

C16 150.99 0.0 0.7 Pervious = 0.050 

 

Table 3 - Developed Case Sub-Catchment Properties (Refer to Figure A2) 

Catchment 

Reference 
Area (ha) Impervious (%) Slope (%) Roughness 

C01 95.92 0.0 12.9 Pervious = 0.060 

C02 13.24 0.0 15.0 Pervious = 0.060 

C03 6.87 0.0 18.5 Pervious = 0.060 

C04 5.64 0.0 16.3 Pervious = 0.060 

C05 
15.87 80.0 1.7 Impervious = 0.015 

Pervious = 0.035 

C06 21.99 0.0 20.0 Pervious = 0.060 

C07 
5.09 80.0 3.4 Impervious = 0.015 

Pervious = 0.035 

C08 0.72 0.0 0.5 Pervious = 0.050 

C09 
1.68 80.0 0.9 Impervious = 0.015 

Pervious = 0.035 



 

NL193270 / 24 March 2021 / Revision A Page 16 of 40 
 

Catchment 

Reference 
Area (ha) Impervious (%) Slope (%) Roughness 

C10 2.53 0.0 22.8 Pervious = 0.060 

C11 
4.06 5.0 7.2 Impervious = 0.015 

Pervious = 0.070 

C12 3.31 0.0 20.4 Pervious = 0.060 

C13 
2.84 80.0 7.0 Impervious = 0.015 

Pervious = 0.035 

C14 1.93 0.0 0.8 Pervious = 0.050 

C15 
5.06 80.0 0.8 Impervious = 0.015 

Pervious = 0.035 

C16 
5.85 80.0 7.0 Impervious = 0.015 

Pervious = 0.035 

C17 1.55 0.0 1.0 Pervious = 0.050 

C18 4.25 80.0 0.5 
Impervious = 0.015 

Pervious = 0.035 

C19 1.55 0.0 1.4 Pervious = 0.050 

C20 0.40 80.0 1.5 
Impervious = 0.015 

Pervious = 0.040 

C21 10.96 0.0 22.4 Pervious = 0.060 

C22 10.59 0.0 23.9 Pervious = 0.060 

C23 4.31 80.0 2.4 
Impervious = 0.015 

Pervious = 0.035 

C24 0.99 5.0 0.5 
Impervious = 0.015 

Pervious = 0.050 

C25 23.87 0.0 9.3 Pervious = 0.050 

C26 90.96 0.0 13.3 Pervious = 0.060 

C27 49.0 0.0 10.7 Pervious = 0.060 

C28 35.26 0.0 8.8 Pervious = 0.040 

C29 17.10 0.0 5.3 Pervious = 0.040 

C30 130.01 0.0 0.5 Pervious = 0.040 

C31 16.67 0.0 7.9 Pervious = 0.050 

C32 150.99 0.0 0.7 Pervious = 0.050 
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Storm Burst Rainfall Data 

Rainfall Intensity-Frequency–Duration (IFD) depths for both ARR 2019 have been obtained from the 

Bureau of Meteorology (BOM) for a location over the subject site.  

The “East-Coast South” region temporal patterns for the 20%, 10%, 5% and 1% AEP design storm 

events have been adopted for the ARR 2019 hydrology. Areal Reduction Factors have not been 

considered as part of this study.  

The Generalised Short Duration Method (GSDM) and procedures outlined in the Publication “The 

Estimation of Probable Maximum Precipitation in Australia: Generalised Short Duration Method” 

(BOM, 2003) were used to develop design storm depths and patterns for the Probable Maximum 

Flood (PMF).  

Climate change has also been considered as part of this assessment with the Interim Climate Change 

Factors provided by the ARR Data Hub considered. The worst-case scenario has been reviewed with 

the year 2090 and Representative Concentration Pathway (RCP) 8.5 suggesting an increased rainfall 

depth of 19.7% for the subject site. 

The following Table 4 presents the Intensity-Frequency-Duration (IFD) rainfall depths used for the 

study. 

Table 4 - Rainfall Intensity-Frequency-Duration Depths 

Duration 
20% AEP 

(mm) 

10% AEP 

(mm) 

5% AEP 

(mm) 

1% AEP 

(mm) 

1% AEP + 

CC (mm) 
PMF (mm) 

30-min 33.5 41.3 49.7 72.5 N/A 230 

45-min 39.7 48.9 58.9 85.9 102.8 290 

1-hour 44.3 54.7 65.9 96.1 115.0 340 

1.5-hour 51.6 63.6 76.5 111 132.9 410 

2-hour 57.4 70.6 84.9 123 147.2 470 

2.5-hour N/A N/A N/A N/A N/A 510 

3-hour 66.6 81.8 98 141.0 168.8 550 

4-hour N/A N/A N/A N/A N/A N/A 

4.5-hour 77.6 94.9 113 163 N/A N/A 

5-hour N/A N/A N/A N/A N/A N/A 

6-hour 86.7 106 126 180 N/A N/A 

9-hour 102 124 147 208 N/A N/A 

12-hour 114 139 164 232 N/A N/A 

18-hour 135 163 193 272 N/A N/A 

24-hour 151 184 217 304 N/A 980 

36-hour 177 215 255 355 N/A N/A 
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Losses and Roughness 

Following concerns from the industry that the nationally derived storm losses and pre-burst data were 

resulting in bias towards under-estimating flows, the NSW Office of Environment and Heritage (OEH) 

commissioned a review of the storm losses and pre-burst depths for catchments over NSW. As a 

result, a new Hierarchical approach for storm losses has been developed and can be obtained from 

the ARR 2019 data hub.  

The NSW Flood Frequency Analysis (FFA) reconciled losses approach has been adopted for this 

study with the reporting location of Gracemere located approximately 3km upstream of the subject 

site. The FFA reconciled losses were extracted from the ARR Data Hub for this location and are 

presented in the below Figure 3. 

 

Figure 3 - FFA-Reconciled Losses (ARR Data Hub - Gracemere) 

Storm losses provided by the ARR Data Hub are intended for Rural catchments only and as such 

have been reduced for the urban areas as summarised in the below Table 5.  

