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EXECUTIVE SUMMARY 

Goulburn Mulwaree Council, with the financial support of the NSW Government via the Floodplain 

Risk Management Program, has commissioned GRC Hydro to undertake a Flood and Floodplain Risk 

Management Studies for Marulan (the study area). 

This study comprises stages 1 and 2 in the five-stage process outlined in the NSW Government’s 

Floodplain Development Manual (FDM, 2005) (DIPNR 2005). Following the completion of the Flood 

Study, stages 3 and 4 will be undertaken as part of the subsequent Floodplain Risk Management 

Study and Plan (FRMS&P). The final stage of the FDM (2005) floodplain management process will 

involve implementing the findings of the FRMS&P.  

This flood study is a comprehensive technical investigation of flood behaviour at Marulan and aims 

to provides the main technical foundation for the development of the FRMS&P. The main objective 

of this study is the development of an understanding of flood characteristics for a range for flood 

events.  

Community Consultation 

Community consultation was undertaken in late 2021 to inform the community of the study, obtain 

community input, identify community concerns and develop community confidence in the study 

through collaboration. The consultation included a media release, newsletter/questionnaire and a 

website. 

Additional community consultation will next be undertaken during public exhibition of this draft 

Flood Study, and as part of the future FRMS&P.  

Model Build 

Computer models were established to simulate catchment rainfall/runoff response and flood 

behaviour for Marulan and surrounding areas. A rainfall/runoff model (DRAINS software) was used 

to convert design rainfall into runoff, which was then applied to the flood model (TUFLOW software) 

to define flood depths, extents and velocities. 

The study area’s flood model represents the urban area and surrounds as a 2 m resolution grid of 

cells. Physical features including the area’s topography, creek and river bathymetry, roads, buildings, 

and drainage features (e.g. bridges, culverts and stormwater drainage) are all incorporated into the 

model. Applied model parameters have been obtained from applicable reference documents such 

as Australian Rainfall and Runoff (2019). 

Limited hydrometric data was available for model calibration and instead, a model validation process 

was implemented. The rainfall/runoff model results were validated to ARR2019 Regional Flood 

Frequency Estimation (RFFE) flows and flood model results were compared to flood observations 

provided by the community. 

Model Results 

Design flood behaviour was produced for the study area for the 20%, 10%, 5%, 2%, 1%, 0.5% and 

0.2% Annual Exceedance Probability (AEP) events, as well as the Probable Maximum Flood (PMF). 
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The primary model outputs are high-resolution raster outputs of peak flood depth, level and velocity 

across the study area. These results were then used to derive the hydraulic hazard, which describes 

the risk to pedestrians, vehicles and buildings based on a flood’s depth and velocity. Flood function 

will be produced during the Floodplain Risk Management Study (see Section 1.2) phase of the project.  

Developed areas are noted to be typically subject to limited flood affectation and low hazard flow 

conditions. A notable exception is Morris Place which is reported by the community to be frequently 

flooded. Areas of high flood hazard affecting dwellings is noted upstream of the ARTC rail corridor 

for events rarer than 0.2% AEP. 

Sensitivity Analysis 

Applied model parameters are best estimates based on available data, industry best practice, 

reference documents and knowledge of the catchment. Sensitivity analysis was undertaken to 

quantifying the sensitivity of model results to variations in model parameters. 

The analysis found that model results typically exhibit limited sensitivity to variations in model 

parameters, with notable exceptions for: 

• Urban areas upstream of the ARCT rail corridor which are highly sensitive (often more than 

+0.5 m) to blockage of cross drainage structures; and 

• Mainstream Creeks which have some sensitivity (typically less than +0.3 m) to applied 

Mannings, rainfall losses and design rainfall estimates.  

Findings from the sensitivity analysis will be considered during the FRMS&P to account for potential 

uncertainty in the flood model results. 

Flood Damages Assessment  

A flood damages assessment was undertaken to quantitively assess the impacts of flooding on the 

community. The flood damages assessment described herein has been completed for 451 properties 

within the study area. Based on the flood liability of each development, a monetary value was applied 

to each property based on the level of property damage over a range of design flood events.  

Property flood liability for residential and non-residential properties is presented in Tables ES1 and 

ES2 respectively.  

Table ES1: Residential Property Flood Affectation 

 

 

 

 

 

 

 

Design Event (AEP) 
Number of Properties 

Affected 

Number of Properties 

affected above Floor 

Level 

20% 1 0 

10% 2 0 

5% 2 0 

2% 7 0 

1% 14 0 

0.5% 15 0 

0.2% 15 0 

PMF 77 30 
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Table ES2: Non-Residential Property Flood Affectation 

 

 

 

 

 

 

 

The estimated average annual flood damages for both residential and non-residential flooding is 

$426,400, which is comprised of $22,900 of residential damages and $403,500 of non-residential 

damages. 

 

 

  

Design Event (AEP) 
Number of Properties 

Affected 

Number of Properties 

affected above Floor 

Level 

20% 9 2 

10% 10 2 

5% 10 3 

2% 10 3 

1% 12 3 

0.5% 12 3 

0.2% 12 3 

PMF 24 7 
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FOREWORD 

The New South Wales (NSW) Government’s Flood Prone Land Policy aims to reduce the impact of 

flooding and flood liability on individual owners and occupiers of flood prone property, and to 

reduce private and public losses resulting from floods.  

Through the NSW Office of Environment and Heritage (OEH), NSW Department of Planning and 

Environment (DPE) and the NSW State Emergency Service (SES), the NSW Government provides 

specialist technical assistance to local government on all flooding, flood risk management, flood 

emergency management and land-use planning matters.  

The Floodplain development manual (NSW Government 2005) assists councils to meet their 

obligations through a five-stage process resulting in the preparation and implementation of 

floodplain risk management plans. Image 1 presents the process for plan preparation and 

implementation. 

Image 1: The floodplain risk management process in New South Wales (FDM, 2005) 

 

  

Source: NSW Government (2005) 
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DRAFT FLOOD STUDY REPORT 

1. INTRODUCTION 

1.1 Study Overview 

Marulan is located in NSW, approximately 27 km north-east of Goulburn and 170 km south-west of 

Sydney. The town lies in the Goulburn Mulwaree Local Government Area (LGA) and in recent years 

has experienced strong population growth and residential development. It is this growth that has 

been a catalyst for Goulburn Mulwaree Council (Council) to undertake a Flood Study and Floodplain 

Risk Management Study and Plan (FRMS&P) for Marulan.  

The township of Marulan is situated on high ground with future development proposed in the lower 

lying areas of Marulan North, Marulan North URA and Marulan South (see Image 2). Marulan North 

and Marulan North URA are located adjacent to Jaorimin Creek, a tributary to the Wollondilly River. 

Marulan South is proposed  on the Woolshed Creek floodplain, a tributary to the Shoalhaven River. 

The outputs of this study will determine the magnitude and extent of flooding in these areas.  

Image 2: Marulan Township & proposed development areas (Source: Goulburn Mulwaree Council) 

 

The purpose of this report is to inform stakeholders of the work completed as part of the data 

collection process.  
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1.2 The Floodplain Risk Management Program 

Goulburn Mulwaree Council (Council) has, with the financial support of the NSW Government via the 

Floodplain Risk Management Program, commissioned GRC Hydro to undertake a Flood and 

Floodplain Risk Management Studies for Marulan (the study area). 

This study comprises stages 1 to 4 in the five-stage process outlined in the NSW Government’s 

Floodplain Development Manual (FDM, 2005) (DIPNR 2005). These works include: 

1. Data collection – collection of all applicable data to be used for the ensuing stages of the 

studies; 

2. Flood Study – a comprehensive technical investigation of flood behaviour that provides the 

main technical foundation for the development of a robust floodplain risk management plan; 

3. Floodplain Risk Management Study (FRMS) – assess the impacts of floods on the existing and 

future community and allows the identification of management measures to treat flood risk;  

4. Floodplain Risk Management Plan (FRMP) – outlines a range of measures, for future 

implementation, to manage existing, future and residual flood risk effectively and efficiently; 

and 

5. Plan Implementation – once the management plan is adopted, an implementation strategy 

(devised in Stage 4) is followed to stage components dependent on funding availability. 

Following the completion of the FRMP, the final stage of the FDM (2005) floodplain management 

process will involve implementing the findings of the FRMP. Further details of each of these FDM 

(2005) stages are outlined below. 

Data Collection  

The collection and collation of data necessary for the completion of the flood and floodplain risk 

management studies is a fundamental part of the floodplain management process. It is typically 

begun at the outset of the study, but generally continues throughout the period of the project as 

data becomes available, through community involvement. The quality and quantity of available data 

is key to the success of a flood study and FRMS. Milestone 1 comprises the Data Collection phase 

and is detailed in this report. 

Flood Study  

A flood study is a comprehensive technical investigation of flood behaviour that provides the main 

technical foundation for the development of a robust floodplain risk management plan. It aims to 

provide an understanding of flood behaviour and consequences for a range for flood events. 

Consideration of the local flood history, flood data is used to assist in the development of hydrologic 

and hydraulic models which are calibrated and verified to improve confidence in model results.  

Floodplain Risk Management Study  

A floodplain risk management study increases understanding of the impacts of floods on the existing 

and future community. It also allows testing and investigating practical, feasible and economic 

management measures to treat existing, future and residual risk.  The floodplain risk management 

study will provide a basis for informing the development of a floodplain risk management plan. 
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Floodplain Risk Management Plan  

The floodplain risk management plan outlines a series of prioritised measures to address flood risk. 

The FRMP is built using the findings of a floodplain risk management study, to outline a range of 

measures to manage existing, future and residual flood risk effectively and efficiently. 

1.3 Objectives 

The objective of this study is to define design flood behaviour in Marulan, identify existing and future 

flood risk, and inform future flood risk management and development within the study area. 

Additionally, this study aims to inform decision making for project end users. 

The Data Collection and Flood Study stages include: 

• Review of available flood related information for the town and its catchments; 

• Develop a hydrologic computer model to simulate the rainfall/runoff process for the various 

rivers, creeks and overland flow paths that contribute to flooding within the Marulan study 

area; 

• Develop design flows for each of the watercourses affecting the town for the 20%, 10%, 5%, 

2%, 1%, 0.5%, 0.2% AEP events and the PMF; 

• Develop a hydraulic model to simulate flood behaviour at the town; 

• Model design flood behaviour for the events described above; 

• Undertake sensitivity analysis to investigate potential changes associated with Climate 

Change and selected model parameters; and  

• Assess design event flood hazard. 

The FRMS and FRMP objectives include: 

• Definition of a Flood Planning Area; 

• Assess flood function and emergency response classifications; 

• Providing information to support emergency management activities; 

• Providing advice on land-use planning considering flooding and overland flow; 

• An assessment of cumulative impact of development; 

• The identification and assessment of flood risk management options; and 

• The development of a FRMP which recommends measures aimed at managing flood risk and 

future development in Marulan. 
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1.4 Terminology 

1.4.1 Acronyms and Terminology 

Table 1 presents a list of acronyms and terminology used in the report. A detailed glossary of key 

terminology from the Floodplain Development Manual (DIPNR 2005) is provided in APPENDIX A. 

Table 1: List of Acronyms and Terminology 

Abbreviation Description  

1D One-dimensional  

2D Two-dimensional 

3D Three-dimensional 

AEP Annual Exceedance Probability (see Section 1.4.2) 

AHD Australian Height Datum – national surface level datum corresponding to mean sea level 

ARF Areal Reduction Factor - is a value which can be applied to a point rainfall to give the reduced 
areal rainfall over a given catchment area. 

ARI Average Recurrence Interval (see Section 1.4.2) 

ARR87 Australian Rainfall and Runoff, 1987 Edition – ARR is a national guideline document that is used 
for the estimation of design flood characteristics in Australia. 

ARR2019 The latest revision of Australian Rainfall and Runoff. 

DEM Digital Elevation Model - is a 3D representation of a terrain's surface 

FDM (2005) NSW Government Floodplain Development Manual (2005) – the primary objective of the FDM 
(2005) is to reduce the impact of flooding and flood liability on individual owners and occupiers 
of flood prone property, and to reduce private and public losses resulting from floods  

FFA Flood Frequency Analysis – statistical analysis of stream flows at a gauge 

GSAM Generalised Southeast Australia Method – a method of calculating the PMF 

GSDM Generalised Short Duration Method – a method of calculating the PMF 

Hydraulic Term given to the study of water flow; in particular, the evaluation of flow parameters such as 
water level and velocity. 

Hydrology Term given to the study of the rainfall and runoff process; in particular, the evaluation of peak 
flows, flow volumes and the derivation of hydrographs. 

LiDAR Light Detection and Ranging - is a remote sensing method that uses light in the form of a pulsed 
laser to measure ranges. This data is typically used in the creation of a DEM. 

m³/s Cubic metres per second - a measurement of flow rate 

Mainstream 
flooding 

Mainstream flooding occurs from rising water on a defined watercourse (creek or river) causing 
the watercourse to break its banks and inundate areas that are usually dry. 

Model Computer model - The mathematical representation of the physical processes involved in 
runoff generation and flow. These models are run on computers due to the complexity of the 
mathematical relationships between runoff, stream flow and the distribution of flows across 
the floodplain. 

Overland flow Overland flow occurs when excess rainfall runoff makes its way to a mainstream watercourse. 

PMF Probable Maximum Flood - The PMF is the largest flood that could conceivably occur at a 
particular location. The PMF defines the extent of flood prone land, that is, the floodplain. The 
FDM (2005) states that ‘generally, it is not physically or economically possible to provide 
complete protection against this event’.  

PMP Probable Maximum Precipitation - the greatest possible depth of precipitation for a given 
duration at a particular location. 

Probability A statistical measure of the expected chance of flooding (see AEP). 

RFFE Regional Flood Frequency Estimation 

TUFLOW A 1D/2D hydraulic model typically used for assessing flood behaviour 

WBNM A type of hydrologic model typically used for flood hydrology 

XP-RAFTS A type of hydrologic model typically used for flood hydrology 
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1.4.2 Adopted Probability Terminology 

Event probability is often described in terms of: 

• Annual Exceedance Probability (AEP) - the probability of an event being equalled or exceeded 

within a year; or 

• Average Recurrence Interval (ARI) - the average time period between occurrences equalling or 

exceeding a given value. 

This study has used the ‘AEP’ terminology when describing event probability as is recommended in 

Australian Rainfall and Runoff 2019 (ARR2019). The relationship between ‘AEP’ and ‘ARI’ is presented 

in Table 2. 

Table 2: Relationship between AEP and ARI 

AEP (%) ARI (years) 

20 4.5 

10 10 

5 20 

2 50 

1 100 

0.2 500 

0.05 2,000 

 

2. BACKGROUND 

2.1 Study Area  

While the Marulan township is located on high ground, a number of overland flow paths traverse 

the township flowing into nearby Jaorimin Creek to the north-west, Woolshed Creek to the east and 

Marulan Creek to the south. As the population of Marulan has grown rapidly (at 1,178 in 2016 Census), 

lower lying areas of Marulan have been investigated for potential development to accommodate 

future population growth. Given the existing flood affectation within the township and the potential 

for future development, a comprehensive understanding of the Marulan’s flood affectation will assist 

in managing future flood risk.  

Two major overland flow paths flow through Marulan, named herein as the ‘Central Flow Path’ and 

the ‘Northern Flow Path’ (shown in Figure 1). These flow paths eventually flow into Jaorimin Creek. 

The Central Flow Path has a catchment area of approximately 66 hectares where it meets Jaorimin 

Creek and the Northern flow path has a catchment area of 44 hectares to downstream of Brayton 

Road. Consultation with the community highlighted these flow paths as the primary sources of 

flooding affecting the town. Other minor overland flow paths, also shown in Figure 1, cause 

inundation in some downstream areas of Marulan.  

The study area is primarily comprised of residential properties and large lot rural properties with 

small commercial areas and some industrial areas near the Hume Highway and on the town’s 

outskirts. 
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2.2 Flood Mechanisms 

Two key flood mechanisms occur in the study area; overland flow flooding and mainstream flooding.  

Overland flow flooding occurs when excess rainfall runoff is generated from impervious surfaces and 

flows toward a watercourse. This type of flooding is often referred to as “stormwater” flooding or 

“flash flooding” due to short warning times Typically this type of flooding rises and recedes over a 

short period of time and the floodwaters are usually relatively shallow and fast moving. Image 3 (left 

hand side) depicts this mechanism.  

Overland flow flooding primarily occurs along the Central Flow Path and the Northern Flow shown 

in Figure 1.  The Community Consultation process (see Section 4) identified overland flow flooding 

at the following locations: 

1. Along the western end of Goulburn Street; 

2. Along Morris Place; 

3. Around the intersection of Morris Place and Maclura Drive; 

4. Brayton Road at the intersection with the Northern Flow Path; 

5. Along Railway Parade; and 

6. Between Portland Avenue and George Street. 

The locations of these hotspots are numbered in Figure 1 according to the above list. 

Mainstream flooding occurs from rising water on a defined watercourse causing the watercourse to 

break its banks and inundate areas that are usually dry. This mechanism typically occurs over a long 

period of time and generally results in deeper, slow-moving floodwaters. Image 3 (right hand side) 

depicts this mechanism.  

Mainstream flooding can occur in Marulan along Jaorimin Creek, Woolshed Creek and Marulan 

Creek (shown in Figure 1). 

Image 3: Flood Mechanisms affecting Marulan 

Overland Flow Flooding Mainstream Flooding 
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2.3 Policies, Legislation and Guidance 

2.3.1 Implemented Guidelines and References 

Table 3 presents the guidelines, manuals and technical reference documents used for this study. 

These documents detail best practice in regard to management of flood risk. They cover both best 

practice regarding the technical assessment of flood behaviour and flood risk, and more generally, 

who has responsibility for managing flood risk and how this management is best achieved. 

 

Table 3:Guidelines and reference documents 

Reference Topics Year Published 

Australian Emergency Management (AEM) Handbook Series, 
Managing the Floodplain: A Guide to Best Practice in Flood Risk 
Management in Australia – AEM Handbook 7 

Best practice 

2017 

AEM Handbook 7, Technical Flood Risk Management Guideline – 
Flood Hazard 

Flood hazard 

AEM Handbook 7, Technical Flood Risk Management Guideline – 
Flood Emergency Response Classification of the Floodplain  

Emergency response 

AEM Handbook 7, Technical Flood Risk Management Guideline – 
Flood Risk Information to Support Land-Use Planning 

Land use 

AEM Handbook 7, Technical flood risk management guideline – 
Assessing Options and Service Levels for Treating Existing Risk 

Mitigation options and 
service levels 

AEM Handbook 6, National Strategy for Disaster Resilience – 
Community Engagement Framework 

Community 
engagement 

2020 

Australian Rainfall & Runoff 2019 Best practice 2019 

Section  733 of the Local Government Act, 1993 Flood Prone Land Policy 1993 

NSW Government’s Floodplain Development Manual (2005) Flood Prone Land Policy 
and industry practice 

2005 

SES Requirements from the Floodplain Risk Management Process 
(NSW Government) 

SES requirements 2007 

Practical Consideration of Climate Change (NSW Government) Climate change 2007 

 

 

3. AVAILABLE DATA 

3.1 Overview 

A review of available data has been undertaken for Marulan for the following key reasons: 

• To obtain an understanding of how flooding has historically occurred in the study area; and 

• To gather information to aid the development of modelling tools. 

This process has involved examination of Council records, obtaining data to aid the hydrologic and 

hydraulic model development, reviewing previous flood related studies, procurement of historic 

rainfall records and engaging with the local community. 

The following sections will provide detail of this process. 



 

GRC Hydro MARULAN FLOOD STUDY 19 

DRAFT FLOOD STUDY REPORT 

3.2 Previous Studies 

There are few studies related to flooding in the Marulan area. The Marulan Stormwater Masterplan 

was undertaken by GHD in 2005 and has been summarised in the following section. The Goulburn 

Flood Study and FRMSP are also relevant and are discussed below. 

3.2.1 Marulan Stormwater Master Plan (GHD 2005) 

The Marulan Stormwater Master Plan (the Master Plan) was undertaken by GHD on behalf Goulburn 

Mulwaree Council in 2005. This study developed a stormwater master plan to address the steady 

population growth and future development of Marulan due to improved accessibility to Sydney. The 

masterplan investigated the pre and post developed predicted runoff of urban catchments using XP-

RAFTS and suggested permissible site discharge for various lot sizes and methods for detention (on-

site detention and/or detention basins). The study undertook a major flow path assessment to ensure 

that flows through the trunk drainage system have no negative impact on existing flows in Jaorimin 

Creek. Other factors were also considered in the masterplan such as water quality, in incorporation 

of rainwater tanks in new developments and approximate costs of implementation of the plan. 

The GHD (2005) study used ARR87 methods including an initial loss of 15 mm and continuing loss of 

2.5 mm/hr for pervious areas based on examination of soil maps in the area. A percentage 

impervious of 10-25% was used for catchments. No detail was provided regarding the adopted 

critical duration, rainfall, slopes or Manning’s values applied to the model.  

In the absence of these details a true flow comparison between the GHD (2005) study and the current 

study cannot be undertaken. The causes for any differences in flows could be from a variety of factors 

such as attenuated flows in the hydraulic model or embedded bursts in ARR1987 temporal patterns 

presumably used in the GHD (2005) XP-Rafts model.  

3.2.2 Wollondilly and Mulwaree Rivers Flood Study (WMAwater 2016) 

The Wollondilly and Mulwaree Rivers Flood Study defined the nature and extent of mainstream 

flooding within Goulburn. This study produced calibrated/validated hydrologic and hydraulic models 

for the Wollondilly and Mulwaree Rivers through the Goulburn township and surrounding areas. The 

Study produced design flood information for a range of flood events including basic information 

such as peak flood depth, level and velocity as well as processed outputs including provisional 

hydraulic hazard and hydraulic classification.  

ARR1987 calibrated parameters such as initial (20 mm for 1% AEP) and continuing losses (1.95 mm/hr) 

from the WMAwater (2016) study were used in the current study to aid the derivation of ARR1987 

model peak flows. These flows were used for model validation where a comparison was undertaken 

between ARR2019 and ARR1987 model derived peak flows (see Section 9.2.3). 

3.2.3 Goulburn Floodplain Risk Management Study and Plan (GRC Hydro 2021) 

The Goulburn Floodplain Risk Management Study and Plan (FRMS&P) was undertaken by GRC Hydro 

in 2021. This study comprised a flood study update with revision of outputs, a community risk 

assessment, analysis of flood risk management measures and a draft flood risk management plan.  

The WMAwater (2016) study, was revised to implement the most recent version of Australian Rainfall 

and Runoff Guidelines (ARR2019) along with various catchment changes since 2016. Given the 
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proximity of the Goulburn FRMS&P study area to the current study area, analyses such as the at site 

IFD comparison to BOM ARR2019 IFDs have been relevant and of use in the current study.  

The Goulburn FRMS&P undertook a detailed assessment of the riverine flood behaviour and 

community profile to determine the flood risk across a range of metrics, including; property flood 

liability, flood hazard, hydraulic categories, the economic impact of flooding and available flood 

warning. This assessment lent itself to the analysis of flood risk management measures that effectively 

reduced flood risk.  

The study developed a Draft Floodplain Risk Management Plan which aimed to manage existing and 

future flood risk for riverine flooding at Goulburn in accordance with the NSW Floodplain 

Development Manual. Measures given a high priority included updating Flood Planning Certificates, 

undertaking a voluntary purchase feasibility assessment, installing flood warning signage and 

undertaking a scoping study for a total flood warning system.  

A key outcome of this study was the development of a flood policy for Goulburn. This flood policy 

will be reviewed for suitability of use in Marulan as part of the current study. Required updates and 

amendments will be incorporated to manage future flood risk for the town. 

3.3 Historical Flood Reports 

Newspaper articles can be a useful source of historic flood records including locations, dates and 

photography. Online resources such as Trove were used to search for reports of historical flooding 

in the Marulan area. Historic flood reports for town were very limited.  

Council undertook a search of their records and provided reports of flooding along Morris Place and 

Maclura Drive inclusive of some dates and photographs. 

3.4 Survey Data 

3.4.1 Topographic Data 

Digital Elevation Model (DEM) data was used to define the topography of the study areas in the 

hydrologic and hydraulic models.  

Two sets of topographic data were obtained from the NSW Government Spatial Services: 

• Goulburn201312-PHO3-AHD - 5 m resolution DEM data with a vertical accuracy of (+/-) 0.9 

metre (95% Confidence Interval) and horizontal accuracy of (+/-) 1.25 metre (95% 

Confidence Interval 1.96xRMSE) on bare open ground. The vertical accuracy of this data 

makes it unsuitable for use in the hydraulic model, however, it is still useful for determining 

rural catchment areas of the hydrologic model; and 

• MossVale201805-LID2-AHD - 2 m resolution LiDAR data covering the town. This data has 

an accuracy of 0.3m (95% Confidence Interval) vertical and 0.8m (95% Confidence Interval) 

horizontal. Whilst this data is of sufficient accuracy for use in the hydraulic model, the data 

extent did not cover a portion of the study areas. 

Due to the data limitations described above, additional LiDAR was required to cover the hydraulic 

model extent as agreed with Council (see Figure 2). AVMAP were engaged to obtain LiDAR survey 

with specifications consistent with LPI Classification Level 3, Category 1 for the town and western 
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portions of the study area. The AVMAP survey has been used in preference to the ‘MossVale201805’ 

dataset where overlap occurs. The data was reported to have accuracy of ± 0.1 m in the vertical on 

bare earth.  

LiDAR data used in the current study is shown in Figure 2.  

3.4.2 Drainage Network Data 

Stormwater elements, inclusive of conduit size and invert levels, are input into the TUFLOW hydraulic 

model. During the model simulation, these structures convey flow, with excess flow moving overland.  

Marulan’s stormwater is comprised of Council, Transport for NSW (TfNSW) and Australian Rail Track 

Corporation (ARTC) owned stormwater assets. Cross drainage structures along the Hume Highway 

are owned and maintained by the TfNSW and structures along the railway that bisects Marulan are 

the responsibility of ARTC. All other assets are owned and maintained by Council.  

The following datasets have been used in development of the hydraulic model: 

• Council supplied GRC Hydro with a GIS layer of the drainage network inclusive of structure 

dimensions.  

• TFNSW supplied the alignment, structure sizes and invert levels in scanned plans of the Hume 

Highway.  

• ARTC provided a database of structures along the railway, inclusive of structure photos and, 

where available, invert levels.  

• Site visits were carried out by GRC Hydro to measure conduit sizes where other information 

was not available. Watercourses on private properties were inaccessible and conduit 

sizes/locations have been estimated based on inspection of the LiDAR in some instances.  

Pit invert levels were determined using a variety of sources and prioritised based on their reliability. 

Surveyed pit inverts or inverts provided on plans were considered the most reliable invert levels. 

Invert levels were then either interpolated from known invert levels or determined using the structure 

dimensions, cover and LiDAR ground level.  

Stormwater assets are presented in Figure 3.  

3.4.3 Floor Level Estimation 

Property floor level estimation was completed for all properties within the Marulan township. This 

process was undertaken by estimating the height between the ground level and the lowest habitable 

floor level. The ground level for each property was determined using LiDAR data. The floor level was 

determined by adding the LiDAR ground level to the estimated height from ground to floor level.  

The height from ground level and to the lowest habitable floor level was estimated, where possible, 

via Google StreetView for each property and, for newly built properties, using video footage taken 

on GRC site visits. Nearby physical features were used to aid the estimation of the ground to floor 

height, such as the number of bricks to the floor level or the height of a nearby garbage bin. During 

this process, additional information pertaining to each property was recorded such as the type of 

house construction and the number of storeys.  

For properties not visible from the street, the floor height relative to ground was set at 300 mm 

above ground level. 
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3.5 Hydrometric Data 

Recorded stream and rainfall data can be used to understand storm and flood event history in a 

study area, and where data permits can be used in calibration and validation of hydrologic/hydraulic 

models. Review of available stream gauges (see Section 3.5.1), pluviometers (see Section 3.5.2) and 

daily read rainfall data (see Section 3.5.3) was undertaken. It was found that insufficient hydrometric 

data was available to undertake an event-based calibration and instead a model validation approach 

was applied (see Section 9). 

3.5.1 Stream Gauge Data 

Several stream gauges are located in the Wollondilly River catchment upstream and downstream of 

Jaorimin Creek / Wollondilly River confluence and catchments proximate to the study area (see 

Figure 4). Analysis of the suitability for use in model calibration of each of these gauges was 

undertaken. Factors such as proximity of the study area, record period and the catchment areas to 

these gauges were considered. It was found that all gauges were situated outside of the catchments 

in the study area and no gauges were considered close enough to warrant extending the hydrologic 

model further downstream.  

3.5.2 Pluviometer Rainfall Data 

Pluviometer gauges continuously record rainfall (generally 5 minute intervals or less). This data is 

useful to understand temporal rainfall patterns as well as rainfall depths. Several pluviometer gauges 

within the Goulburn Mulwaree LGA were identified and assessed for suitability for use in the current 

study. Table 4 lists these gauges and Figure 4 shows the location of each of these pluviometer 

gauges.  

Table 4: Pluviometer Gauges 

Station Name 
Distance to Catchment 

Centroid (km) 
Period of Record 

(yrs) 
Source 

Bungonia (Inverary Park) (70012) 21 55 BOM 

Goulburn Airport AWS (70330) 26 12 BOM 

Bumana Creek at Norwood 25 20 Council 

Sooley Creek at Crookwell Road 28 14 Council 

Sooley Dam 29 16 Council 

Rossiville Weir 29 14 Council 

Wollondilly River at Cardross 36 20 Council 

Downstream Pejar Dam ~40 20 Council 

Pejar Creek upstream Pejar Dam ~40 14 Council 

Pejar Dam ~40 20 Council 

 

Due to significant variation in spatial rainfall during storm events, these pluviometer gauges are 

considered unsuitable to inform historic event rainfall at Marulan. However, rainfall statistics for the 

Bungonia (Inverary Park) and Goulburn Airport AWS gauges may be comparable, and these gauges 

have been selected for rainfall frequency analysis for validation of Intensity-Frequency -Duration 

(IFD) rainfall data (see Section 3.5.4.4) obtained from the Bureau of Meteorology (BOM).  

3.5.3 Daily Read Rainfall Data 

Daily read rainfall gauges provide a total recorded rainfall depth over a 24 hour period (from 9am 

to 9 am). These gauges are useful to inform spatial variations of rainfall during an event. However, 
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without pluviometer rainfall gauges to inform of temporal variation, daily gauges are of limited use 

in this study due to the small catchment sizes and short critical durations. Table 5 lists the gauges 

for which daily rainfall was obtained and Figure 4 shows their locations.  

Table 5: Daily Rainfall Gauges proximate to the study area 

Station 
No. 

Station Name 
Record 
Start 

Record 
End 

Distance to 
Catchment 
Centroid (km) 

Source 

070063 Marulan (George St) 1894 Present 1 BOM 

Submission from Community Member 2013 Present 1 Community Consultation 

070269 Marulan (Johnniefelds) 1972 Present 5 BOM 

070143 Brayton (Longreach) 1959 Present 9 BOM 

070119 Big Hill (Glen Dusk) 1944 Present 16 BOM 

068085 Nerriga (Tolwong) 1961 2020 20 BOM 

070012 Bungonia (Inverary Park) 1883 2021 21 BOM 

070355 Chatsbury (Chapmans Lane) 2009 2021 22 BOM 

070330 Goulburn Airport AWS 1994 Present 26 BOM 

070263 Goulburn TAFE 1971 Present 27 BOM 

070147 Goulburn (Hillwood) 1960 Present 29 BOM 

068249 Touga 2002 Present 30 BOM 

068008 Bundanoon (Ballymena) 1902 Present 30 BOM 

070174 Windellama (Pindaroo) 1999 Present 30 BOM 

 

3.5.4 Design Rainfall 

ARR2019 design rainfall IFD data, temporal patterns and Areal Reduction Factors (ARF) have been 

obtained from the BOM and ARR Data Hub. ARR1987 IFDs were also obtained from the BOM for 

comparison. This information is contained in APPENDIX C. IFD data describes the rainfall depths 

(mm) for a range of annual exceedance probabilities (AEP), for a range of durations (1 minute to 168 

hours), for any location in Australia.  

3.5.4.1 BoM IFD Data 

Image 4 presents a comparison between the ARR1987 and 2019 design rainfall depths at the Marulan 

catchment centroid. The plot shows that the ARR2019 rainfall depths have generally reduced (by up 

to 22%) for shorter durations (less than ~18 hours). For longer durations, these reductions are noted 

to have decreased by up to 10%.  
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Image 4: ARR1987 and ARR2019 IFD Comparison 

 

The Probable Maximum Precipitation (PMP) rainfall depths were calculated in accordance with the 

Generalised Short Duration Method (GDSM) (Bureau of Meteorology 2003). The catchment was 

defined as 100% ‘Rough’ as rough terrain was found within 20 km of the Marulan catchment area. A 

Moisture Adjustment Factor of 0.67 was applied. The Elevation Adjustment Factor of one was applied 

as catchment elevations do not exceed 1500 mAHD. PMP rainfall depths for various durations are 

presented in Table 6. The GSDM temporal pattern will be applied for future analysis of extreme 

events.  