Table 5 - Initial and Continuing Losses 

Landuse Initial Loss (mm) Continuing Loss (mm/hr) 

NSW FFA-reconciled Rural Losses 

(Gracemere - 211009) 
50.0 3.92 

Pervious (Rural) 50.0 3.92 

Impervious (Rural) 1.5 0.0 

Pervious (Urban) 30.0 3.92 

Impervious (Urban) 1.5 0.0 
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The latest ARR 2019 guidelines have introduced an updated philosophy with respect to modelling 

urban impervious areas with consideration to Directly Connected and In-Directly Connected 

Impervious Areas (DCIA & ICIA). Recommendations presented in ARR 2019 suggests that ICIA areas 

are to consider a reduction factor in the order of 60-80% to represent the potential for additional 

losses as ICIA areas pass across pervious surfaces. As such, a 60% reduction factor has been 

applied to the Urban Pervious portions of the catchment to remain conservative.  

The latest ARR 2019 guidelines also recommend an Effective Impervious Area/Total Impervious Area 

(EIA/TIA) scaling ratio of 50%-70%. This methodology has not been considered in this study to 

remain consistent with Council’s Civil Works Specification and design guideline. 

During the PMF, initial losses have been reduced to zero, conservatively assuming fully wet 

antecedent conditions prior to the occurrence of a PMF.  

Pre-Burst Rainfall 

The latest NSW-Specific Transformational pre-burst rainfall depths provided by the AR&R Data Hub 

have been utilised in this study. The Transformational pre-burst depths presented in Table 6 below 

have been added to the design rainfall events and distributed evenly over six timesteps prior to the 

burst of the design storm events.  

As recommended by the latest ARR 2019 guidelines, the 60-minute pre-burst depths have been used 

for storm durations that are less than 60 minutes. 

Table 6 - Transformational Pre-Burst Rainfall Depths (ARR Data Hub) 

Duration 20% AEP (mm) 10% AEP (mm) 5% AEP (mm) 1% AEP (mm) 

1-hour 32.9 33.9 33.2 31.9 

1.5-hour 31.3 32 30.5 34.2 

2-hour 31.7 32.3 31.3 35.2 

3-hour 31.4 31.9 31.4 38.6 

6-hour 31.9 32.5 34.5 41.1 

12-hour 25.8 27.2 29.5 40.4 

18-hour 24.4 25.2 26.9 39.8 

24-hour 19.8 21.4 24.1 38.1 

 

The NSW-Specific Transformational pre-burst rainfall depths have been used in combination with the 

FFA-reconciled losses. This results in rainfall excess being applied to the model as outlined below.  

The ARR Data Hub provides NSW-Specific Transformational pre-burst rainfall which in XP-STORM, is 

added to each storm event over several timesteps prior to the burst. Resultant burst rainfall losses are 

then determined by the difference between the Transformational pre-burst rainfall and the Storm 

Losses presented in Table 5 above. This calculation is summarised below. 

Burst Initial Loss = Storm Initial Loss (Table 5) - NSW Specific Transformational Pre-burst 

Rainfall (Table 6) 

This is the same procedure used when considering the NSW Probability Neutral Burst Initial Losses 

with the exception of the use of the FFA reconciled losses in this case. 
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Hydraulic Model Parameters 

Two-Dimensional Grid Extent and Size 

For the site-specific local catchment model, the two-dimensional grid extent is presented in Figures 

A3 and A4 of Appendix A and extends approximately 1km downstream of Old Maitland Road and 

approximately 500m upstream of the proposed development. A 3m grid size has been adopted for the 

Local Catchment two-dimensional model. This was shown to appropriately represent flows through 

Deep Creek and Creek B while, also balancing model run time. A corresponding minimum timestep of 

1 second was also adopted. 

The Classic CPU TUFLOW solver has been used for the XP-STORM two-dimensional model while, 

the Wyong River FRMS&P (CSSE, 2018) TUFLOW model was converted to the HPC GPU TUFLOW 

solver for Flood Impact Assessment purposes.  

Terrain 

The attached Figures A1 and A2 present the existing and developed case terrain respectively. 

Detailed survey of the subject site and Old Maitland Road has been included in the model terrain 

while, LiDAR elevation data (captured in September 2014) was used for the remaining areas not 

covered by the detail survey. 

For the developed case model, a design surface was prepared using 12d design software and 

imported into the Local Catchment XP-STORM and Regional Wyong River FRMS&P (CSSE, 2018) 

TUFLOW flood models. Further to the above data sources, manual terrain modifications were 

incorporated into the developed case model to represent minor creek modifications at culvert 

crossings and observations made during the site investigation. 

Catchment Roughness and Building Representation 

The attached Figures A3 and A4 of Appendix A presents the land use across the subject site and 

vicinity while, the below Table 7 presents the catchment roughness adopted for each land use. These 

values are based on the Wyong River FRMS&P (CSSE, 2018) hydraulic roughness as well as aerial 

imagery and observations made during a site investigation.  

Table 7 - Modelled Hydraulic Roughness Parameters (Refer to Figures A3 and A4) 

Land use Type Roughness (Manning’s) 

Road Reserves 0.030 

Forest 0.200 

Water Bodies  0.030 

Site Creek 0.030 

Pasture Grass 0.040 

Buildings 1.000 

Channels 0.040 

Developed Channel 0.080 

Maintained Grass 0.035 

Developed Lots 0.300 

Developed Road Reserves 0.025 
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Boundary Conditions 

Inflows 

For the Local Catchment model, inflows have been modelled in XP-STORM and applied directly to 

the two-dimensional TUFLOW grid. These inflows have been linked directly to the existing and 

developed case TUFLOW grid via the inflow nodes presented in Figures A3 and A4.  

Inflows boundaries (i.e. SA inflows) for the Wyong River FRMS&P (CSSE, 2018) were modified to 

include the inflows derived by the Local Catchment model. Only the catchments overlaying the 

subject site and vicinity were modified. These are presented in Figures A1 and A2 of Appendix A. 

Inflows both upstream and downstream in the Wyong River FRMS&P (CSSE, 2018) TUFLOW model 

remain un-changed. Catchment C16 (existing – Figure A1) / C32 (developed – Figure A2) were added 

to the Local Catchment model to ensure the catchment extents in the Regional Wyong River 

FRMS&P (CSSE, 2018) TUFLOW model remain largely unchanged. 