Table 6: PMP Rainfall Depths at central ellipse 

Duration 
15 
min 

30 
min 

45 
min 

1 hr 1.5 hrs 2 hrs 2.5 hrs 3 hrs 4 hrs 5 hrs 6 hrs 

Rainfall 
depth 
(mm) 

150 220 290 330 430 500 550 600 690 760 800 

 

For comparison, the WMAwater (2016) study reported a 6 hour critical duration with a GDSM rainfall 

depth of 792 mm in the central ellipse. This aligns with the 800 mm calculated in the current study 

for the 6 hour duration (see Table 6) The WMAwater (2016) did not provide detail on the parameters 

adopted for the PMF calibration such as the Moisture Adjustment Factor and the adopted 

Smooth/Rough percentage (if any).  

3.5.4.2 Areal Reduction Factors 

An Areal Reduction Factor (ARF) of one has been applied due to the small catchment area and the 

risk of underestimating design flood estimates on major overland flow paths within the town. It 

should be noted that the area for the catchments to the town range from approximately zero to 10.5 

km2. For a catchment 10.5km2 in area, an ARF was calculated to range from 0.89-0.90 for the selected 
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1% AEP critical durations. Accordingly, design flood estimates are expected to be only slightly greater 

when applying an ARF of one. 

3.5.4.3 Rainfall Temporal Patterns 

Rainfall temporal patterns are used to describe how rainfall is distributed over time. The 

recommended ARR2019 ensemble approach to applying temporal patterns has been utilised in the 

current study. The ensemble approach to flood modelling applies a suite of 10 different temporal 

patterns for each duration. Point Temporal Patterns have been implemented for Marulan since the 

catchment is smaller than 75 km². The temporal patterns were obtained from ARR2019 for the ‘East 

Coast South’ region for the catchment area. Ensemble modelling techniques aim to overcome issues 

associated with the application of a single temporal pattern as per the methods used in ARR87. 

The study area is situated in the region defined as ‘East Coast South’ by ARR2019. However, the 

catchment is bounded by the ‘Southern Slopes Mainland’ (see Image 5) temporal pattern region and 

proximate to the ‘Murray Basin’ region. Accordingly, the catchment will likely experience a range of 

storm mechanisms and associated temporal patterns from all three regions. Given this, additional 

ensemble analysis was undertaken for the 1% AEP mainstream critical duration (2 hours) in the 

hydraulic model. This assessment compared the change in flood level for the selected critical 1% AEP 

mainstream event using the ‘East Coast South’ pattern (2 hour, storm 9 event) against the median 2 

hour results for the ‘Southern Slopes Mainland’ (see Image 6) and ‘Murray Basin’ (see Image 7).  

The results presented in Image 6 and Image 7 indicate that the selected 1% AEP design mainstream 

event using the ‘East Coast South’ temporal patterns produces slightly higher mainstream flood level 

than both the ‘Southern Slopes Mainland’ and ‘Murray Basin’ temporal patterns, however the 

difference is negligible in the context of freeboard. As such, the ‘East Coast South’ temporal pattern 

region has been utilised for the current study as recommended by ARR2019.  

 

Image 5: ARR2019 Temporal Pattern Regions 
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Image 6: Flood Level Impact of 1%AEP mainstream design (2 hour, Storm 9) against 1%AEP 2 hour ensemble using ‘Southern 

Slopes Mainland’ Temporal Patterns 
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Image 7: Flood Level Impact of 1%AEP mainstream design (2 hour, Storm 9) against 1%AEP 2 hour ensemble using ‘Murray 

Basin’ Temporal Patterns 

 

3.5.4.4 Review of IFD Data Accuracy Based on Local Gauge Data 

To assess the accuracy of the IFD data, rainfall frequency analysis of historical pluviometer data was 

undertaken and compared to IFD curves provided by the BOM. The analysis was undertaken for the 

Bungonia (Inverary Park) (70012) and Goulburn Airport AWS (70330) gauges which have 

approximately 55 and 12 years of continuous rainfall data respectively. The Bungonia (Inverary Park) 

gauge is situated ~21 km south of Marulan and the Goulburn Airport AWS gauge is located ~26 km 

southwest of Marulan.  

The gauge data was analysed and the annual maximum rainfall depth for various durations from 10 

minutes to 72 hours was extracted to develop an annual maximum series for each duration. The 

rainfall frequency analysis consisted of fitting the Generalised Extreme Value distribution to the 

annual maximum series, using the technique of LH-moments, which is consistent with methods 

recommended by the BOM.  

The results of this analysis are presented in Table 7 and Table 8 for the Goulburn Airport and 

Bungonia gauges, respectively. The expected quantile derived from the at-site analysis is presented 

as the solid blue line and the 90% confidence intervals are presented as the dashed lines. BOM IFD 

design rainfalls are presented as the red points.  

The analysis shows that the BOM IFDs are generally lower than the at-site frequency analysis, 

however for most durations and AEPs, not significantly so with a p > 0.1. The difference is less notable 

for longer durations which are likely to be critical for the study area.  
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The above analysis supports use of the ARR2019 IFDs for design flood estimation in the current study. 

However, considerable uncertainty is noted with differences in rainfall depth between the at-site 

analysis and ARR2019 IFDs noted to be up to 33% for the 1% AEP event, 60 minutes duration storm. 

It is proposed that flood risk associated with this uncertainty is managed through application of a 

freeboard developed during the FRMS (see Section 1.2) phase of the project. The freeboard would 

be developed in consideration of the design rainfall sensitivity analysis presented in Section 10.6. 

 

Table 7: Comparison of at-site frequency analysis and ARR2019 IFDs for Goulburn Airport AWS (#70330) 

  

  

  

 

 

 

ARR2019 IFD Rainfall Depth 

At-site Expected Quantile 

90% Confidence Limits 
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Table 8: Comparison of at-site frequency analysis and ARR2019 IFDs for Bungonia (Inverary Park) (#70012) 

  

  

  

 

 

 

 

4. COMMUNITY CONSULTATION 

Community consultation was undertaken in late 2021 to inform the community of the study, obtain 

community input, identify community concerns and develop community confidence in the study 

through collaboration. The consultation included a media release, newsletter/questionnaire and a 

website.  

4.1 Newsletter and Questionnaire 

A newsletter and questionnaire were developed for the Marulan community in collaboration with 

Council. The newsletter introduced the study and its objectives and requested information via the 

questionnaire. The newsletter and questionnaire were distributed to all property owners within the 

Marulan locality. This newsletter and questionnaire are presented in APPENDIX B. Community 

members were able to participate in the questionnaire either via return of the paper questionnaire, 

email or submission on Council’s website. Figure 5 presents the distribution of questionnaire 

responses received.  

ARR2019 IFD Rainfall Depth 

At-site Expected Quantile 

90% Confidence Limits 
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Newsletters and questionnaires were distributed by Council and 28 responses were received from 

the community. Approximately 68% of respondents indicated that they were aware of flooding from 

overland flow in their area. Around 25% of replies indicated that they had experienced flooding in 

their yard or garage, with one respondent noting flooding above their floor level at their property. 

These results highlight there is a general awareness of flooding in Marulan and the potential for 

flooding to impact on properties.  

The questionnaire asked the community about the management of flood related development 

controls within the floodplain and the varying degrees of restrictions that can be applied. 

Approximately 71% of respondents selected that property owners should be informed of potential 

flood risks and flood related development controls on their property and allow for development 

provided these controls are adhered to. These results will inform the implementation of flood related 

development controls for properties within the final Flood Planning Area, undertaken during the 

Floodplain Risk Management Study and Plan. 

The questionnaire provided a range of mitigation measures to manage flood risk and asked 

community members to select their preferred measures. Approximately 57% of respondents selected 

an increase in flood awareness and education in the community as a preferred measure, while 50% 

of respondents identified modifying creeks and channels to increase their capacity. Other popular 

measures included imposing greater flood related development controls and increase strategic flood 

planning (46%), constructing, repairing and/or increasing the size of existing levee banks (36%) and 

property modification measures for severely affected properties such as voluntary purchase or 

voluntary house raising (32%). Consideration of these community preferences will be taken into 

account when deriving and assessing potential flood management measures which will be 

undertaken during the Floodplain Risk Management Study and Plan.  

4.2 Follow up Consultation 

Additional consultation was undertaken by GRC Hydro engineers on 27 April and 11 May 2022. This 

involved conducting one on one follow up meetings with willing community members who returned 

questionnaire responses. Five meetings have been undertaken where community members have 

provided valuable knowledge of the flooding in Marulan and where available provided flood photos 

and videos. Community members were shown preliminary 1% AEP flood mapping in their area and 

were able to confirm the flood behaviour shown adding detail and insight where necessary. 

The process highlighted flooding hotspots listed in Section 2.2 and shown in Figure 1. The 

consultation findings will help refine development of the flood model in these areas, as well as 

providing focus areas for future development of flood management measures as part of the FRMS. 

4.3 Future Consultation 

Additional community consultation will next be undertaken during public exhibition of the draft 

Flood Study and Floodplain Risk Management Study and Plan. 
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5. FLOOD MODELLING OVERVIEW 

Computer models can be used to simulate a catchment’s rainfall/runoff response and flood 

behaviour for a particular area of interest. The overall modelling system is typically comprised of: 

• Hydrologic model - a computer software tool that simulates catchment processes which 

affect how rainfall is converted into runoff; and a 

• Hydraulic model - a computer software tool that simulates the flow characteristics of a river, 

creek, channel or overland flow path in terms of flood extent, depths, levels and velocities.  

To model flood behaviour for Marulan, the development of both hydrologic and hydraulic models 

has been undertaken as part of a joint modelling exercise. The system was used to firstly convert 

rainfall into flow via the hydrologic model, and then the hydrologic model flows were applied to the 

hydraulic model to define flood depths, extents and velocities. The details of the hydrologic model 

development are presented in Section 6 and the hydraulic model development is discussed in Section 

7. 

To improve confidence in model results, model validation (see Section 9) was undertaken using 

various methods including comparison of design flow estimates to RFFE and ARR1987 methods. 

Further validation of the applied modelling techniques was made by comparing model results to 

direct rainfall modelling methods. Comparison of flood observations submitted by the community 

to design flood results serves as validation of the hydraulic model and as verification of design flow 

estimates. 

 

 

6. HYDROLOGIC MODEL 

6.1 Overview 

A hydrologic model was developed to convert rainfall into runoff for application to the TUFLOW 

hydraulic model. The hydrologic model aims to produce probability neutral flows, whereby the 

expected probability of the model runoff is the same as that of the applied rainfall.  

Selection of the hydrologic modelling software used in the current study was based on current and 

future land use within the study area and the limited availability of historical flood data for 

calibration/validation of the hydrologic model. For rural catchments, software such as XP-RAFTS and 

WBNM are commonly used. The DRAINS hydrologic modelling software is preferred for modelling 

runoff in urbanised catchments.  

For the current study, the DRAINS software was used with the XP-RAFTS engine and parameters 

applied. Given that the study area is predominately rural but significant urbanisation is proposed in 

the future, the DRAINS/XP-RAFTS modelling approach allows for future updates to be easily 

implemented for proposed development areas. Furthermore, the XP-RAFTS engine allows for input 

of catchment characteristics, such as catchment slope and roughness with the catchment hydrologic 

response implicitly assessed. Whilst calibration of these parameters is desirable, the applied 

characteristics can be based on survey/observed information and do not need to be assumed. This 
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allows for a consistent approach to modelling catchments across the study area without the need 

for assuming catchment runoff coefficients or similar parameters. This was useful for the current 

study as the availability of nearby hydrometric data for calibration was limited (see Section 3.5).  

6.2 Hydrologic Model Build 

6.2.1 Sub-Catchment Delineation 

Sub-catchment delineation is a key process undertaken in the development of a detailed hydrologic 

model. This exercise defines how various areas of the overall catchment drain locally. These sub-

catchments are input into the hydrologic model for the derivation of peak flows throughout the 

study area.  

Topographic LiDAR and drainage network data (discussed in sections 3.4.1 and 3.4.2, respectively) 

as well as preliminary direct rainfall hydraulic model outputs (see Section 9.2.1) were used for sub-

catchment delineation. This process ensured that key flowpaths were identified and sub-catchments 

were delineated accordingly. In total, 1402 sub-catchments were delineated with an average 

catchment area of 2.5 hectares and median of 1.2 hectares. These catchments are shown in Figure 6. 

A staged process was undertaken to derive sub-catchment slopes along the catchment stream 

length. For a sample of 42 sub-catchments spread throughout the study area, the stream length and 

catchment slope were manually calculated. These sample sub-catchments included both urban and 

mainstream rural catchments. An automated slope from the topographic LiDAR data was then output 

for every sub-catchment. A relationship was derived between these two outputs, the calculated slope 

and automated slope for the sampled sub-catchments. This relationship was then applied to all 1402 

sub-catchments within the study area and these slopes were used to input into the hydrologic model. 

6.2.2 Percentage Impervious 

Urbanisation results in increased impervious areas due to development such as pavements, roads 

and buildings. Rainfall that lands on these surfaces typically produces significantly higher runoff rates 

than pervious areas as there is less opportunity for rainfall in these areas to be intercepted by 

processes such as infiltration.  

A key process undertaken in the development of a hydrologic model is determining the percentage 

impervious for each sub-catchment. This analysis was undertaken within the study area based on the 

land-use category. For each land-use category, a sample block of land was selected and the 

impervious surfaces within this area were digitised in GIS based on inspection of aerial imagery. The 

percentage impervious for this area was then calculated and adopted for each land use. Image 8 

presents an example of this process undertaken for the General Residential land use. Table 9 

summarises the impervious percentages assigned for each land-use category and the applied 

impervious percentages are shown in Figure 7. 
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Image 8: General Residential Land Use – Impervious Surfaces 

 

Table 9: Applied Impervious Percentages 

Land Use Calculated Percentage Impervious (%) 

Hume Highway 50 

Light Industrial 45 

Enterprise Corridor 43 

General Industrial 43 

General Residential 42 

Local Centre 34 

Large Lot Residential 11 

Public Recreation 15 

Undeveloped areas 0 

 

6.2.3 Design Rainfall  

The ARR2019 rainfall parameters described in Section 3.5.4 have been used for design flood 

modelling. 

6.2.4 Design Rainfall Losses 

The ARR 2019 (Ball, et al. 2019) recommended approach to applying rainfall losses has been 

superseded by the Floodplain Risk Management Guide (Office of Environment and Heritage 2019) 

which provides guidance on the application of loss coefficients obtained from the ARR Data Hub. 

Based on these guidelines, probability neutral burst initial losses have been applied to the ARR Data 

Hub initial loss and a NSW adjustment factor of 0.4 has been applied to the continuing loss obtained 

from the ARR Data Hub. 

Table 10 presents the probability neutral burst initial loss which were applied to the hydrologic model. 

The ARR Data Hub continuing loss of 3.1 mm/h was then adjusted to 1.24 mm/h based on the 

Floodplain Risk Management Guide. APPENDIX C provides the ARR Data Hub output including 

design probability neutral losses for durations up to 72 hours. 
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Table 10: ARR2019 Design Probability Neutral Losses (mm) 

min (h) \ AEP (%) 50 20 10 5 2 1 

60 (1.0) 11.4 7.5 7.1 7.6 6.6 4.4 

90 (1.5) 11.8 8.1 7.8 8.4 7.4 4.8 

120 (2.0) 12.1 8.5 8 8.4 7 4.1 

180 (3.0) 11 7.5 7.1 7 6.9 4.6 

360 (6.0) 11.9 8.1 8 6.9 5.5 1.5 

720 (12.0) 11.6 7.5 7.1 6.1 7 2.1 
*  Note for events shorter than 60 min, the 60 min loss has been used (excluding the PMF). 

** Note for events rarer than 1% AEP, the 1% AEP loss has been used (excluding the PMF). 

*** For duration not listed, losses were interpolated between durations. 

6.2.5 Other Hydrologic Model Inputs 

The hydrologic model utilises the following additional data to derive flow hydrographs: 

• Lag times for inter-catchment routing; 

• Roughness value based on surface type; 

• A bx factor ; and 

• A rainfall multiplier to apply spatially varying rainfall. 

For sub-catchments upstream of the hydraulic model extent, sub-catchment routing was undertaken. 

Lag times for inter-catchment routing were determine using the major flow path length (L) and slope 

(S) and the formula outlined in the Laurenson’s method (lag time =  L / S 0.5). 

A global roughness value of 0.04 was applied to the hydrologic model which is representative of 

the rural nature of the total catchment area. 

The default storage routing coefficient multiplier (bx factor) of 1.0 was adopted. Use of the default 

bx parameter provided an acceptable match from the hydraulic model to the RFFE derived flows 

(see Section 9.2.1). 

A spatially varying rainfall multiplier was applied to each individual sub-catchment in the 

hydrologic model to account for the spatial variation of rainfall across the entire catchment area. 

 

 

7. HYDRAULIC MODEL 

7.1 Overview 

Hydraulic models are used to produce flood depths, levels and velocities across the study area, based 

on the inflow hydrographs output from the hydrologic model. The current study has established a 

hydraulic model for Marulan based on the TUFLOW software. TUFLOW is a hydrodynamic modelling 

program that represents the floodplain as a grid of cells and resolves flow behaviour using a finite 

difference or volume methods.  

TUFLOW version ‘2020-10-AB’ was used with the Single Precision HPC solver. A 2 m model grid 

resolution was used for design flood modelling on that basis that; it is fit for purpose, and the smallest 

grid cell that can be reasonably utilised given the available topographic data and achieves reasonable 
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runtimes. The hydraulic model extent and the model schematisation is shown in Figure 8. The 

sensitivity of the model results to the adopted values and boundary conditions will be assessed in 

Milestone 3.  

A 4 m grid resolution model was also setup for the critical duration assessment, sensitivity analysis 

and general model testing.  

7.2 Hydraulic Model Development 

7.2.1 Topographic LiDAR Data 

The TUFLOW hydraulic model uses the 1 m LiDAR survey and the Moss Vale 2 m resolution LiDAR. 

The LiDAR survey has been used in preference to the Moss Vale dataset where overlap occurs. These 

datasets are described in Section 3.4.1 and depicted in Figure 2. 

7.2.2 Hydraulic Features 

Topographic elements such as road profiles, buildings, railway lines and dam crest levels have a 

significant effect on flood behaviour. These features have been represented in the hydraulic model 

using breaklines along crest and invert levels inspected from the LiDAR data described in Section 

7.2.1. These features are presented in Figure 8. 

Buildings can block and divert flood waters and therefore have a significant effect on flood behaviour. 

Accordingly, aerial imagery was used to outline building footprints in the Marulan study area. These 

were blocked out of the TUFLOW model (shown in Figure 8). 

There are many farm dams within the study area. The crest levels of these dams were represented 

using breaklines and initial water levels were set at the spillway level for each dam. 

7.2.3 Hydraulic Structures 

The drainage network, presented in Section 3.4.2 and shown in Figure 3, was incorporated into the 

TUFLOW model as one-dimensional model elements. Drainage characteristics were based on the 

information described in Section 3.4.2 with pipes and culverts modelled as either: 

• Rectangular (“R” type) conduits such as box culverts; 

• Circular (“C” type) conduits such a pipes; or 

• Irregular (“I” type) conduits such as arch culverts through the rail embankment.  

For example, the rail culvert upstream of Morris Place was modelled as an irregular culvert type (arch 

shape), with a blockage factor (10%) applied to account for blockage caused by a watermain which 

passes through the culvert. An additional blockage factor was also applied to account for potential 

blockage due to debris (see Section 7.2.3.1). 

Pit inlet ratings were applied using ‘Q’ type inlets with rating characteristics developed using the 

‘Anstad Pty Lty Generic Pit Inlet Capacity Calculator (2015)’. Pit dimensions/characteristics were 

estimated using visual estimates/LiDAR for areas where dimensions were not available.  

The bridge over Jaorimin Creek on Brayton Road has been incorporated into the TUFLOW model as 

a 2d element. The dimensions of this structure were determined using inspection of LiDAR data and 

measurements taken during the GRC Hydro site visit on 27/04/2022. Form losses for this structure 
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were determined using the methodology presented in Hydraulics of Bridge Waterways (FHWA, 1978) 

and ‘TUFLOW Classic and HPC 2020-01 and 2020-10 Release Notes’. 

7.2.3.1 Structure Blockage 

The capacity of drainage systems and hydraulic structures can be significantly impacted by blockage. 

Blockage will tend to occur in the presence of suitably sized debris. In rural settings, drainage systems 

can be subject to blockage from vegetation and sediments. In urban areas blockage can occur from 

a variety of materials such as garbage, shopping trolleys, garbage bins and cars.  

ARR2019 provides guidance on appropriate design blockage for structures. The design blockage is 

the blockage condition that is most likely to occur during a given design storm and needs to be an 

‘average’ of all potential blockage conditions to ensure that the calculated design flood events reflect 

the defined probability.  

The ARR2019 guidelines consider blockage due to various sources, allowing for the factors listed 

below: 

• Debris Type and Dimensions - Whether floating, non-floating or urban debris and typical 

sources and sizes; 

• Debris Availability – The volume of debris available in the source area; 

• Debris Mobility – The ease with which available debris can be moved into the stream; 

• Debris Transportability – The ease with which the mobilised debris is transported once it 

enters the stream; and 

• Structure Interaction – The resulting interaction between the transported debris and the 

bridge or culvert structure. 

A blockage assessment was undertaken in accordance with ARR2019. The blockage L10 was 

estimated to be 3 m with ‘floating’ type debris found to be critical for most structures. Further details 

of the assessment are presented in APPENDIX D. Table 11 presents the applied blockage factors for 

structures dependant on size. 

Table 11: Adopted Structure Blockage 

 

 

 

 

Anecdotal evidence of structure blockage upstream of the railway was received during the 

community consultation process, and site visits by Council and DPE staff observed blockage of the 

railway culvert near Goulburn Street. The rail corridor is elevated which creates the potential for 

significant sensitivity to blockage of cross drainage structures. Sensitivity analysis was undertaken 

(see Section 10.2) with the results discussed by Council / DPE and GRC Hydro staff. It was agreed that 

an extreme blockage scenario for cross drainage structures within the rail corridor would be 

incorporated into the 1% AEP flood envelope (along with the design blockage scenario). The extreme 

blockage factors were defined as ‘3 x design blockage’. The applied blockage factors for the rail 

corridor cross drainage structures are shown in Table 12.  

Event AEP 
Blockage % 

Inlet opening  
< 3 m 

Inlet opening  
≥ 3 m and < 9 m 

Inlet opening  
≥ 9 m 

AEP > 5% 25% 0% 0% 

AEP 5% - AEP 0.5% 25% 0% 0% 

AEP< 0.5% 50% 15% 15% 
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Table 12: Adopted Structure Blockage along ARTC Railway in 1% AEP event envelope (design blockage / extreme blockage) 

 

 

 

Management measures to minimise the likelihood and impact of structure blockage will be 

investigated during the Floodplain Risk Management Study (see Section 1.2) phase of the project. 

7.2.4 Hydraulic Roughness 

The hydraulic roughness of a surface will affect conveyance based on the amount of frictional 

resistance that the water experiences. As such, TUFLOW applies a Manning’s roughness coefficient 

(‘n’) to different surface types. 

Analysis of aerial imagery and land use categories were used to apply relevant hydraulic roughness 

values throughout the study area. These values were also informed based on knowledge from site 

inspections and verified via comparison with Chow (1959), Henderson (1966) and ARR2019 guidelines. 

The Manning’s values adopted for the current study are presented in Table 13 and shown in Figure 

8. 

Table 13: Adopted Manning’s ‘n’ values 

Surface Type Manning’s ‘n’ value 

Overbank/grassed areas (default) 0.06 

Roadways 0.02 

Railway 0.03 

Riparian Vegetation 0.08 

Sparse Vegetation 0.07 

Dense Vegetation 0.08 

 

7.2.5 Boundary Conditions 

7.2.5.1 Inflows 

Flow hydrographs generated in the hydrologic model were applied as inflow for the hydraulic at 

upstream model boundaries and for at the downstream of each sub-catchment within the TUFLOW 

model domain. Where possible, these inflows were applied to pit locations at the downstream of 

each sub-catchment. 

7.2.5.2 Downstream Boundaries 

The downstream model boundaries were input as water level versus flow (H/Q) boundaries whereby 

TUFLOW automatically generates a relationship between water level and flow based on the slope of 

the waterway.  

  

Event AEP 
Blockage % 

Inlet opening  
< 3 m 

Inlet opening  
≥ 3 m and < 9 m 

Inlet opening  
≥ 9 m 

1% AEP 25% / 75% 0% / 0% 0% / 0% 
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8. DESIGN FLOOD MODELLING 

8.1 Overview 

Design flood behaviour at Marulan has been assessed for the 20%, 10%, 5%, 2%, 1%, 0.5%, 0.2% AEP 

and PMF events using ARR2019 techniques. Applied hydrologic and hydraulic model parameters are 

described in Section 6 and 7. 

8.2 Critical Duration Assessment 

ARR2019 recommends an ensemble approach to flood hydrology which requires analysis of multiple 

storm temporal patterns (typically 10) for each storm duration. In-line with this approach, an 

ensemble of 10 temporal patterns for each storm duration and AEP were modelled in the hydraulic 

(TUFLOW) model. This required the assessment of 770 individual storm events. A 4 m grid resolution 

model was used for the critical duration assessment. Table 14 presents the durations assessed for 

each AEP.  

Table 14: Design Events and Durations Assessed 

 

 

 

 

 

 

The critical storm for each duration was determined to be the storm temporal pattern that produced 

the median flood level within the ensemble. Critical storms for each duration were enveloped and a 

critical duration assessment was undertaken by determining which storm duration resulted in the 

highest peak flood level for each AEP event.  

To reduce the number of flood model runs for future analysis, representative temporal patterns were 

selected and compared to the peak flood envelope for each duration and design event. The 

difference between the selected durations/storms and the maximum flood level result is shown in 

APPENDIX E (Figure E 1 to Figure E 7), noting minimal differences in flood level which confirms that 

the selected representative storms are suitable for the ensuing analysis.  

Table 15 summarises the critical storms and durations selected for each design event.  

Event (AEP) Durations Assessed (min) No. Model Iterations 

20% 20, 25, 30, 45, 60, 90, 120, 180, 270, 360, 540 110 

10% 20, 25, 30, 45, 60, 90, 120, 180, 270, 360, 540 110 

5% 20, 25, 30, 45, 60, 90, 120, 180, 270, 360, 540 110 

2% 20, 25, 30, 45, 60, 90, 120, 180, 270, 360, 540 110 

1% 20, 25, 30, 45, 60, 90, 120, 180, 270, 360, 540 110 

0.5% 20, 25, 30, 45, 60, 90, 120, 180, 270, 360, 540 110 

0.2% 20, 25, 30, 45, 60, 90, 120, 180, 270, 360, 540 110 

Total 770 
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Table 15: Selected Critical Durations and Storms 

Event (AEP) Critical Durations (min) Critical Storm Temporal Patterns  

20% 60, 120, 180 
TP 6 (60 & 180) 
TP 5 (120) 

10% 60, 90, 180 
TP 7 (60 & 90) 
TP 4 (180) 

5% 60, 90, 180 
TP 3 (60) 
TP 7 (90) 
TP 4 (180) 

2% 45, 120, 180 
TP 6 (45) 
TP 2 (120) 
TP 9 (180) 

1% 45, 120, 180 TP 9 (45, 120 & 180) 

0.5% 45, 120, 180 
TP 6 (45) 
TP 2 (120) 
TP 9 (180) 

0.2% 45, 120, 180 
TP 6 (45) 
TP 9 (120 & 180) 

PMF 30, 60, 150 GSDM temporal pattern 

 

8.3 Design Flood Results 

8.3.1 Flood Depths and Level Mapping 

Peak flood depth and level mapping for the full range of design events (20% AEP to PMF event) are 

presented in Figure 10 to Figure 17. Water surface profiles along the Central Flow Path and Northern 

Flow Path within Marulan town are presented in Figure 18 and Figure 19, respectively, with profile 

line locations shown in Figure 10.  

Peak flood results described herein are an envelope of the critical durations and storms presented 

in Table 15. The 1% AEP flood envelope also incorporates extreme blockage conditions for the rail 

cross drainage structures as described in Section 7.2.3.1. 

8.3.2 Flood Hazard 

Flood hazard is defined as a source of potential harm or a situation with the potential to result in 

loss. For this study flood hazard categories have been calculated in accordance with the Australian 

Emergency Management Handbook 7 Guideline (Australian Disaster Resilience Handbook 7 2017) 

and ARR2019 (Ball, et al. 2019). This considers the threat to people of various ages (children, adults) 

and to the community interacting with floodwaters (pedestrians, vehicles and those within buildings). 

Image 9 and Table 16 presents the relationship between the velocity and depth of floodwaters and 

the corresponding classification. 



 

GRC Hydro MARULAN FLOOD STUDY 40 

DRAFT FLOOD STUDY REPORT 

Image 9: Australian Institute of Emergency Management Flood Hazard 

 

Table 16: Flood Hazard – Vulnerability Thresholds 

 

Figure 20 to Figure 23 present the flood hazard classifications for the 5% AEP, 1% AEP, 0.2% AEP and 

PMF events. Most of the urban areas and land marked for future development are subject to H1 

hazard classification flooding in the 1% AEP event which is considered to be generally safe for most 

land uses. Areas of greater flood hazard within Marulan town, typically occur behind raised 

obstructions such as the ARTC Railway, Maclura Drive and Brayton Road.  

For events up to and including the 0.2% AEP flood, flood hazard categories affecting dwellings is low 

(H1 to H2). High hazard flow paths (typically H3 with areas of H4) through property are noted, which 

could impact on access. During the PMF, high hazard (H3 to H5) flood conditions affect properties 

upstream of the rail embankment on the Central and Northern Flow Paths. Other dwellings are 

predominately subject to low hazard conditions during this event. 

Hazard Classification Description 

H1 Generally safe for vehicles, people and buildings. 

H2 Unsafe for small vehicles 

H3 Unsafe for vehicles, children and the elderly 

H4 Unsafe for vehicles and people 

H5 
Unsafe for vehicles and people. All buildings vulnerable to structural 

damage. Some less robust buildings subject to failure. 

H6 
Unsafe for vehicles and people. All building types considered vulnerable 

to failure. 
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There are a number of large farm dams in the study area which have the potential to result in high 

hazard flood conditions if a breach to the dam embankment were to occur. This risk has not been 

considered as part of this flood study. 

 

 

9. MODEL VALIDATION 

9.1 Overview 

Typically, in the development of a hydrologic/hydraulic modelling system a calibration and validation 

process is undertaken as a means of ensuring the system’s suitability for use as a flood estimation 

tool.  

In a flood study, calibration is often undertaken using recorded hydrometric data (see Section 3.5) 

for known flood events. This data is then compared against outputs from the hydrologic and 

hydraulic models for these same events. Parameters within these models are then adjusted based 

on known catchment characteristics to achieve a suitable match to the recorded datasets.  

Subsequently, model validation is undertaken as a means of confirming that the hydrologic/hydraulic 

modelling system is functioning as expected and the desired outcome is achieved. This process can 

be undertaken a variety of ways such as comparison to known peak flood estimates from flood 

models in the vicinity, comparison to Regional Flood Frequency Estimation (RFFE), assessment of unit 

flow rates calculated for the study area and vicinity or a comparison to observed flood behaviour 

from community submissions.  

9.1.1 Data Availability 

The availability of hydrometric data, proximate to the study area, was assessed in Section 3.5. This 

process highlighted that there was a scarcity of stream and pluviometer gauged data in the vicinity. 

Factors such as distance to the study area, record period and the catchment area to these gauges 

were considered in this assessment. There are a number of daily read rainfall gauges surrounding 

the study area, however these are of limited value for calibration as short duration storm events are 

responsible for flooding at Marulan. Ultimately, no gauges were found to be suitable for calibration 

of the hydrologic and hydraulic models.  

9.2 Validation Approach 

In the absence of recorded rainfall data, calibration of the hydrologic and hydraulic models was not 

able to be undertaken in the current study and model validation approaches were applied.  

9.2.1 Direct Rainfall Modelling 

The direct-rainfall modelling methodology directly applies rainfall to individual cells of the 2D 

hydraulic model. ‘Traditional’ flood modelling typically utilises two individual models; a hydrologic 

model which simulates the rainfall-runoff process of a catchment, and a hydraulic model which uses 

flow from the hydrologic model to produce flood behaviour such as flood levels, depths and 

velocities. The direct-rainfall method is particularly useful for overland flow flood modelling and for 
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the identification of flow paths for catchment delineation. The current study has adopted an iterative 

direct rainfall approach as a means of validation of the hydrologic and hydraulic modelling system. 

Initially, preliminary direct rainfall modelling was undertaken using an estimated critical duration and 

storm for the 1% AEP event. The output from this modelling was utilised in the identification of flow 

paths and the delineation of sub-catchments for the hydrologic model (see Section 6.2.1). This 

process ensured that sub-catchments were delineated along all key flow paths within the study area.  

As a working hydrologic model was developed, a critical duration and storm was extracted from the 

routed catchments at the upstream of the hydraulic model. The critical duration and storm was 

applied to the direct rainfall model as means of verifying the sub-catchment delineation process.  

Finally, the identification of flow paths and delineation of sub-catchments were checked further after 

the hydraulic model was developed and the critical 1% AEP durations and storms were established. 

Image 10 (below) compares the flood extents between the 1% AEP direct rainfall model (trimmed to 

0.1 m depth) and design 1% AEP event (trimmed to 0.05 m depth).  