Outflows 

Given the difference between the durations for the local and regional flood events, a free outfall 

tailwater condition has been adopted for the Local Catchment model. This is considered conservative 

when reviewing the impact of the proposed development during the Local Catchment flood event.  

For the Regional Wyong River FRMS&P (CSSE, 2018) outfall tailwater conditions at Tuggerah Lake 

remain un-changed to what was provided in the model files. 

Stormwater Infrastructure 

Figures A3 and A4 of Appendix A presents the modelled existing and developed case stormwater 

infrastructure across the subject site and general vicinity. The modelled stormwater network was 

based on detailed survey, observations made during a site visit and LiDAR elevation data. The below 

Table 8 provides a summary of the modelled stormwater network across the subject site and general 

vicinity (refer to Figures A3 and A4 for locations).  

Table 8 – Hydraulic Structures 

Structure Reference 

(See Figures A3 and A4) 
Details Design Blockage 

Old Maitland Road 
Culvert 

3 x 0.9m High by 3.0m Wide RCBC 10% 

Crossing 1 (Developed) 6 x 1.2m High by 2.7m Wide RCBC 25% 

Crossing 2 (Developed) 10 x 0.9m High by 2.7m Wide RCBC 50% 

Crossing 3 (Developed) 8 x 1.5m High by 3.0m Wide RCBC 25% 

Culvert (Developed) 2 x 0.75m Diameter RCP 50% 

 

A minimum freeboard allowance on of 600mm has been applied at the upstream end of the 

developed case culvert crossings as per the requirements set out in the Central Coast Council Civil 

Works Specification (Design Guideline 2000). 

Design blockage is based on the latest ARR 2019 guidelines as recommended by the Central Coast 

Council Civil Works Specification (Design Guideline, 2000). The blockage factor for Crossing 3 has 

been halved with consideration to the effect of multiple on-line structures. It is likely large debris 

derived by the upstream un-developed Deep Creek catchment will be blocked by Crossing 2 prior to 

reaching Crossing 3.   
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It is noted that the proposed stormwater infrastructure presented in Table 8 above is considered 

concept level only. Further analysis is expected at detailed design stage with the potential for 

alternative structures such as bridges or an alternative culvert arrangement following review by 

relevant authorities.  

Noting that alternative design requirements apply for bridges, the guidance provided by the Central 

Coast Council Civil Works Specification (Design Guideline 2000) should be reviewed if updating these 

crossings at detailed design.  
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Results 

Critical Duration 

Local Catchment  

A minimum of the top three critical durations observed in the one-dimensional pre- and post-

developed XP-STORM model across the subject site have been passed into the two-dimensional 

model. All ten temporal patterns for each duration have been passed to the two-dimensional XP-

STORM model. The median pattern for each storm duration was calculated with the duration 

producing the highest median value classified as the critical event as recommended in the latest ARR 

2019 guidelines.  

The below Table 9 presents the critical duration ensembles passed into the two-dimensional 

TUFLOW model for each return interval for both the existing and developed case models. 

Table 9 – Two-dimensional model duration ensembles (Existing and Developed) 

Design Storm 

Event 

Duration One Duration Two Duration Three Duration Four 

20% AEP 60min 120min 180min N/A 

10% AEP 60min 120min 180min N/A 

5% AEP 60min 120min 180min N/A 

1% AEP 45min 60min 120min 180min 

 

During PMF, all durations ranging from the 30-minute to the three-hour design storm duration were 

passed to the two-dimensional model. The duration that produced the maximum flood level for the 

PMF was considered the critical event.  

Regional Catchment 

The updated inflows for the regional Wyong River FRMS&P (CSSE, 2018) TUFLOW model were 

based on the duration and temporal pattern (TP) that produced the maximum median result for both 

the existing and developed case scenarios directly downstream of Old Maitland Road. The events 

passed from the one-dimensional model to the Wyong River FRMS&P (CSSE, 2018) TUFLOW model 

are summarised in Table 10 below.   

Table 10 - Wyong River FRMS&P (CSSE, 2018) TUFLOW model critical events 

Design Storm 
Event 1 

(Existing Case Critical) 

Event 2 

(Developed Case Critical) 

20% AEP 36hr TP9 36hr TP9 

10% AEP 36hr TP10 36hr TP7 

5% AEP 36hr TP10 36hr TP7 

1% AEP  36hr TP10 36hr TP10 

PMF 24hr 24hr 
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Where a different critical temporal pattern was observed between the pre and post developed 

scenarios, both events were run and enveloped for the purposes of the Flood Impact Assessment.  

Calibration Peak Flow Comparison 

With a total catchment area in excess of 50Ha, a comparison between peak flows derived from this 

study and those presented in the Re-Zoning Report (Paterson Consulting, 2015) have been prepared 

herein. This is based on the requirement to review more than one hydrological model as discussed in 

the Central Coast Civil Specification (Design Guidelines) and the Wyong DCP Chapter 6.25.  

Presented in Table 11 below is a comparison between the peak flows observed in the one-

dimensional XP-STORM prepared as part of this study and the results presented in Table 1 of the Re-

Zoning Report (Paterson Consulting, 2015). A comparison with the Regional Flood Frequency 

Estimation Tool has also been presented in the following Table 11. 

Table 11 – Calibration Peak Flow Comparison (1% AEP) 

Design Storm Event 

Northrop 1D 

Existing Case (2021) 

(Min/Median/Max) 

Re-Zoning Report 

(Paterson 

Consulting, 2015) 

RFFE Tool 

Lower / Discharge / 

Upper Confidence 

Limits 

Deep Creek 

(m3/s) 
9.1 / 33.0 / 39.7 38 20.0 / 45.9 / 106  

Creek B 

(m3/s) 
7.6 / 26.8 / 32.0 26 13.1 / 29.9 / 68.9 

Deep Creek and Creek B 

Combined  

(m3/s) 

11.5 / 51.4 / 62.7 66 26.5 / 60.9 / 140 

Old Maitland Road  

(m3/s) 
61.9 / 85.5 / 99.5 - 51 / 117 / 270 

 

It is noted that the peak flow obtained from this study is similar but generally lower than that of the 

Rezoning Report (Paterson Consulting, 2015). Calibration parameters such as the hydrological 

roughness were lowered to a value that was considered reasonable (see Table 2) in order to achieve 

a similar peak flow to what was presented in the Rezoning Report (Paterson Consulting, 2015).  