Image 10: 1% AEP Flood Extent Comparison between adopted Hydraulic Model and Direct Rainfall Model 

As evident in Image 10, the 1% AEP extents of the direct rainfall model and the design hydraulic 

model are very similar. The iterative use of direct rainfall modelling has assured that the adopted 
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hydrologic/hydraulic modelling system has effectively modelled all key flow paths within the study 

area.  

9.2.2 Flow Comparison to RFFE 

ARR2019 Regional Flood Frequency Estimation (RFFE) is an approach used to derive peak flows in 

ungauged areas based on flows and catchment characteristics in nearby gauged catchments. While 

these techniques are subject to uncertainty, particularly compared to gauged catchments with long 

record periods, they provide flow estimates that are indicative of those produced in the vicinity and 

highlight any inconsistencies where model revision may be required.  

The current study has compared peak flows derived in the hydraulic model against RFFE. This process 

was undertaken using hydraulic model outputs since flows output from the hydrologic model have 

been primarily routed in the TUFLOW model. 

Table 17 presents the 1% AEP RFFE and hydraulic model derived flows for a range of catchments 

depicted in Image 11.  

Table 17: Flow Comparison between RFFE and Hydraulic Model 1% AEP Flows 

Catchment 
ID 

Catchment Area 
(km2) 

RFFE Derived 
Peak Flow 

(m3/s) 

Hydraulic Model 
Derived Peak Flow 

(m3/s) 

Percentage 
Difference 

1 10.5 68.7 66.1 -4% 

2 0.7 7.5 7.0 -8% 

3 1.8 17.2 18.6 7% 

4 1.0 12.9 13.0 1% 

5 1.3 15.2 12.8 -19% 

6 0.7 9.3 8.6 -7% 

7 0.4 6.1 5.4 -13% 

8 0.6 7.3 6.3 -16% 

9 0.7 8.6 8.5 -1% 

Average -7% 

Image 11: Catchments used for RFFE Comparison 
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This comparison found that, generally, smaller catchment areas yielded larger flow differences 

between the RFFE and hydraulic model derived flows, with the hydraulic model flows typically being 

lower than the RFFE flows. However, ARR2019 cautions that there are only a few gauged catchments 

smaller than 10 km2 within the RFFE database and states that “Because of this limited available data, 

it is likely that there will be a higher degree of error in quantile estimates for these smaller catchments” 

(Ball, et al. 2019). Given this, the current analysis has placed a higher degree of scrutiny on the larger 

catchment areas such as catchment #1. 

In general, flow differences between these two models were within 10% of each other with the 

exception of catchments #5, #7 and #8. Given the small catchment areas for catchments #7 and #8, 

this level of difference if considered reasonable. Catchment #5 contains a large number of farm 

storages downstream of the Marulan township, which has resulted in the attenuation of flow in the 

hydraulic model and a higher degree of difference from the RFFE 1% AEP flows.  

Additional comparisons against RFFE were undertaken for the 5%, 10% and 20% AEP events. This 

assessment found that for these events the hydraulic model generally produces higher flows than 

those derived from RFFE. Chart 1 presents a comparison of the hydraulic model flows against RFFE. 

Chart 1: Flow Comparison between RFFE and Hydraulic Model Peak Flows 

 

When considering RFFE flow estimates, it is important to note that ARR2019 states “that the relative 

accuracy of regional flood estimates using the RFFE model is likely to be within ±50% of the true value” 

(Ball, et al. 2019). Specifically, RFFE flow estimates at these locations have been determined from 15 

gauges with an average record length of 35 years (max length 82 years). The accuracy of flow 

estimates derived from short record periods are expected to be of low confidence for rare events. 
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Overall, this assessment shows a reasonable match between the hydraulic model derived flows and 

the RFFE flows. For all events assessed, hydraulic model flow estimates were contained within the 

RFFE’s 90% confidence limits. This analysis validates the model derived design flow estimates.  

9.2.3 Comparison of ARR1987 and ARR2019 

A comparison has been undertaken between the hydraulic model results produced when ARR1987 

techniques are utilised in the hydrologic/hydraulic model against the ARR2019 techniques that have 

been adopted. An initial loss of 20 mm and continuing loss of 1.95 mm/h was adopted for the 

ARR1987 model based on the calibrated losses from the Wollondilly and Mulwaree Rivers Flood 

Study (WMAwater 2016). Table 18 presents these losses and the losses utilised in the ARR2019 1% 

AEP event. ARR1987 design rainfall depths were adopted at the catchment centroid. The ARR1987 2 

hour and 9 hour durations were modelled and results were enveloped.  

Table 18: Adopted 1% AEP event losses for ARR1987 and ARR2019 

1% AEP event 
Initial Loss  

(mm) 
Continuing Loss 

(mm/hr) 

ARR1987 
(WMAwater 2016) 

20 1.95 

ARR2019 9.4 - 9.9 1.24 

 

Table 19 presents the 1% AEP peak flows from the hydraulic model for both ARR1987 and ARR2019 

at several locations within the study area. Figure 9 presents the 1% AEP peak flood level impact 

between these two scenarios. 

Table 19: Flow Comparison between 1% AEP ARR2019 and ARR1987 Hydraulic Model Outputs 

Catchment ID 
(see Image 12) 

Hydraulic Model Derived 1% AEP Peak Flow (m3/s) Percentage 
Difference ARR2019 ARR1987 

1 66.1 73.7 -11% 

2 7.0 5.8 16% 

3 5.2 5.5 -6% 

4 18.6 18.9 -2% 

5 13.0 12.0 8% 

6 12.8 12.4 3% 

7 5.0 4.6 8% 

8 8.6 8.0 8% 

9 4.6 4.7 -2% 

10 11.7 13.3 -14% 

11 5.4 5.1 5% 

12 6.3 6.4 -1% 

13 57.9 75.4 -30% 

Average -1% 
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Image 12: Catchments used for ARR1987 and ARR2019 Comparison 

 

 

The flows presented in Table 19 show a reasonable match between hydraulic model flows using 

ARR2019 and ARR1987 techniques with an overall average percentage difference of -1% indicating 

limited bias is present. For larger catchments, the ARR1987 model flows are higher than the ARR2019 

flows. This discrepancy is likely due to the design rainfall differences between ARR2019 and ARR1987 

(discussed in Section 3.5.4 and shown in Image 4), whereby for the 2 hour and 9 hour durations the 

ARR1987 rainfall depths are significantly higher than the ARR2019 for the critical 45 minute, 2 hour 

and 3 hour events. 

Figure 9 depicts the 1% AEP peak flood level impact between these scenarios. These impacts are 

within ±0.25 m with the greatest differences occurring within the creeks (Jaorimin Creek, Woolshed 

Creek and Marulan Creek) and along smaller overland flow paths. In the creeks, these flood level 

impacts are consistent with the rainfall differences between ARR2019 and ARR1987 resulting in higher 

flood levels in the ARR1987 model. Furthermore, in the smaller catchments where shorter durations 

govern, the adopted losses (see Table 18) have a greater influence on the total percentage of rainfall 

that is lost and as such, flood levels in the ARR2019 event are slightly higher in these areas. 

In summary, the analysis above using ARR2019 and ARR1987 inputs in the hydraulic model has 

resulted in peak flood levels and flows which are consistent with the expected results given the 

differences in applied rainfall and losses. The differences between the applied approaches are well 

within a standard freeboard of 0.5 m and accordingly, it is recommended that ARR2019 methods 
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and parameters are applied to maintain consistency with current best practice. These differences will 

be examined more closely in the Floodplain Risk Management Study (FRMS) and these uncertainties 

will be considered through a freeboard assessment.  

9.2.4 Comparison of Model Results to Flood Observations 

The community consultation process (see Section 4) provided the opportunity for residents to submit 

historic flood observations, photos, and videos. These submissions, along with Council records of 

flooding, have provided information for validation of the hydrologic/hydraulic modelling system. In 

the ensuing sections, a review of this data has been undertaken and compared to the 1% AEP outputs 

from the hydraulic model. 

9.2.4.1 Morris Place 

Council records and submissions from residents during the community consultation highlighted that 

an overland flow path carries flood waters along the front driveways and yards of properties on the 

eastern side of Morris place. Photos and videos were submitted by the community to depict this 

flood mechanism. Community consultation responses noted that flooding had occurred at this 

location more than nine times between December 2018 and March 2022.  

Results were extracted from the flood model and the following images provide a comparison 

between the observed flood behaviour and the modelled flood behaviour.  

 

Image 13: (above) Morris Place looking east (see green arrow 

in Image 15 for location of photograph) 

Image 14: (right) Morris Place looking north (see red arrow in 

Image 15 for location of photograph) 
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Image 15: Morris Place 1% AEP Event, Modelled Flood Behaviour 

 

The observed flood behaviour at this location (Image 13 and Image 14) depicts water flowing along 

the front driveways and on the road at Morris Place in a northerly direction. This flood behaviour has 

been replicated in the modelled flood behaviour (Image 15). The modelled flood depths in this 

location are typically less than 0.3 m with velocities along the driveways of up to 1 m/s noted by the 

modelling.  
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9.2.4.2 Goulburn Street 

Several community members noted that flooding across the lower end of Goulburn Street occurs in 

rainfall events. Image 16 was submitted during the community consultation and has provided a 

comparison between the observed and modelled flood behaviour at this location.  

Image 17:Goulburn Street 1% AEP Event, Modelled Flood Behaviour 

 

The observed flood behaviour, presented in Image 16, shows pooled water across Goulburn Street 

with water in the gutters on either side of the street. This flood behaviour has been reproduced in 

 Image 16: Water over Goulburn Street looking east (see 

green arrow in Image 17 for location of photograph) 
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the 1% AEP flood model with depths of up to 0.27 m across Goulburn Street and of up to 0.47 m in 

the gutters.  

9.2.4.3 Dorsett Road 

A community submission noted a watercourse at the back of properties on Dorsett Road where the 

water level can rise and cause some pooling on lots after significant rainfall. Image 18 was submitted 

and depicts this watercourse when in flood.  

Image 18: Watercourse behind properties on Dorsett Road (location of photograph shown by green arrow in Image 19) 
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Image 19:Dorsett Road 1% AEP Event, Modelled Flood Behaviour 

 

The observed flood behaviour (Image 18), depicting a watercourse behind properties on Dorsett 

Road, was reproduced in the flood model (Image 19) with widespread shallow depths across the 

properties and deeper flood depths along the watercourse. 

9.2.4.4 Railway Parade 

A photograph (Image 20) from 30/04/1988 was submitted by a community member depicting flood 

waters building up at the railway line downstream of Railway Parade. This was caused by a culvert 

beneath the railway being covered by ballast and preventing floodwaters from draining beneath the 

railway. It was noted that flood waters pooled and covered Railway Parade to the front of the 

properties on the southern side of the road. 
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Image 20: Flooding at Railway Parade (30/04/1988) (location of photograph shown by green arrow in Image 21) 

 

Image 21: Railway Parade 1% AEP Event, Modelled Flood Behaviour 

 

The observed flood behaviour (Image 20) shows pooled water upstream of the railway line at Railway 

Parade, with shallow water appearing in the photograph’s foreground. The modelled flood behaviour 

(Image 21) similarly reproduces the build-up of flood waters up to the road level.  

9.2.4.5 George Street 

A community submission highlighted the extensive build-up of flood waters around the Marulan 

Motor Inn on George Street. A large flood storage area, adjacent to the inn fills and holds water 

during significant rainfall events.  
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 Image 22: Pooled water at George Street (looking west) (location of 

photograph shown by green arrow in Image 24) 

Image 23: Pooled water at George Street (looking south-east) 

(location of photograph shown by red arrow in Image 24) 

  

Image 24: George Street 1% AEP Event, Modelled Flood Behaviour 

 

The observed flood behaviour at this location (Image 22 and Image 23) depict pooled water to the 

east of the boundary to the Motor Inn. Similarly, the modelled flood behaviour (Image 24) replicated 

this flood behaviour, albeit to a greater extent, reaching depths of up to 0.7 m and flood waters 

flowing out of this storage area moving south along George Street.  

9.3 Validation Summary 

In lieu of suitable hydrometric data for model calibration (see Section 3.5), a model validation process 

has been undertaken. Flow paths have been validated by comparison to Direct Rainfall model results, 

design flow estimates are shown to be comparable to ARR2019 RFFE flow estimates, and flood model 

results are noted to be consistent with observations of flooding made by the community. However, 

without the potential to calibrate the model, model parameters are subject to a greater degree of 
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uncertainty that those derived through model calibration. Sensitivity of applied model parameters is 

examined in Section 10. The findings from the sensitivity analysis will be used to account for 

uncertainty in model results when developing the Floodplain Risk Management Study. 

 

 

10. SENSITIVITY ANALYSIS 

10.1 Overview 

Applied model parameters are best estimates based on available data, industry best practice, 

reference documents and knowledge of the catchment. Sensitivity analysis was undertaken to 

quantifying the sensitivity of model results to variations in model parameters. 

Sensitivity to the following parameters have been assessed: 

• Structure blockage (see Section 10.2); 

• Hydraulic roughness (see Section 10.3); 

• Downstream boundaries (see Section 10.4); and 

• Design rainfall losses (see Section 10.5); 

• Increases to design rainfall (see Section 10.6)  

The model sensitivity has been tested by varying each parameter within a reasonable estimate range 

and assessing change in peak flood level. The analysis has been undertaken for the 5% and 1% AEP 

events with results presented in the ensuing sections.  

10.2 Structure Blockage 

The current study has undertaken a blockage assessment in accordance with the ARR2019 guidelines 

(see Section 7.2.3.1 and APPENDIX D) which aims to apply a blockage condition that is most likely to 

occur during a given design storm. However, significant variation in structure blockage can occur 

across structures and storm events. Given this, sensitivity analysis was undertaken to determine the 

afflux in the 5% and 1% AEP events if the adopted blockage factors were doubled and tripled (as per 

Table 20).  

Table 20: Adopted Hydraulic Blockage factors for sensitivity analysis 

 

Figure F 1 to Figure F 4 present the 5% and 1% AEP peak flood impact for the doubled and tripled 

blockage scenarios, respectively. Peak flood level increases due to structure blockage were found to 

be greatest upstream of hydraulic structures particularly along the ARTC railway and the Hume 

Highway at Marulan Creek. Along the ARTC railway, 1% AEP peak flood levels increase by up to 0.2 

Event AEP 
Blockage % Blockage % Doubled Blockage % Tripled 

Inlet opening  
< 3 m 

Inlet opening  
≥ 3 m 

Inlet opening  
< 3 m 

Inlet opening  
≥ 3 m 

Inlet opening  
< 3 m 

Inlet opening  
≥ 3 m 

AEP > 5% 25% 0% 50% 0% 75% 0% 

AEP 5% - AEP 0.5% 25% 0% 50% 0% 75% 0% 

AEP< 0.5% 50% 15% 100% 30% 100% 45% 
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m in the doubled blockage scenario and by up to 0.5 m in the tripled blockage scenario. At Marulan 

Creek upstream of Marulan South Road, 1% AEP peak flood levels increase by up to 0.8 m in the 

double blockage scenario and 1.6 m in the triple blockage scenario. In the 1% AEP event, upstream 

of the Hume Highway on Marulan Creek, peak flood levels are increased by up to 0.7 m and 1.1 m in 

the doubled and tripled blockage scenarios, respectively. The extent of flooding is not noted to be 

significantly impacted for most events and locations.   

Additional analysis was undertaken along the ARTC railway, which bisects the north and south of the 

Marulan township and acts as a major hydraulic control. Culverts beneath this railway convey 

overland flow from south to north during rainfall events (see Section 3.4.2 and Figure 3). Additional 

sensitivity analysis was undertaken whereby, the structures along the ARTC railway were subject to 

100% blockage in the 5% and 1% AEP event. Figure F 5 to Figure F 6 present the impact of 100% 

blockage of the railway structures. In the 1% AEP event, the Central Flow Path (at Goulburn Street) 

and Northern Flow Path (at Railway Parade), experienced increased flood levels by up to 0.5 m and 

0.8 m respectively.  

10.3 Hydraulic Roughness 

An analysis of the sensitivity of the adopted hydraulic roughness values (presented in Section 7.2.4) 

was undertaken by increasing and decreasing the adopted values by 25%.  

Figure F 7 and Figure F 8 present the change in peak flood level due to a decrease in hydraulic 

roughness in the 5% and 1% AEP events, respectively. In these events the difference in peak flood 

level was noted to be typically less than 0.1 m for most flow paths, with Jaorimin Creek see a greater 

reduction of typically less than 0.2 m.  

Figure F 9 and Figure F 10 show the change in peak flood level due to an increase in hydraulic 

roughness in the 5% and 1% AEP events, respectively. For this scenario, an increase in peak flood 

level of less than 0.1 m is noted. Greater increases are noted on Jaorimin and Marulan Creeks, 

however the difference in peak flood level is noted to be typically less than 0.2 m. 