The difference in the results is expected to be due to a combination in the difference in the AR&R 

guidelines (i.e. ARR 2019 adopted for this study, while ARR 1987 was used for the Rezoning Study) 

as well as additional catchment storage considered in the XP-STORM hydraulic links. 

Peak flows obtained from this study are lower than the discharge flows derived by the RFFE tool 

however fall within the confidence limits. 

Existing Flood Behaviour 

The existing case flood depth and elevation figures for the 20%, 10%, 5%, 1% AEP and PMF design 

storm events are presented in Figures C1, C2, C3 C4 and C5 of Appendix A respectively. Flood 

depths and elevation contours for the local catchment flood event are presented in Figures C1-C5 

while, an outline of the flood extent from the regional Wyong River flood event is also shown. 
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A summary of the peak flood depths during the regional Wyong River flood event are presented in 

Table 12 shown overleaf. The flood depth at the Old Maitland Road Sag have also been provided to 

provide perspective on the relative flood depth associated with each return interval in the vicinity of 

the subject site. Depths at Old Maitland Road are based on a minimum road level of 4.36m AHD 

which has been extracted from the detailed survey for Old Maitland Road prepared by ADW Johnson. 

Table 12 - Wyong River Flood Levels - Wyong FRMS&P (CSSE, 2015) 

Design Storm 
Flood Level  

(m AHD) 

Old Maitland Road Sag 

Depth (m) 

20% AEP 5.68 1.32 

10% AEP 6.55 2.19 

5% AEP 6.98 2.62 

1% AEP  7.63 3.27 

1% AEP + Climate Change (2050) 7.87 3.51 

1% AEP + Climate Change (2100) 8.09 3.73 

PMF 9.87 5.51 

 

Flows derived from the local upstream Deep Creek catchment enter the subject site from the west 

and continue through the site via the incised creek banks. Under existing conditions, Deep Creek is 

observed to break its banks just downstream of Crossing 3 during all return intervals considered. 

Overland flow then fans out and continues in a north-easterly direction towards Old Maitland Road. 

During less frequent events namely, the 5% and 1% AEP, Deep Creek is observed to connect with 

Creek B with flows shown spilling from Deep Creek and towards Creek B in the western portion of the 

subject site as well as just downstream of Crossing 3. 

Flows that enter Creek B are largely derived from the southern portion of the subject site including the 

hillside adjacent to Mardi Dam. Flows in Creek B begin in the south-western portion of the subject site 

and continue in a north-easterly direction towards Old Maitland Road.  

Flows from Creek B, Deep Creek and an overland flow path entering from the north (derived from the 

farmlands south of Yarramalong Road) combine just upstream of Old Maitland Road where a 

relatively large flood storage zone is observed. Downstream of the storage zone, flows are observed 

to overtop Old Maitland Road during events as frequent as the 20% AEP (during both local and 

regional events) and continue through Deep Creek, passing through a number of rural residential 

properties before connecting into Wyong River, downstream of the Pacific Motorway.  

During the regional Wyong River flood event, flows are derived from the upper reaches of Wyong 

River with flood water expected to enter the subject site initially from the farmlands south of 

Yarramalong Road before backing up and also entering the subject site through the culverts beneath 

Old Maitland Road.  

As presented in the above Table 12, flood depths during the regional Wyong River flood event are 

expected to be high with access and egress to and from the subject site expected to be impossible 

from the northern side of Old Maitland Road. During events up to and including the PMF, access and 

egress to and from the subject site is available through the emergency access road in the south-

eastern portion of the subject site. If required evacuation from the subject site is possible to the south 

along Old Maitland Road. 

Due to the short duration critical events defined for the Local catchment flood event, flooding is 

expected to occur relatively rapidly with little warning time expected.  
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With a critical duration of 36 hours for the 20% to 1% AEP and 24 hours for the PMF, flooding from 

the regional Wyong River catchment is expected to occur over a prolonged period with ample warning 

time expected.  

Developed Flood Behaviour 

Developed case flood depth and elevation contours during the 20%, 10%, 5%, 1% AEP and PMF are 

presented in Figures D1, D2, D3, D4, D6 and D8 of Appendix A.  

Developed case flood hazard categories across the subject site and vicinity during the 1% AEP and 

PMF design storm events are presented in Figures D5, D7 and D9 of Appendix A. Flood hazard is 

based on the categories presented in the latest ARR 2019 guidelines. The ARR 2019 hazard 

categories are presented in the below Figure 4. 

 

Figure 4 - Flood Hazard Categories (ARR 2019) 

Flow behaviour during the developed case is similar to that of the existing case with some minor 

modifications required for the proposed development. Flows through Deep Creek, located along the 

northern portion of the subject site continue in a north-easterly direction and pass beneath creek 

Crossings 2 and 3. Ten 0.9m high by 2.7m wide Reinforced Concrete Box Culverts (RCBC) are 

proposed for Crossing 2 proposed while, eight 1.5m High by 3.0m wide RCBC are proposed for 

Crossing 3 (refer to Figure A4 of Appendix A). It is anticipated the design of these culvert crossings 

will be fine-tuned at Construction Certificate stage however, they have been designed with 

consideration to inlet and outlet losses, 600mm freeboard to the Road Sag during the 1% AEP as well 

as blockage in accordance with the Central Coast Council Civil Works Specification. Downstream of 

creek Crossings 2 and 3, flows continue towards Old Maitland Road. 
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The capacity of Creek B has been increased to ensure freeboard is available to the adjacent 

residential lots.  Flows through Creek B continue in a north-easterly direction towards Old Maitland 

Road as per the existing case. Crossing 1 (refer to Figure A4 of Appendix A) is proposed across 

Creek B which consists of six 1.2m High by 2.7m Wide RCBCs.  

In the upper reaches of Creek B, spill from Deep Creek, that entered Creek B in the south-western 

portion of the subject site during the existing case has been managed through the introduction of dual 

750mm Reinforced Concrete Pipes (RCP). These pipes run beneath the proposed road reserve and 

connect to Creek B, downstream of the proposed bio-retention basin.  

Flows derived from the southern portion of the subject site are expected to be directed through the 

proposed development and re-connect with Creek B through a combination of the below ground 

network and road carriageways. Details for this network are to be presented in the Engineering 

Design Report prepared by Northrop. Additional information is expected to be provided at 

Construction Certificate Stage. 

Development Impact 

Local Catchment  

Figures E1 to E4 of Appendix A presents the flood impact of the proposed development for the local 

catchment during the 20%, 10%, 5%, 1% AEP design storm events respectively.  

During the local flood event, decreases in flood depth in the order of 15-63mm are observed 

downstream of the Old Maitland Road for all return intervals ranging from the 20% AEP to the 1% 

AEP. With the absence of stormwater detention, these decreases are attributed to the timing between 

the developed runoff discharging through Creek B and flows derived by the catchments of Deep 

Creek and the farms south of Yarramalong.  

Figure E4 of Appendix A shows an increase of up to 60mm in the property adjacent to the northern 

boundary of the subject site during the 1% AEP design storm event. This is expected to be the result 

of a minor loss in flood storage caused by the development along the northern portion of the subject 

site. This area is zoned E2 and does not extend towards any existing residential dwellings. As a 

result, this increase is not considered to create a significant adverse impact. 

Regional Wyong River Catchment 

Figures E5 to E9 of Appendix A presents the flood impact of the proposed development for the 

regional Wyong River catchment during the 20%, 10%, 5%, 1% AEP and PMF design storm events 

respectively.  

During events up to and including the 1% AEP, minor changes in flood elevations are observed 

adjacent to the subject site and downstream within the Wyong River catchment. This is expected to 

be due to a minor encroachment and fill for the development into the regional flood extent as well as a 

slight change in the runoff regime from the subject site due to the proposed development. Increases 

are generally less than 15mm with the exception of 33mm during the 20% AEP. Due to the localised 

nature and relatively low magnitude, these increases are considered minor and are not expected to 

create a significant adverse impact. 

During the PMF, Figure E9 shows an increase in the order of 21mm in the property to the north of the 

subject site and a decrease of up to 13mm in the properties to the east. As previously discussed, the 

increase in the northern property is not considered significant due to the magnitude of the event, the 

magnitude of the increase and the zoning of the property as E2.  
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Climate Change 

The effect of Climate Change has been reviewed by the Wyong River FRMS&P (CSSE, 2018).  The 

assessment includes sea level rise and a commensurate increase in rainfall depth for both the 2050 

(15% increase in rainfall) and 2100 (30% increase in rainfall) horizons. The resultant flood levels in 

Wyong River adjacent to the subject site are presented in Table 12 above.  

The impact of climate change during the local catchment flood event has also been reviewed based 

on the latest ARR 2019 guidelines. As previously discussed, the ARR Data Hub provides the Interim 

Climate Change factors with the worst case 2090 and RCP 8.5 scenario adopted as part of this study.  

To review the subject site sensitivity to climate change, a comparison between the local catchment 

developed case 1% AEP and 1% AEP climate change scenarios has been performed as shown in 

Figure F1 of Appendix A. The results presented in Figure F1 suggests increases in flood depth 

adjacent to the subject site are generally less than 100mm with the exception of the portion of subject 

site located in the south-western corner where an increase of up to 410mm is observed.  

Commentary with respect to how the above climate change results impact Flood Planning Levels for 

the subject site is provided in the Discussion section of this report.  
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Discussion 

On-Site Detention 

Stormwater detention is not proposed for the subject site. The results for the Flood Impact 

Assessment presented in Figures E1 to E4 of Appendix A demonstrate a decrease in flood levels are 

observed downstream of the proposed development when compared to the existing conditions. This 

is expected to be due to a change in the timing of the peak from Deep Creek and Creek B when 

compared to the peak that occurs from the farms located on the southern side of Yarramalong Road.  

The following Figure 5 presents the difference in the existing and developed case hydrographs at a 

location downstream of Old Maitland Road. 

 

Figure 5 - Peak Flow Comparison Downstream of Old Maitland Road (1% AEP 2hr TP2) 

The hydrographs presented in Figure 5 above shows a reduction in the peak of the developed case 

hydrograph when compared to the existing case. In addition, an early response from the developed 

case catchment is observed with the peak also occurring sooner. The cause of this catchment 

response is highlighted in the below Figure 6 where a comparison between the flows approaching Old 

Maitland Road is presented. 

The decrease is expected to be due to the timing between the peaks derived by the three main local 

flow paths namely Creek B, Deep Creek and the farms located south of Yarramalong Road (referred 

to as Yarramalong Farms). Figure 6 below shows a change in the position of the peak during the 

developed case when compared to the existing case. As a result, the coincidence of the peak from 

the combined Deep Creek and Creek B catchment and Yarramalong Farms results in a lower overall 

peak flow when combined to the existing case.  
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Figure 6 - Peak Flow Comparison Approaching Old Maitland Road (1% AEP 2hr TP2) 
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Flood Planning Level 

Local Event 

As recommended in Chapter 6.25 - Mardi Rural Residential Development of the Wyong DCP, the 

Flood Planning Level for the subject site is the 1% AEP + 500mm. All proposed residential lots around 

the subject site are proposed to be positioned at or above this elevation. 

The sensitivity to the proposed Flood Planning Level with respect to climate change has been 

performed. Increases in flood depth during the local catchment flood event is generally less than 

100mm as presented in Figure F1 of Appendix A. This is considered only a minor reduction of 

freeboard to these properties by the year 2090. As a result, for the majority of the subject site, no 

additional increases in freeboard are proposed due to climate change for the local catchment. 