10.4 Downstream Boundaries 

The sensitivity of the stage-discharge (HQ) boundaries used at the downstream of Jaorimin Creek, 

Woolshed Creek and Marulan Creek was assessed by increasing and decreasing the assigned slope 

of each boundary by 25% for the 5% and 1% AEP design events.  

Figure F 11 to Figure F 14 show the peak flood level difference for decreasing and increasing the 

assigned slopes in the 5% and 1% AEP events, respectively. Overall, there was found to be little 

sensitivity to the assigned downstream boundary slope with peak flood level differences of less than 

±0.1 m in the immediate vicinity of boundary.  

10.5 Design Rainfall Losses 

The sensitivity to applied rainfall losses (defined in Section 6.2.4) was examined by decreasing and 

increasing the initial and continuing losses by 25% for the 5% and 1% AEP events. Figure F 15 to 

Figure F 18 present the peak flood level differences for decreasing and increasing the initial and 

continuing losses by 25% in the 5% and 1% AEP events, respectively.  
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Overall, there was found to be little sensitivity to the examined rainfall losses with peak flood level 

differences of typically less than ±0.1 m noted. 

10.6 Design Rainfall Increases 

Considerable uncertainty in design rainfall estimates was noted when comparing at-site frequency 

analysis and ARR2019 IFD estimates (see Section 3.5.4.4). The at-site analysis found design rainfall 

estimates up to 33% greater than ARR2019 IFDs for the 1% AEP event, 60 minutes duration storm.  

Sensitivity to increases in design rainfall estimates was undertaken by increasing rainfall depths by 

15% and 30% for the 5% and 1% AEP events. This was done to simulate a range of differences 

between ARR2019 IFD rainfall estimates and at-site frequency analysis described in Section 3.5.4.4. 

Figure F 19 and Figure F 20 present the peak flood level impacts of increasing rainfall depths by 15% 

in the 5% and 1% AEP events, respectively. For both events, a 15% increase in rainfall intensity results 

in an increase in flood level of typically less than 0.1 m for most flow paths, and less than 0.2 m on 

larger creeks and upstream of controls such as the ARTC rail corridor.  

Increasing the applied rainfall by 30% again results in increased flood levels of less than 0.1 m for 

most flow paths, however, for sensitive areas such as larger creeks and upstream of hydraulic 

controls, increases in flood level exceeded 0.3 m are noted. Flood level impact maps presenting the 

sensitivity analysis results are presented in Figure F 21 and Figure F 22 for the 5% and 1% AEP events. 

10.7 Interim Flood Planning Area 

Clause 5.21 Flood Planning of the Goulburn Mulwaree Local Environmental Plan (2009) applies flood 

planning controls to land within the Flood Planning Area (FPA). The FPA area comprises land below 

the Flood Planning Level (FPL). A detailed review of appropriate flood planning controls, and the 

land to which they apply, will be undertaken during the Floodplain Risk Management Study (see 

Section 1.2) phase of the project. Whilst the FRMS is being prepared, an interim FPA and FPL is 

required.  

The FPL is typically defined by a design flood event (often the 1% AEP flood) plus a freeboard. For 

Marulan: 

• Preliminary review of the design flood model results (see Section 8) found that use of the 

typically applied 1% AEP event is appropriate for defining the interim FPL.  

• Review of the sensitivity analysis results (Section 10) found generally limited sensitivity to 

variations in model parameters at most locations. A detailed freeboard assessment in 

consideration of the sensitivity analysis will be undertaken as part of the FRMS. In the interim, 

application of the typical freeboard of 0.5 m described in the Floodplain Development 

Manual (2005) is considered appropriate.  

Accordingly, the interim FPA for Marulan is defined as land below the 1% AEP flood level plus 0.5 m 

freeboard. Review/revision of the FPA and FPL will be undertaken as part of the FRMS. 
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11. CLIMATE CHANGE 

The impact of climate change on flood producing rainfall and resultant flooding has been assessed. 

The assessment used the IPCC (Intergovernmental Panel on Climate Change) greenhouse gas 

concentration scenarios to estimate the effect of climate change on rare rainfall events. There are 

four IPCC greenhouse gas concentration projections named Representative Concentration Pathways 

(RCPs) 2.6, 4.5, 6.0 and 8.5, with the RCP 2.6 being the most optimistic and 8.5 the least optimistic. 

The ARR2019 methodology recommends the use of RCP 4.5 and 8.5 scenarios, and their projected 

increase in precipitation intensity were obtained from the ARR Data Hub (see APPENDIX C) and 

shown in Table 21 for the 2090 planning horizon.  

Table 21: Climate Change Factors – Percentage Increase in Rainfall Intensity in 2090 

Year RCP 4.5 RCP 8.5 

2090 +9.5% +19.7% 

 

The IPCC recommendations indicate, under a relatively low emissions scenario (RCP 4.5), that rainfall 

intensity is expected to increase by 9.5% in Marulan by 2090. The significance of this percentage is 

measured by comparing it to the range of design flood events. The results of this assessment are 

shown in Table 22, which lists the total rainfall depth for the 1%, 0.5% and 0.2% AEP events (for the 

events’ respective critical durations) and then compares those events with the increased rainfall 

caused by two emissions scenarios – RCP 4.5 and RCP 8.5.  

Table 22: Comparison between Design Rainfall and Projected Climate Change Rainfall Depths 

AEP 
Total Rainfall Depth (mm) 

Duration 
(mins) 

IFD 
2090 RCP 4.5 2090 RCP 8.5 

+9.5% +19.7% 

1% 

45 44.9 49.2 53.7 

120 58.4 63.9 69.9 

180 66.8 73.1 80.0 

0.5% 

45 49.4 54.1 59.1 

120 64.2 70.3 76.8 

180 73.3 80.3 87.7 

0.2% 

45 55.9 61.2 66.9 

120 72.6 79.5 86.9 

180 82.7 90.6 99.0 

 

The table shows that the 1% AEP flood event will increase to a magnitude close to the present day 

0.5% AEP event under the 2090 RCP 4.5 scenario (corresponding depths shown in red in Table 22). 

Under the 2090 RCP 8.5 scenario, the 1% AEP storm event will be equivalent to a present-day event 

between 0.5% and 0.2% AEP (shown in red and green in Table 22). Accordingly, these rarer design 

events have been used as proxies for the assessment of climate change sensitivity with flood impact 

maps comparing the 1% AEP event to the 0.5% AEP and 0.2% AEP events presented in Figure F 23 

and Figure F 24. 

The results show that increases in flood level associated with climate change is likely to be less than 

0.1 m for most flow paths under both emissions scenarios. For the RCP 9.5 emissions scenario, 
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increase in flood level of typically less than 0.3 m are noted upstream of hydraulic controls such as 

the ARTC rail corridor. 

 

 

12. FLOOD DAMAGES ASSESSMENT 

12.1 Overview 

A flood damages assessment is used to quantitively assess the impacts of flooding on the 

community. Generally, a flood damages assessment aggregates the following: 

• Direct costs to individual properties such as structural damages or damage to contents; 

• Indirect costs to individual properties such as clean-up, disposal or loss of income; and 

• Cost of damage to infrastructure. 

The flood damages assessment described herein has been completed for 451 properties within the 

study area. The assessment is based on the property flood liability analysis presented in Section 12.2. 

Based on the flood liability of each development, a monetary value is applied to each property based 

on the level of property damage over a range of design flood events.  

The analysis has been undertaken using two different methods for residential and non-residential 

properties, with further details provided in the Sections 12.3 and 12.4 respectively. 

12.2 Property Flood Liability 

The flood liability of individual lots and buildings affected by mainstream flooding and/or overland 

flow at Marulan has been assessed. Flood affectation on a per property level was assessed by 

comparison of each lot’s ground level (proximate to the building) and habitable floor level to design 

flood levels at the property. The comparison is made at a point location on each lot, usually at the 

visible entry (i.e., front door). The floor level at each lot was estimated based on the methods outlined 

in Section 3.4.3.  

Image 25 presents the event which is responsible for first inundating each property above floor level. 

The analysis presents both residential and non-residential development types. A summary of 

Marulan’s property flood liability is presented Table 23 and Table 24 for residential and non-

residential properties respectively.  
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Image 26: Property floor level flood liability 

 

 

Table 23: Residential Property Flood Affectation 

 

 

 

 

 

 

 

 

Design Event (AEP) 
Number of 

Properties Affected 

Number of 

Properties affected 

above Floor Level 

20% 1 0 

10% 2 0 

5% 2 0 

2% 7 0 

1% 14 0 

0.5% 15 0 

0.2% 15 0 

PMF 77 30 
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Table 24: Non-Residential Property Flood Affectation 

 

 

 

 

 

 

 

 

12.3 Residential Properties 

Residential flood damages have been estimated in accordance with ‘Floodplain Risk Management 

Guideline – Residential Flood Damages’ (NSW Department of Environment and Climate Change 

2007). Applied parameters used in this analysis are presented in Table 25 and a residential flood 

damages curve is presented in Image 27. 

Table 25: Residential flood damages inputs 

 Input Value 

Post late 2001 adjustments 2.62 (Australian Bureau of Statistics, May 

2022)  

Post Flood Inflation factor 1.0 (small scale impact) 

Building damage repair limitation factor 0.85 (short duration) 

Typical House Size 252 m2  

(median of 392 digitised residential 

buildings in Study Area) 

Total Building Adjustment factor 2.34 

Average Contents Relevant to Site $63,000* 

Contents Damage Repair Limitation factor 0.75 (short duration) 

Level of Flood Awareness Low 

Effective warning time 3 hour 

Typical table bench height 0.9m 

External Damage $6,700* 

Clean Up Costs $4,000* 

Likely time in alternative accommodation 3 

Additional accommodation costs/loss of rent $220*/week 
*Note these are 2001 values which are adjusted using the post late 2001 adjustment factor 

 

Design Event (AEP) 
Number of 

Properties Affected 

Number of 

Properties affected 

above Floor Level 

20% 9 2 

10% 10 2 

5% 10 3 

2% 10 3 

1% 12 3 

0.5% 12 3 

0.2% 12 3 

PMF 24 7 
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Image 27: Assumed Residential Flood Damages Curves 

 

Residential Flood Damage estimates provide a monetary value of flood damages for each property 

for a range of design flood events. A key outcome of this assessment is the Average Annual Damage 

(AAD). The AAD is equal to the total damage caused by all floods over a long period of time divided 

by the number of years in that period (DIPNR 2005). The AAD is primarily used during a Floodplain 

Risk Management Study and Plan (FRMS&P) to compare the relative economic merits of various 

proposed flood mitigation measures.  

A residential AAD of $22,900 was calculated for the Marulan study area. Table 26 presents the AAD 

and the total Residential Flood Damages per design event. 

Table 26: Residential Flood Damages 

Design Event 

(AEP) 

Flood Damages Total Flood Damage per 

property 

20% $17,500 $17,500 

10% $35,100 $17,500 

5% $35,100 $17,500 

2% $122,700 $17,500 

1% $245,400 $17,500 

0.5% $263,000 $17,500 

0.2% $263,000 $17,500 

PMF $4,963,300 $64,500 

Average Annual Damages (AAD) $22,900 

 

12.4 Non-Residential Properties 

The calculation of tangible non-residential flood damages on a large scale can be highly varied. Non-

residential flood damages are dependent on factors such as: 
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• The nature of business undertaken at the property. For example, a business which has a 

quick turnaround of produce (or limited stock), such as a florist, is likely to suffer a smaller 

economic loss due to flooding than a business with highly valuable stock and a slower 

turnaround time, such as an electronics store.  

• The floor space of a non-residential property can be related to the amount of stock stored 

on site and therefore the amount of stock vulnerable to flooding. 

• The duration of inundation of a non-residential property and extent of damages can directly 

affect the length of time that the business may be closed. 

• The level of flood awareness/preparedness such as the amount of flood warning and ability 

to move vulnerable stock can affect the level of flood damage experienced.  

To further complicate the calculation of non-residential flood damages, a change of occupancy of a 

non-residential property can greatly change the economic flood damage experienced due to the 

potential change in the nature of business at the property. 

There is no prescribed methodology for calculating non-residential flood damages provided by DPE 

in the residential flood damages guideline (NSW Department of Environment and Climate Change 

2007).  

The Flood and Coastal Erosion Risk Management (FCERM) – A Manual for Economic Appraisal (Flood 

Hazard Research Centre and Environment Agency 2013) produced by the Flood Hazard Research 

Centre at Middlesex University in the United Kingdom developed non-residential flood damages 

curves based on observed flood damages from the early 2000’s. The current study has adopted a 

typical non-residential flood damage relationship between depth of inundation and damage per 

square metre of floor space from this Manual and applied it for non-residential properties in Marulan. 

This flood damages curve is presented in Image 28 and was adjusted to account for the exchange 

rate from pounds sterling to Australian dollars and inflation from 2013 to present (based on 

Australian Bureau of Statistics publications as of May 2022). The floor space of each non-residential 

property in Marulan was individually calculated and the flood damages curve was adjusted 

accordingly.  
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Image 28: Estimated Commercial Flood Damages Culvert (FCERM, 2013) 

 

The described methodology provides an indicative estimate of non-residential damages. This 

estimate is considered fit for purpose in the comparative assessment of flood mitigation measures 

that will be undertaken in the subsequent Floodplain Risk Management Study and Plan.  

Non-residential Flood Damage estimates provide a monetary value of flood damages for each 

property for a range of design flood events. A key outcome of this assessment is the Average Annual 

Damage (AAD). The AAD is equal to the total damage caused by all floods over a long period of 

time divided by the number of years in that period (DIPNR 2005). The AAD is primarily used during 

a Floodplain Risk Management Study and Plan (FRMS&P) to compare the relative economic merits 

of various proposed flood mitigation measures.  

A non-residential AAD of $403,500 was calculated for the Marulan study area. Table 27 presents the 

AAD and the total Non-residential Flood Damages per design event. 

Table 27: Non-residential Flood Damages 

Design Event 

(AEP) 

Flood Damages Total Flood Damage per 

property 

20% $638,600 $79,800 

10% $726,600 $80,700 

5% $749,100 $74,900 

2% $795,800 $79,600 

1% $828,600 $82,900 

0.5% $844,900 $84,500 

0.2% $861,300 $86,100 

PMF $4,045,400 $224,700 

Average Annual Damages (AAD) $403,500 
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13. CONCLUSION 

Goulburn Mulwaree Council has commissioned GRC Hydro to undertake a Flood and Floodplain Risk 

Management Studies for Marulan (the study area). 

This study comprises stages 1 and 2 in the five-stage process outlined in the NSW Government’s 

Floodplain Development Manual (FDM, 2005) (DIPNR 2005). Following the completion of the Flood 

Study, stages 3 and 4 will be undertaken as part of the subsequent Floodplain Risk Management 

Study and Plan (FRMS&P). The final stage of the FDM (2005) floodplain management process will 

involve implementing the findings of the FRMS&P.  

This flood study is a comprehensive technical investigation of flood behaviour at Marulan and aims 

to provides the main technical foundation for the development of the FRMS&P. The main objective 

of this study is the development of an understanding of flood characteristics for a range for flood 

events.  
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APPENDIX A - Glossary 

Glossary of Key Terminology (DIPNR 2005) 

annual exceedance 

probability (AEP) 

the chance of a flood of a given or larger size occurring in any one year, 

usually expressed as a percentage. Eg, if a peak flood discharge of 500 

m3/s has an AEP of 5%, it means that there is a 5% chance (that is one-

in-20 chance) of a 500 m3/s or larger events occurring in any one year 

(see ARI). (see Table 27, Appendix A) 

 

Australian Height Datum 

(AHD) 

a common national surface level datum approximately corresponding to 

mean sea level. 

 

average annual damage 

(AAD) 

depending on its size (or severity), each flood will cause a different 

amount of flood damage to a flood prone area. AAD is the average 

damage per year that would occur in a nominated development 

situation from flooding over a very long period of time. 

 

average recurrence interval 

(ARI) 

the long-term average number of years between the occurrence of a 

flood as big as or larger than the selected event. For example, floods 

with a discharge as great as or greater than the 20 year ARI flood event 

will occur on average once every 20 years. ARI is another way of 

expressing the likelihood of occurrence of a flood event. 

 

catchment the land area draining through the main stream, as well as tributary 

streams, to a particular site. It always relates to an area above a specific 

location.  

 

consent authority the council, government agency or person having the function to 

determine a development application for land use under the EP&A Act. 

The consent authority is most often the council, however legislation or 

an EPI may specify a Minister or public authority (other than a council), 

or the Director General of DIPNR, as having the function to determine 

an application. 

 

development is defined in Part 4 of the EP&A Act 

infill development: refers to the development of vacant blocks of land 

that are generally surrounded by developed properties and is 

permissible under the current zoning of the land. Conditions such as 

minimum floor levels may be imposed on infill development 

 

new development: refers to development of a completely different 

nature to that associated with the former land use. Eg, the urban 

subdivision of an area previously used for rural purposes. New 

developments involve re-zoning and typically require major extensions 

of existing urban services, such as roads, water supply, sewerage and 

electric power.  