Figure F1 of Appendix A also shows an increase of up to approximately 410mm in the south-western 

portion of the subject site under the 2090 climate change scenario. This location is a localised sag 

point with an emergency overland flow path back to Deep Creek located adjacent to the proposed fill 

pad. A flood level of approximately 16.7m AHD is observed under today’s conditions in this location 

while a level of 17.3m AHD is observed under 2090 climate conditions. Design surface elevations in 

this are area are up at approximately 18.0m AHD. This corresponds to a freeboard of approximately 

710mm to the 2090 Climate scenario demonstrating adequate freeboard even during worst case 

climate conditions. If these design levels in this area are reviewed in the future, consideration to 

freeboard should be made. 

Regional Event 

Given the magnitude of the event, the expected life of the proposed development and the difference 

in today’s flood levels when compared to the 2050 and 2100 flood levels, the Flood Planning Level for 

the subject site has been defined using the Wyong River 1% AEP – 2050 climate change scenario.  

This corresponds to a minimum Flood Planning Level of 8.37m AHD with 740mm freeboard 

available under today’s conditions, 500mm by the year 2050 and 280mm by the year 2100. This is 

considered an appropriate balance between the additional fill required to achieve the minimum levels 

and the remaining freeboard available by 2100.  

Table 13 - Regional Flood Levels and Proposed Freeboard 

Design Storm 
Wyong River Flood Level  

(m AHD) 

Freeboard 

(mm) 

1% AEP  7.63 740 

1% AEP + Climate Change (2050) 7.87  500 

1% AEP + Climate Change (2100) 8.09 280 

 

Flood Emergency Management 

Figures D4-D9 of Appendix A presents the developed case flood depth and hazard conditions across 

the subject site during the 1% AEP and PMF design storm events. 

As previously mentioned, a short duration critical event is expected for the local catchment flood event 

with flooding expected to occur relatively rapidly with little warning time. Given the anticipated short 

warning time, it is possible evacuation from the subject site may not be feasible and refuge within the 

buildings may be the most likely scenario. 
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During the local and regional catchment flood events, all lots are shown in Figures D4 and D5 of 

Appendix A to be located outside the extent of the 1% AEP design storm event. There is the potential 

that the main entrance to the subject site may be cut off during a regional 1% AEP flood event. As an 

alternative, an emergency access driveway is proposed in the south-eastern corner of the subject 

site, connecting the site to Old Maitland Road. This driveway enables access to the subject site during 

regional flood events in up to and including the PMF. 

During the local catchment PMF event, Figure D6 of Appendix A shows a maximum flood depth of up 

to 0.8m and 1.2m is observed in the residential lots and road reserves, respectively. This flood 

behaviour corresponds to a maximum flood hazard of H5 in the road reserves and H3 in the 

residential lots as shown in Figure D7 of Appendix A.  

During the local event, the majority of the subject site will have the opportunity for rising road 

evacuation to a location outside the extent of the PMF however, a Flood Island is observed across the 

lots located between Creek B and Deep Creek. The majority of these lots are impacted by H1 hazard 

flow which Figure 4 suggests this behaviour is safe for pedestrians, vehicles and buildings.  

A maximum hazard of H3 is observed in the properties located in a sag in the north-eastern portion of 

the site with a maximum flood depth of up to 800mm in this area. Figure 4 suggests this flood 

behaviour is safe for buildings which enables the residents to remain within their properties and sit on 

beds and tables in order to avoid the floodwater as required. It is noted that flooding during a local 

catchment PMF event is not expected to remain for a prolonged period. Refuge within the buildings is 

only expected to occur for a short period of time. 

During the regional PMF flood event Figure D8 shows the majority of the subject site remains un-

affected. The section of the development located in the north-eastern corner is subject to the worst 

flood conditions with a flood depth in excess of 2.0m in the road reserve and up to 2.0m in the 

residential lots. This flood behaviour corresponds to a flood hazard of up to H5 in the road reserves 

and H4 in the residential lots as shown in Figure D9 of Appendix A.  

Flooding from the regional event is expected to occur over a prolonged period with a critical duration 

of 36 hours presented in the Wyong River FRMS&P (CSSE, 2018). As a result, it is anticipated that 

there will be ample time for residents to receive the warning and evacuate as necessary.  

During the regional event, evacuation from the subject site prior to the peak of the flood event is 

considered feasible for those affected. Access to the site during a regional flood event is expected to 

be along Old Maitland Road from the south due to the depths expected across the Old Maitland Road 

Sag point previously discussed.  

Performance Based Assessment  

A performance-based assessment has been undertaken in accordance with Central Coast Council 

(Wyong) DCP 2013 Chapter 3.3 Floodplain Management. The outcomes are summarised in Table 14 

below. 
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Table 14 – Wyong DCP – Performance Based Assessment 

Item Requirement How Addressed? 

(a) Compatibility with established Flood Hazard / Flooding Impacts and Behaviour 

(i) 

Impact of flooding and flood liability 

is to be managed ensuring the 

development does not divert 

floodwaters or interfere with flood 

storage or natural function of the 

waterway 

The impact of the proposed development is presented in 

Figures E1-E9. The results conclude the proposed 

development is not expected to create a significant 

adverse impact in adjacent properties.  

(ii) 

Flood behaviour (for example, 

flood depths reached, flood flow 

velocities, flood hazard, rate of 

rise of floodwater); 

The existing and proposed flood behaviour is presented 

in Figures C1-D9 of Appendix A. Commentary with 

respect to the expected rate of rise of flood water is 

provided in the Flood Management Section of this 

report.  

(iiI) 

Duration of flooding for a full range 

of events; 

The assessment presented herein has considered return 

intervals ranging from the 20% AEP to the PMF and 

durations ranging from the 30 minutes to 36 hour.  

(iv) 

Appropriate flood mitigation works; Stormwater detention has not been included as part of 

the proposal. The impact of the proposed development 

on the existing flow behaviour is presented in the 

Results Section of this report. The results presented in 

Figures E1-E4 show that a decrease is expected 

downstream of the subject site without detention which 

is expected to be due to the timing between flows 

derived from Creek B, Deep Creek and the farmland 

south of Yarramalong Road. 

(v) 

Freeboard; Freeboard and Flood Planning Levels are discussed in 

the Flood Planning Levels Section of this report. 

Freeboard of 600mm is proposed for the upstream side 

of the proposed culvert crossings in accordance with 

Central Coast Council Civil Works Specification (Design 

Guidelines) 

(vi) 

Council's duty of care – proposals 

to addressed or limit; 

Council has a duty of care to minimise the risk to 

property and life in flood events. It is considered that 

through preparation of this Flood Assessment, Council 

have addressed and limited their duty of care with 

respect to floodplain management.  

(vii) 
Depth and velocity of flood waters 

for relative flood event; 

Flood Depth and Hazard conditions are presented in 

Appendix A. 
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(b) Impact on other land / Cumulative Effects of the Development 

(i) 

Development should not 

detrimentally increase the potential 

flood affectation on other 

development or properties or 

infrastructure, either individually or 

in combination with the cumulative 

impact of development that is likely 

to occur in the same floodplain; 

The results presented in Figures E1-E9 of Appendix A 

demonstrate the subject site is not expected to result in 

a significant adverse impact for other development, 

properties or infrastructure. 

It is anticipated that any future development within the 

floodplain will also consider a performance-based 

assessment including further assessment by Council. 

Such assessments will also require the inclusion of the 

proposed development in order to assess the impact of 

both proposals. At the time of the development of this 

study, it was not known of any approved future 

development in the area. 

(ii) 

Cumulative effects of the 

development and precedents 

created for further cumulative 

development. 

It is anticipated that any future development within the 

floodplain will also consider a performance-based 

assessment including further assessment by Council. 

Any precedents created through the preparation of this 

study will also need to be reviewed on a case-by-case 

basis. Such assessments will also require the inclusion 

of the proposed development in order to assess the 

impact of both proposals. At the time of the development 

of this study, it was not known of any approved future 

development in the area. 

(c) Manage Risk to Life 

(i) 

The proposed development should 

not result in any increased risk to 

human life 

The proposed lots have been sited with a minimum level 

that includes 500mm freeboard to the 1% AEP 2050 

climate change scenario during the Wyong River flood 

event. Climate change over the local catchment has also 

been considered with limited impacts expected.  

PMF flood hazard conditions have been reviewed with 

the opportunity for refuge on-site during short duration 

local catchment events and evacuation for affected lots 

during the regional flood event. 

(ii) 

Controls for risk to life for floods up 

to the Flood Planning Level 

The proposed lots have been sited with a minimum level 

that includes 500mm freeboard to the 1% AEP 2050 

climate change scenario during the Wyong River flood 

event. Climate change over the local catchment has also 

been considered with limited impacts expected.  

(iii) 

Controls for risk to life for floods 

greater than the Flood Planning 

Level 

PMF flood hazard conditions have been reviewed with 

the opportunity for refuge on-site during short duration 

local catchment events and evacuation for affected lots 

during the regional flood event. 

(iv) 

Existing floor levels of 

development in relation to the 

Flood Planning Level and floods 

greater than the Flood Planning 

level 

Not applicable. 
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(v) 

Council's duty of care – Proposals 

to address and limit 

Council has a duty of care to minimise the risk to 

property and life in flood events. It is considered that 

through preparation of this Flood Assessment, Council 

have addressed and limited their duty of care with 

respect to floodplain management. 

(vi) 

What level of flooding should apply 

to the development e.g. 1 in 20 

year, etc 

The level of flood controls applicable for the subject site 

are discussed in the Flood Planning Level section of this 

report.  

(vii) 
Effective flood access and 

evacuation issues 

Flood Access and Evacuation issues are discussed in 

the Flood Emergency Response section of this report. 

(viii) 

Flood readiness – Methods to 

ensure relative flood information is 

available to current and future 

occupants and visitors 

It is considered that through preparation of this Flood 

Assessment, flood information is made available to 

current and future occupants and visitors 

(ix) 

Where appropriate existing 

information does not exist, a site-

specific Flood Risk Assessment in 

support of the application 

addressing the requirements of the 

NSW Flood Policy and NSW 

Floodplain Development Manual 

2005. These documents are 

available from the NSW 

Department of Environment, 

Climate Change and Water 

website. 

A site-specific Flood Assessment has been prepared 

and is included herein. This report has been prepared 

with consideration to the relevant policies, plans and 

guidelines.  

(d) Warning and Evacuation 

(i) 

Available effective warning time 

and reliable access for the 

evacuation of an area potentially 

affected by floods 

Effective warning time and access for evacuation is 

discussed in the Flood Emergency Management section 

of this report. 

(ii) 

Evacuation should be consistent 

with any relevant or flood 

evacuation strategy where in 

existence 

At the time of the development of this study, it was not 

known of any relevant flood evacuation strategy in 

existence for the subject site.  

(iii) 
Depth and velocity of flood waters 

for relative flood event; 

Flood Depth and Hazard figures are presented in 

Appendix A. 

(iv) 

Council's duty of care – proposals 

to addressed or limit; 

Council has a duty of care to minimise the risk to 

property and life in flood events. It is considered that 

through preparation of this Flood Assessment, Council 

have addressed and limited their duty of care with 

respect to floodplain management. 

(v) 

What level of flooding should apply 

to the development e.g. 1 in 20 

year, etc; 

The relevant Flood Planning Levels are discussed in the 

Flood Planning Levels Section of this report.  
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(vi) 

Effective flood access and 

evacuation issues 

Effective flood access and evacuation issues are 

discussed in the Flood Emergency Management section 

of this report. 

(vii) 

Flood readiness – methods to 

ensure relative flood information is 

available to current and future 

occupants and visitors 

 

(e) Environmental Impacts 

(i) 

Will not significantly adversely 

affect the environment or cause 

avoidable erosion, siltation, 

destruction of riparian vegetation 

or a reduction in the stability of 

river banks or watercourses 

The results presented in Figures E1-E9 of Appendix A 

demonstrate the subject site is not expected to result in 

a significant adverse impact for other development, 

properties, or infrastructure. 

(f) The Costs 

(i) 

The additional economic and social 

costs that may arise from damage 

to property from flooding should 

not be greater than that which can 

reasonably be managed by the 

property owner and general 

community 

The subject site has been elevated in accordance with 

Councils DCP with additional consideration to climate 

change given the expected life of the project. Therefore, 

flood immunity and protection with respect to flooding 

has been considered in design. As a result, additional 

economic and social costs are not expected beyond 

what is considered current practice. 