 

redevelopment: refers to rebuilding in an area. Eg, as urban areas age, 

it may become necessary to demolish and reconstruct buildings on a 
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relatively large scale. Redevelopment generally does not require either 

re-zoning or major extensions to urban services. 

 

disaster plan (DISPLAN) a step by step sequence of previously agreed roles, responsibilities, 

functions, actions and management arrangements for the conduct of a 

single or series of connected emergency operations, with the object of 

ensuring the coordinated response by all agencies having 

responsibilities and functions in emergencies. 

 

discharge the rate of flow of water measured in terms of volume per unit time, for 

example, cubic metres per second (m3/s). Discharge is different from the 

speed or velocity of flow, which is a measure of how fast the water is 

moving for example, metres per second (m/s). 

 

effective warning time the time available after receiving advice of an impending flood and 

before the floodwaters prevent appropriate flood response actions 

being undertaken. The effective warning time is typically used to move 

farm equipment, move stock, raise furniture, evacuate people and 

transport their possessions. 

 

emergency management a range of measures to manage risks to communities and the 

environment. In the flood context it may include measures to prevent, 

prepare for, respond to and recover from flooding. 

 

flash flooding flooding which is sudden and unexpected. It is often caused by sudden 

local or nearby heavy rainfall. Often defined as flooding which peaks 

within six hours of the causative rain. 

 

flood relatively high stream flow which overtops the natural or artificial banks 

in any part of a stream, river, estuary, lake or dam, and/or local overland 

flooding associated with major drainage (refer Section C6) before 

entering a watercourse, and/or coastal inundation resulting from super-

elevated sea levels and/or waves overtopping coastline defences 

excluding tsunami. 

 

flood awareness Awareness is an appreciation of the likely effects of flooding and a 

knowledge of the relevant flood warning, response and evacuation 

procedures.  

 

flood education flood education seeks to provide information to raise awareness of the 

flood problem so as to enable individuals to understand how to manage 

themselves and their property in response to flood warnings and in a 

flood event. It invokes a state of flood readiness. 

 

flood fringe areas the remaining area of flood prone land after floodway and flood storage 

areas have been defined. 

 

flood liable land is synonymous with flood prone land (ie) land susceptible to flooding by 

the PMF event. Note that the term flood liable land covers the whole 

floodplain, not just that part below the FPL (see flood planning area). 
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flood mitigation standard the average recurrence interval of the flood, selected as part of the 

floodplain risk management process that forms the basis for physical 

works to modify the impacts of flooding. 

 

floodplain area of land which is subject to inundation by floods up to and including 

the probable maximum flood event, that is, flood prone land. 

 

floodplain risk management 

options 

the measures that might be feasible for the management of a particular 

area of the floodplain. Preparation of a floodplain risk management plan 

requires a detailed evaluation of floodplain risk management options. 

 

floodplain risk management 

plan 

a management plan developed in accordance with the principles and 

guidelines in this manual. Usually includes both written and 

diagrammatic information describing how particular areas of flood 

prone land are to be used and managed to achieve defined objectives. 

 

flood plan (local) A sub-plan of a disaster plan that deals specifically with flooding. They 

can exist at state, division and local levels. Local flood plans are prepared 

under the leadership of the SES. 

 

flood planning area the area of land below the FPL and thus subject to flood related 

development controls. The concept of flood planning area generally 

supersedes the “flood liable land” concept in the 1986 Manual. 

 

flood planning levels (FPLs) are the combinations of flood levels (derived from significant historical 

flood events or floods of specific AEPs) and freeboards selected for 

floodplain risk management purposes, as determined in management 

studies and incorporated in management plans. FPLs supersede the 

“standard flood event” in the 1986 manual. 

 

flood proofing a combination of measures incorporated in the design, construction and 

alteration of individual buildings or structures subject to flooding, to 

reduce or eliminate flood damages. 

 

flood prone land land susceptible to flooding by the PMF event. Flood prone land is 

synonymous with flood liable land. 

 

flood readiness Readiness is an ability to react within the effective warning time. 

 

flood risk potential danger to personal safety and potential damage to property 

resulting from flooding. The degree of risk varies with circumstances 

across the full range of floods. Flood risk in this manual is divided into 3 

types, existing, future and continuing risks. They are described below:  

 

existing flood risk: the risk a community is exposed to as a result of its 

location on the floodplain. 

 

future flood risk: the risk a community may be exposed to as a result of 

new development on the floodplain. 

 

continuing flood risk: the risk a community is exposed to after floodplain 

risk management measures have been implemented. For a town 
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protected by levees, the continuing flood risk is the consequences of the 

levees being overtopped. For an area without any floodplain risk 

management measures, the continuing flood risk is simply the existence 

of its flood exposure. 

 

flood storage areas those parts of the floodplain that are important for the temporary 

storage of floodwaters during the passage of a flood. The extent and 

behaviour of flood storage areas may change with flood severity, and 

loss of flood storage can increase the severity of flood impacts by 

reducing natural flood attenuation. Hence, it is necessary to investigate 

a range of flood sizes before defining flood storage areas. 

 

floodway areas those areas of the floodplain where a significant discharge of water 

occurs during floods. They are often aligned with naturally defined 

channels. Floodways are areas that, even if only partially blocked, would 

cause a significant redistribution of flood flow, or a significant increase 

in flood levels. 

 

freeboard provides reasonable certainty that the risk exposure selected in deciding 

on a particular flood chosen as the basis for the FPL is actually provided. 

It is a factor of safety typically used in relation to the setting of floor 

levels, levee crest levels, etc. (See Section K5). Freeboard is included in 

the flood planning level.  

 

habitable room in a residential situation: a living or working area, such as a lounge room, 

dining room, rumpus room, kitchen, bedroom or workroom. 

 

in an industrial or commercial situation: an area used for offices or to 

store valuable possessions susceptible to flood damage in the event of 

a flood. 

 

hazard a source of potential harm or a situation with a potential to cause loss. 

In relation to this manual the hazard is flooding which has the potential 

to cause damage to the community.  

 

hydraulics term given to the study of water flow in waterways; in particular, the 

evaluation of flow parameters such as water level and velocity. 

 

hydrograph a graph which shows how the discharge or stage/flood level at any 

particular location varies with time during a flood. 

 

hydrology term given to the study of the rainfall and runoff process; in particular, 

the evaluation of peak flows, flow volumes and the derivation of 

hydrographs for a range of floods. 

 

local overland flooding inundation by local runoff rather than overbank discharge from a 

stream, river, estuary, lake or dam.  

 

local drainage smaller scale problems in urban areas. They are outside the definition of 

major drainage in this glossary. 
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mainstream flooding inundation of normally dry land occurring when water overflows the 

natural or artificial banks of a stream, river, estuary, lake or dam. 

 

major drainage councils have discretion in determining whether urban drainage 

problems are associated with major or local drainage. For the purposes 

of this manual major drainage involves: 

• the floodplains of original watercourses (which may now be 

piped, channelised or diverted), or sloping areas where 

overland flows develop along alternative paths once system 

capacity is exceeded; and/or 

• water depths generally in excess of 0.3m (in the major system 

design storm as defined in the current version of Australian 

Rainfall and Runoff). These conditions may result in danger to 

personal safety and property damage to both premises and 

vehicles; and/or 

• major overland flowpaths through developed areas outside of 

defined drainage reserves; and/or 

• the potential to affect a number of buildings along the major 

flow path. 

 

mathematical/computer 

models 

the mathematical representation of the physical processes involved in 

runoff generation and stream flow. These models are often run on 

computers due to the complexity of the mathematical relationships 

between runoff, stream flow and the distribution of flows across the 

floodplain. 

 

merit approach the merit approach weighs social, economic, ecological and cultural 

impacts of land use options for different flood prone areas together with 

flood damage, hazard and behaviour implications, and environmental 

protection and well being of the State’s rivers and floodplains. The merit 

approach operates at two levels. At the strategic level it allows for the 

consideration of social, economic, ecological, cultural and flooding 

issues to determine strategies for the management of future flood risk 

which are formulated into council plans, policy, and EPIs. At a site specific 

level, it involves consideration of the best way of conditioning 

development allowable under the floodplain risk management plan, 

local flood risk management policy and EPIs. 

 

minor, moderate and major 

flooding 

both the SES and the BoM use the following definitions in flood warnings 

to give a general indication of the types of problems expected with a 

flood: 

 

minor flooding: causes inconvenience such as closing of minor roads 

and the submergence of low level bridges. The lower limit of this class 

of flooding on the reference gauge is the initial flood level at which 

landholders and townspeople begin to be flooded. 

 

moderate flooding: low-lying areas are inundated requiring removal of 

stock and/or evacuation of some houses. Main traffic routes may be 

covered. 
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major flooding: appreciable urban areas are flooded and/or extensive 

rural areas are flooded. Properties, villages and towns can be isolated. 

 

modification measures measures that modify either the flood, the property or the response to 

flooding.  

 

peak discharge the maximum discharge occurring during a flood event. 

 

probable maximum flood the PMF is the largest flood that could conceivably occur at a particular 

location, usually estimated from probable maximum precipitation, and 

where applicable, snow melt, coupled with the worst flood producing 

catchment conditions. Generally, it is not physically or economically 

possible to provide complete protection against this event. The PMF 

defines the extent of flood prone land, that is, the floodplain. The extent, 

nature and potential consequences of flooding associated with a range 

of events rarer than the flood used for designing mitigation works and 

controlling development, up to and including the PMF event should be 

addressed in a floodplain risk management study. 

 

probable maximum 

precipitation 

the PMP is the greatest depth of precipitation for a given duration 

meteorologically possible over a given size storm area at a particular 

location at a particular time of the year, with no allowance made for 

long-term climatic trends (World Meteorological Organisation, 1986). It 

is the primary input to PMF estimation. 

 

probability a statistical measure of the expected chance of flooding (see AEP). 

 

risk chance of something happening that will have an impact. It is measured 

in terms of consequences and likelihood. In the context of the manual it 

is the likelihood of consequences arising from the interaction of floods, 

communities and the environment. 

 

runoff the amount of rainfall which actually ends up as streamflow, also known 

as rainfall excess. 

 

stage equivalent to water level (both measured with reference to a specified 

datum). 

 

stage hydrograph a graph that shows how the water level at a particular location changes 

with time during a flood. It must be referenced to a particular datum. 

 

survey plan a plan prepared by a registered surveyor. 

 

water surface profile a graph showing the flood stage at any given location along a 

watercourse at a particular time. 
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Table 27: ARR2019 Preferred Terminology (Ball, et al. 2019) 
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APPENDIX B – Community Consultation Material 

Community Consultation Newsletter and Questionnaire 

  



Have Your Say on Flooding in Your Area
Marulan Flood Study &
Floodplain Risk Management Study and Plan

What is Flooding? Flooding is often associated with inundation from large rivers; however, there are other
flood mechanisms that can cause inundation. Two of these mechanisms are overland flow
flooding and mainstream flooding.

The Marulan Flood Study will focus on both of these flood mechanisms.

What is a Flood 
Study?

A flood study is a comprehensive technical investigation of flood behaviour. This study will
define the nature of flood risk in your area by providing information on the extent, level
and velocity of floodwaters for a full range of flood magnitudes up to and including the
largest possible flood, termed the ‘Probable Maximum Flood’. A commonly used outcome
from a Flood Study is the 1% AEP flood result (also known as the 1 in 100 year flood).
Sensitivity testing is also undertaken in these studies to account for factors such as climate
change and blockage of drainage systems.

Overland flow flooding 
occurs as rainfall runoff 
moves toward 
downstream 
waterways.

Mainstream flooding 
occurs when runoff 
from streets and drains 
flow into waterways 
causing them to rise and 
inundate areas that are 
usually dry

GRC Hydro: Water Engineers and Hydrologists grchydro.com.au

What is the 
Floodplain Risk 
Management 
Program?

The Floodplain Risk Management Program is run by the NSW Government. This program
helps councils to make informed decisions about managing flood risk and to provide
essential information to the SES to coordinate flood emergency response.

This program consists of five stages; the Marulan Flood Study and subsequent Floodplain
Risk Management Study and Plan will comprise stages one to four of this process.

The stages of the Floodplain Risk Management Program are presented below:

Marulan Flood Study 
& Floodplain Risk 
Management Study 
and Plan

Goulburn Mulwaree Council are undertaking a Flood Study and Floodplain Risk
Management Study & Plan for Marulan. The study is being prepared with assistance from
GRC Hydro and is being undertaken as part of the NSW Government’s Floodplain Risk
Management Program.

We would like to hear your experiences of flooding to better understand how flooding
occurs in Marulan. This information will be used by Council to help manage flood risk for
people and property, as well as potential future development.

Marulan Flood Study Marulan Floodplain Risk 
Management Study and Plan

What is a Floodplain 
Risk Management 
Study and Plan?

A floodplain risk management study and plan (FRMS&P) draws on the results of the flood
study to identify, assess and compare various flood risk management options and
opportunities aimed at improving the existing flood situation. It provides information and
tools to allow considered assessment of flood impacts of management options and
provides a strategic plan for implementation.



01. Fill out the questionnaire included with this letter and send it
back using the self-addressed envelope provided or email it to
marson@grchydro.com.au.

02. Fill out the questionnaire online by going to the website listed
or scanning the QR code below.

03. For more information, please do not hesitate to contact the
representatives nominated at the bottom of this page.

Website:
https://www.goulburn.nsw.gov.au/Development/
Plans-Strategies#section-8

Beth Marson
Senior Engineer 
GRC Hydro
marson@grchydro.com.au
02 9030 0342

Strategic Planning
Goulburn Mulwaree Council
Council@goulburn.nsw.gov.au
02 4823 4444

GRC Hydro: Water Engineers and Hydrologists grchydro.com.au

What is a Flood Study and FRMS&P used 
for?
A Flood Study and FRMS&P provide key information for
Council, the SES & the community for effectively managing
& mitigating flood risk.

For Council, these studies are primarily a planning tool for
future development in Marulan and implementing flood
risk mitigation measures for existing development areas.
Examples of applications for Council are listed below:
• Examination of Council’s local flood risk management

policies, strategies and planning instruments; and
• Identification and assessment of floodplain risk

management measures for existing development areas
aimed at reducing social, environmental and economic
loss due to flooding on development and the
community.

Information from these studies will assist the SES in its
evacuation and logistics planning. The outcomes of the
study will provide the SES with:
• a clear description of flood behaviour in the study area

for a full range of flood events;
• a description of flood warning times for Goulburn; and
• identification of critical evacuation issues in Goulburn

such as warning times where road access is cut.

Why your feedback is important
During the Flood Study, GRC Hydro will develop
computer models to determine the existing flood
affectation in Marulan. Calibration and validation to
observations of flooding key in the development of
these models to improve accuracy. The FRMS&P will
assess flood modification measures to relieve the flood
risk at affected locations. Community input and
knowledge of how flooding occurs and of measures that
might mitigate flooding is invaluable to this study.

How can you help us?

Your feedback is important in helping us get a complete
picture of the community’s knowledge of flood behaviour
and concerns in your area. There are a variety of ways you
can share your experiences and knowledge with us. These
are as follows:

Who can we contact?

If you have any further questions regarding the study or any further flood information/photos please attach them to your
questionnaire or contact the following representatives.

Please return your questionnaire by Friday 3 December 2021 to have your say.

What happens next?
GRC Hydro will model the flood behaviour in Marulan
and produce a flood study report for Council. It will be
placed on Public Exhibition in 2022 and comment will be
invited. Following this, the FRMS&P will be developed
with Public Exhibition expected in late 2022.

Have Your Say on Flooding in Your Area
Marulan Flood Study &
Floodplain Risk Management Study and Plan

Study Area

The Study Area

The Flood Study and FRMPS&P will cover an area of
approximately 18 square kilometres inclusive of the
Marulan township and its surrounds (pictured below).
Marulan is traversed by some natural overland flowpaths
and Jaorimin Creek to the west.



Name

Address:

Phone Number:

Email:
Can we contact you for more information?              Yes              No
Please note: Your personal details will be kept confidential

Contact
Details

What building type is your property?

Residential (House/Terrace) Residential (Apartment)

Commercial Industrial

Business Name:                                           

How long have you lived or worked at this property?  Years     Months

Your
Property

Flood 
Observations

Has your property ever been affected by flooding?

Yes, above the floor level Yes, in the yard or garage No
If yes, could you please provide more information in the space below or attached to 
this questionnaire. Information such as dates and photos of flooding are very helpful.

Have Your Say on Flooding in Your Area
Marulan Flood Study &
Floodplain Risk Management Study and Plan
Questionnaire

GRC Hydro: Water Engineers and Hydrologists grchydro.com.au

Have you observed flooding in your area?

Yes No
If yes, please note where you have observed flooding and/or anything that has
made flooding worse. For example, have blocked drainage structures or changes
near your property made flooding worse? Information such as dates, maximum
extent, top water level and photos of flooding are very helpful.