(ii) 

Land values and social equity – 

effect both negative and positive – 

e.g. development increasing land 

values, restrictions decreasing land 

values, etc 

It is not expected the proposed development will have 

any significant impact on land values in the vicinity due 

to flood related issues. 

(iii) 

Future development (specifically, 

the ability of the community and 

individuals to recover from 

flood events); 

It is not expected the proposed development will have 

any significant impact on future development in the 

vicinity due to flood related issues. It is anticipated that 

the introduction of any future development within the 

floodplain will also require a detailed performance-based 

assessment. 

(iv) 

Economic factors both in regard to 

doing and not doing the 

development 

The development is considered beneficial to the local 

economy and will assist in alleviating housing shortfalls 

currently experienced.  

(v) 

Social issues; The development is considered a positive social 

endeavour through increased housing availability and 

improved public amenity.  

(vi) 

Servicing the development safely 

in flood e.g. potable water, sewer, 

etc 

Consideration with respect to refuge or evacuation of the 

site during a flood event is discussed in the Flood 

Emergency Management Section of this report.   
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(g) Ecological Sustainable Development: 

Proposed development must be consistent with ESD principles including but not limited to: 

(i) 

Intergenerational equity – namely, 

that the present generation should 

ensure that the health, diversity 

and productivity of the environment 

are maintained or enhanced for the 

benefit of future generations; 

The impact of climate change has been assessed as 

part of the Flood Assessment contained herein. Flood 

Planning Levels have been updated where significant 

impacts are possible over the expected life of the 

project.  

(ii) 

The precautionary approach - 

namely, that if there are threats of 

serious or irreversible 

environmental damage, lack of full 

scientific certainty should not be 

used as a reason for postponing 

measures to prevent 

environmental degradation 

Assessed by Others. 

(iii) 

Biodiversity conservation - namely, 

that conservation of biological 

diversity and ecological integrity 

should be a fundamental 

consideration; 

Assessed by Others. 

(iv) 

Improved valuation, pricing, and 

incentive mechanisms - namely, 

that environmental factors should 

be included in the valuation of 

assets and services. 

Assessed by Others. 

Further information regarding ESD principals may be sourced from the Environmental Planning and 

Assessment Regulations 2000 Schedule 2 Part 6. 

(v) Must be addressed Assessed by Others. 

(vi) Land availability 

(vii) 
Land values and social equity – 

both positive and negative; 

(viii) Social issues; 

(ix) Environmental issues; 

(x) Cultural issues. 

(h) Climate Change 

(i) 

The proposal adequately considers 

the impact of climate change.  It is 

to be noted that with regard to 

climate change appropriate 

benchmarks based on the best 

available current information have 

been used in producing the flood 

risk management studies and 

plans that inform this document 

The impact of climate change has been assessed as 

part of the Flood Assessment contained herein. Flood 

Planning Levels have been updated where significant 

impacts are possible over the expected life of the 

project. 
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(i) Emergency Services 

(i) 

Development will not unduly 

increase dependency on 

emergency services. 

The proposed development has been elevated in 

accordance with relevant guidelines and development 

controls with additional allowance made in Flood 

Planning Levels for potential future climate scenarios.  

It is anticipated that if an extreme flood were to occur, 

the SES and emergency services would be in the area 

evacuating residents within the nearby low lying rural 

residential properties prior to the event.   

Furthermore, it is expected that any additional 

requirements for emergency services will be addressed 

as part of the Regional Flood Emergency Management 

Plan.  

Based on the above, the proposed development is not 

expected to unduly increase dependency on emergency 

services. 
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Conclusion 

Northrop Consulting Engineers were engaged by Stevens Group Pty Ltd. and Transnational Pastural 

Pty Ltd to prepare a Flood Assessment Report for the proposed Rural Residential subdivision located 

at Old Mardi Farm, Mardi, NSW.  

This study has reviewed the existing flood extents across the subject site, the flood impact of the 

proposed development as well as the development compliance with respect to Council’s flood related 

Development Controls. The model parameters and assumptions made during the development this 

study have also been discussed.  

It was concluded that the proposed development is not expected to result in a significant adverse 

impact in adjacent properties. Stormwater detention has been excluded following review of the timing 

between the hydrographs discharging from the subject site. Furthermore, it was determined that risks 

to property and life can be appropriately managed through the available refuge and evacuation 

opportunities. 

We commend our findings to Council for their review. Should you have any queries regarding this 

correspondence, please feel free to contact the undersigned on (02) 4943 1777. 

 

Prepared By Reviewed By 

 

 

 

 

 

Laurence Gitzel 

Civil Engineer 

BEng (Environmental) MIEAust 

Angus Brien 

Civil Engineer 

BEng (Civil) MIEAust CPEng 
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Limitation Statement 

Northrop Consulting Engineers Pty Ltd (Northrop) has been retained to prepare this report based on 

specific instructions, scope of work and purpose pursuant to a contract with its client. It has been 

prepared in accordance with the usual care and thoroughness of the consulting profession for the use 

by Stevens Group Pty Ltd. and Transnational Pastural Pty Ltd. The report is based on generally 

accepted practices and standards applicable to the scope of work at the time it was prepared. No 

other warranty, express or implied, is made as to the professional advice included in this report. 

Except where expressly permitted in writing or required by law, no third party may use or rely on this 

report unless otherwise agreed in writing by Northrop.  

Where this report indicates that information has been provided to Northrop by third parties, Northrop 

has made no independent verification of this information except as expressly stated in the report. 

Northrop is not liable for any inaccuracies in or omissions to that information. 

The report was prepared on the dates shown and is based on the conditions and information received 

at the time of preparation.  

This report should be read in full, with reference made to all sources. No responsibility is accepted for 

use of any part of this report in any other context or for any other purpose. Northrop does not purport 

to give legal advice or financial advice. Appropriate specialist advice should be obtained where 

required. 

To the extent permitted by law, Northrop expressly excludes any liability for any loss, damage, cost or 

expenses suffered by any third party relating to or resulting from the use of, or reliance on, any 

information contained in this report. 

Document Register 
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