Please return your questionnaire by Friday 3 December 2021 to ensure that it is counted.
If your information does not fit in the space provided, please email it to marson@grchydro.com.au

Flood 
Management 
Options

GRC Hydro: Water Engineers and Hydrologists grchydro.com.au

The current study will provide advice on flood related development controls. How
do you suggest Council should manage controls for developments on the
floodplain?

New 
Development

Have Your Say on Flooding in Your Area

The current study is assessing a range of measures aimed at managing the current
flood risk. The study is looking for input from residents to better understand local
preferences for floodplain management.

Which of the following options do you prefer for managing flood risk? (tick box
based on preference)

Property modification measures for severely
affected properties such as voluntary
purchase or voluntary house raising.

Construct, repair and/or increase the size of
existing levee banks

Modify creek channels to increase their
capacity
Impose greater flood-related development
controls and increase strategic flood planning
Increase flood awareness and education in
the community

Upgrade flood warning, evacuation planning
and emergency response measures

Other suggestions (describe below)

Please use the space below to describe other flood management options or add detail on the
preferences selected above.

Prevent development on land subject to any flood risk (including events rarer
than the 1 in 100 year ARI flood)

Prevent any new development in areas where the flood risk is dangerous for
people/property (i.e. deep fast moving water).

Inform property owners of the potential flood risks and the related flood
development controls and allow development provided the controls are
adhered to
Provide no advice or development controls

Other (please specify)

The Marulan Flood Study &
Floodplain Risk Management Study and Plan
Questionnaire
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Australian Rainfall & Runoff Data Hub - Results
Input Data

Longitude 149.994

Latitude -34.712

Selected Regions (clear)

River Region show

ARF Parameters show

Storm Losses show

Temporal Patterns show

Areal Temporal Patterns show

BOM IFDs show

Median Preburst Depths and Ratios show

10% Preburst Depths show

25% Preburst Depths show

75% Preburst Depths show

90% Preburst Depths show

Interim Climate Change Factors show

Probability Neutral Burst Initial Loss (./nsw_specific) show

Data

+

−

Leaflet (http://leafletjs.com) | Map data © OpenStreetMap (https://www.openstreetmap.org/) contributors, CC-BY-SA (https://creativecommons.org/licenses/by-
sa/2.0/), Imagery © Mapbox (https://www.mapbox.com/)
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River Region

Division South East Coast (NSW)

River Number 12

River Name Hawkesbury River

Shape Intersection (%) 54.7

Layer Info

Time Accessed 23 February 2022 03:56PM

Version 2016_v1

ARF Parameters

Zone a b c d e f g h i Shape Intersection (%)

SE Coast 0.06 0.361 0.0 0.317 8.11e-05 0.651 0.0 0.0 0.0 100.0

Short Duration ARF

ARF = Min{1, [1 − a (Areab − clog10Duration)Duration−d

+ eAreafDurationg (0.3 + log10AEP)

+ h10iArea (0.3 + log10AEP)]}
Duration

1440

ARF = Min [1, 1 − 0.287 (Area0.265 − 0.439log10(Duration)) .Duration−0.36

+ 2.26 x 10−3 x Area0.226.Duration0.125 (0.3 + log10(AEP))

+ 0.0141 x Area0.213 x 10−0.021 (0.3 + log10(AEP))]
(Duration−180)2

1440

Layer Info

Time Accessed 23 February 2022 03:56PM

Version 2016_v1

Storm Losses
Note: Burst Loss = Storm Loss - Preburst

Note: These losses are only for rural use and are NOT FOR DIRECT USE in urban areas

Note: As this point is in NSW the advice provided on losses and pre-burst on the NSW Specific Tab of the ARR Data Hub
(./nsw_specific) is to be considered. In NSW losses are derived considering a hierarchy of approaches depending on the available
loss information. The continuing storm loss information from the ARR Datahub provided below should only be used where relevant
under the loss hierarchy (level 5) and where used is to be multiplied by the factor of 0.4.

Storm Initial Losses (mm) 14.0

Storm Continuing Losses (mm/h) 3.1

Layer Info

Time Accessed 23 February 2022 03:56PM

Version 2016_v1

http://data.arr-software.org/nsw_specific
http://data.arr-software.org/static/temporal_patterns/TP/ECsouth.zip
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Temporal Patterns | Download (.zip) (static/temporal_patterns/TP/ECsouth.zip)

code ECsouth

Label East Coast South

Shape Intersection (%) 54.9

Layer Info

Time Accessed 23 February 2022 03:56PM

Version 2016_v2

Areal Temporal Patterns | Download (.zip) (./static/temporal_patterns/Areal/Areal_ECsouth.zip)

code ECsouth

arealabel East Coast South

Shape Intersection (%) 54.9

Layer Info

Time Accessed 23 February 2022 03:56PM

Version 2016_v2

BOM IFDs
Click here (http://www.bom.gov.au/water/designRainfalls/revised-ifd/?
year=2016&coordinate_type=dd&latitude=-34.7123346821&longitude=149.993908083&sdmin=true&sdhr=true&sdday=true&user_label=)
to obtain the IFD depths for catchment centroid from the BoM website

Layer Info

Time Accessed 23 February 2022 03:56PM

http://data.arr-software.org/static/temporal_patterns/TP/ECsouth.zip
http://data.arr-software.org/static/temporal_patterns/Areal/Areal_ECsouth.zip
http://www.bom.gov.au/water/designRainfalls/revised-ifd/?year=2016&coordinate_type=dd&latitude=-34.7123346821&longitude=149.993908083&sdmin=true&sdhr=true&sdday=true&user_label=
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Median Preburst Depths and Ratios
Values are of the format depth (ratio) with depth in mm

min (h)\AEP(%) 50 20 10 5 2 1

60 (1.0) 0.4  
(0.021)

0.8  
(0.028)

1.0  
(0.030)

1.2  
(0.032)

1.0  
(0.024)

0.9  
(0.018)

90 (1.5) 0.3  
(0.014)

0.4  
(0.012)

0.4  
(0.011)

0.5  
(0.011)

0.5  
(0.010)

0.5  
(0.009)

120 (2.0) 0.7  
(0.026)

0.5  
(0.014)

0.4  
(0.009)

0.2  
(0.005)

0.4  
(0.007)

0.5  
(0.009)

180 (3.0) 0.6  
(0.019)

1.0  
(0.024)

1.2  
(0.026)

1.5  
(0.028)

0.6  
(0.010)

0.0  
(0.000)

360 (6.0) 0.1  
(0.001)

0.8  
(0.015)

1.2  
(0.021)

1.7  
(0.025)

6.8  
(0.084)

10.6  
(0.119)

720 (12.0) 0.0  
(0.000)

6.3  
(0.090)

10.5  
(0.127)

14.5  
(0.152)

10.6  
(0.094)

7.6  
(0.061)

1080 (18.0) 0.0  
(0.000)

3.9  
(0.046)

6.4  
(0.064)

8.9  
(0.076)

10.7  
(0.078)

12.1  
(0.079)

1440 (24.0) 0.0  
(0.000)

0.7  
(0.007)

1.1  
(0.010)

1.6  
(0.012)

6.3  
(0.040)

9.9  
(0.056)

2160 (36.0) 0.0  
(0.000)

0.6  
(0.005)

1.0  
(0.007)

1.3  
(0.008)

2.5  
(0.014)

3.5  
(0.016)

2880 (48.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

4320 (72.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

Layer Info

Time
Accessed

23 February 2022 03:56PM

Version 2018_v1

Note Preburst interpolation methods for catchment wide preburst has been slightly altered. Point values remain
unchanged.
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10% Preburst Depths
Values are of the format depth (ratio) with depth in mm

min (h)\AEP(%) 50 20 10 5 2 1

60 (1.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

90 (1.5) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

120 (2.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

180 (3.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

360 (6.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

720 (12.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

1080 (18.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

1440 (24.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

2160 (36.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

2880 (48.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

4320 (72.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

Layer Info

Time
Accessed

23 February 2022 03:56PM

Version 2018_v1

Note Preburst interpolation methods for catchment wide preburst has been slightly altered. Point values remain
unchanged.
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25% Preburst Depths
Values are of the format depth (ratio) with depth in mm

min (h)\AEP(%) 50 20 10 5 2 1

60 (1.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

90 (1.5) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

120 (2.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

180 (3.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

360 (6.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

720 (12.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

1080 (18.0) 0.0  
(0.000)

0.1  
(0.001)

0.1  
(0.001)

0.2  
(0.001)

0.1  
(0.000)

0.0  
(0.000)

1440 (24.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

2160 (36.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

2880 (48.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

4320 (72.0) 0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

0.0  
(0.000)

Layer Info

Time
Accessed

23 February 2022 03:56PM

Version 2018_v1

Note Preburst interpolation methods for catchment wide preburst has been slightly altered. Point values remain
unchanged.
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75% Preburst Depths
Values are of the format depth (ratio) with depth in mm

min (h)\AEP(%) 50 20 10 5 2 1

60 (1.0) 9.6  
(0.456)

9.5  
(0.342)

9.4  
(0.291)

9.4  
(0.252)

13.4  
(0.308)

16.4  
(0.339)

90 (1.5) 6.0  
(0.249)

6.2  
(0.199)

6.4  
(0.176)

6.6  
(0.158)

9.2  
(0.189)

11.2  
(0.207)

120 (2.0) 8.1  
(0.307)

8.2  
(0.237)

8.2  
(0.205)

8.2  
(0.181)

9.9  
(0.187)

11.1  
(0.189)

180 (3.0) 12.5  
(0.411)

15.8  
(0.400)

18.0  
(0.393)

20.1  
(0.386)

15.0  
(0.248)

11.2  
(0.167)

360 (6.0) 9.0  
(0.226)

14.6  
(0.282)

18.4  
(0.304)

22.0  
(0.319)

43.1  
(0.536)

58.9  
(0.661)

720 (12.0) 10.7  
(0.205)

23.9  
(0.340)

32.6  
(0.393)

41.0  
(0.428)

43.3  
(0.385)

45.1  
(0.359)

1080 (18.0) 6.2  
(0.102)

15.6  
(0.186)

21.8  
(0.218)

27.7  
(0.238)

38.3  
(0.278)

46.2  
(0.300)

1440 (24.0) 5.5  
(0.080)

9.3  
(0.099)

11.9  
(0.105)

14.3  
(0.108)

23.9  
(0.151)

31.0  
(0.175)

2160 (36.0) 0.3  
(0.004)

6.0  
(0.054)

9.7  
(0.073)

13.3  
(0.085)

20.3  
(0.108)

25.5  
(0.121)

2880 (48.0) 0.8  
(0.010)

3.4  
(0.028)

5.2  
(0.035)

6.8  
(0.039)

7.8  
(0.038)

8.6  
(0.037)

4320 (72.0) 0.0  
(0.000)

0.3  
(0.002)

0.4  
(0.003)

0.6  
(0.003)

0.6  
(0.003)

0.7  
(0.003)

Layer Info

Time
Accessed

23 February 2022 03:56PM

Version 2018_v1

Note Preburst interpolation methods for catchment wide preburst has been slightly altered. Point values remain
unchanged.
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90% Preburst Depths
Values are of the format depth (ratio) with depth in mm

min (h)\AEP(%) 50 20 10 5 2 1

60 (1.0) 29.2  
(1.396)

26.3  
(0.947)

24.3  
(0.748)

22.4  
(0.603)

27.4  
(0.628)

31.1  
(0.640)

90 (1.5) 33.1  
(1.379)

29.1  
(0.928)

26.5  
(0.726)

24.0  
(0.576)

29.9  
(0.615)

34.2  
(0.634)

120 (2.0) 22.3  
(0.842)

24.6  
(0.715)

26.1  
(0.654)

27.6  
(0.608)

50.5  
(0.956)

67.7  
(1.154)

180 (3.0) 27.8  
(0.913)

37.9  
(0.957)

44.5  
(0.971)

50.9  
(0.977)

45.3  
(0.749)

41.1  
(0.613)

360 (6.0) 32.6  
(0.823)

44.5  
(0.856)

52.4  
(0.866)

60.0  
(0.869)

86.3  
(1.073)

106.0  
(1.188)

720 (12.0) 30.1  
(0.577)

52.8  
(0.751)

67.8  
(0.817)

82.2  
(0.860)

89.1  
(0.793)

94.3  
(0.752)

1080 (18.0) 19.7  
(0.323)

40.4  
(0.481)

54.1  
(0.541)

67.2  
(0.578)

78.8  
(0.573)

87.6  
(0.568)

1440 (24.0) 31.7  
(0.467)

33.5  
(0.355)

34.8  
(0.307)

36.0  
(0.271)

51.9  
(0.329)

63.8  
(0.360)

2160 (36.0) 11.9  
(0.153)

25.1  
(0.228)

33.8  
(0.254)

42.1  
(0.269)

45.4  
(0.242)

47.8  
(0.226)

2880 (48.0) 13.6  
(0.161)

17.6  
(0.146)

20.3  
(0.139)

22.9  
(0.132)

31.0  
(0.149)

37.1  
(0.157)

4320 (72.0) 2.9  
(0.031)

5.2  
(0.039)

6.7  
(0.041)

8.2  
(0.042)

23.9  
(0.103)

35.8  
(0.135)

Layer Info

Time
Accessed

23 February 2022 03:56PM

Version 2018_v1

Note Preburst interpolation methods for catchment wide preburst has been slightly altered. Point values remain
unchanged.

Interim Climate Change Factors

RCP 4.5 RCP6 RCP 8.5

2030 0.869 (4.3%) 0.783 (3.9%) 0.983 (4.9%)

2040 1.057 (5.3%) 1.014 (5.1%) 1.349 (6.8%)

2050 1.272 (6.4%) 1.236 (6.2%) 1.773 (9.0%)

2060 1.488 (7.5%) 1.458 (7.4%) 2.237 (11.5%)

2070 1.676 (8.5%) 1.691 (8.6%) 2.722 (14.2%)

2080 1.810 (9.2%) 1.944 (9.9%) 3.209 (16.9%)

2090 1.862 (9.5%) 2.227 (11.5%) 3.679 (19.7%)



2/23/22, 3:58 PM Results | ARR Data Hub

data.arr-software.org 9/9

Layer Info

Time
Accessed

23 February 2022 03:56PM

Version 2019_v1

Note ARR recommends the use of RCP4.5 and RCP 8.5 values. These have been updated to the values that can be
found on the climate change in Australia website.

Probability Neutral Burst Initial Loss

min (h)\AEP(%) 50.0 20.0 10.0 5.0 2.0 1.0

60 (1.0) 11.4 7.5 7.1 7.6 6.6 4.4

90 (1.5) 11.8 8.1 7.8 8.4 7.4 4.8

120 (2.0) 12.1 8.5 8.0 8.4 7.0 4.1

180 (3.0) 11.0 7.5 7.1 7.0 6.9 4.6

360 (6.0) 11.9 8.1 8.0 6.9 5.5 1.5

720 (12.0) 11.6 7.5 7.1 6.1 7.0 2.1

1080 (18.0) 13.5 9.3 8.9 7.4 7.9 2.1

1440 (24.0) 13.5 11.4 11.3 11.5 9.8 3.3

2160 (36.0) 16.0 12.6 12.0 12.6 10.8 5.1

2880 (48.0) 16.2 13.9 13.9 15.2 13.4 10.1

4320 (72.0) 18.2 16.7 17.2 17.7 14.1 7.9

Layer Info

Time
Accessed

23 February 2022 03:56PM

Version 2018_v1

Note As this point is in NSW the advice provided on losses and pre-burst on the NSW Specific Tab of the ARR Data Hub
(./nsw_specific) is to be considered. In NSW losses are derived considering a hierarchy of approaches depending
on the available loss information. Probability neutral burst initial loss values for NSW are to be used in place of the
standard initial loss and pre-burst as per the losses hierarchy.

Download TXT (downloads/969914ad-a0f4-4f48-a030-ff0aa5df88dd.txt)

Download JSON (downloads/a99485b1-ed3c-4bff-b15d-7948aab015e9.json)

Generating PDF... (downloads/fc68d958-dc05-450d-bd8b-e42bbf0d55e2.pdf)

http://data.arr-software.org/nsw_specific
http://data.arr-software.org/downloads/969914ad-a0f4-4f48-a030-ff0aa5df88dd.txt
http://data.arr-software.org/downloads/a99485b1-ed3c-4bff-b15d-7948aab015e9.json
http://data.arr-software.org/downloads/fc68d958-dc05-450d-bd8b-e42bbf0d55e2.pdf


 

GRC Hydro 

APPENDIX D 
Blockage Assessment 

 



BLOCKAGE CALCULATIONS - ARR (2016) Book 6 Chapter 6 COMPANY LOGO
Project:  

Structure/Drawing:  STEP 4: Inlet Blockage Level (S6.4.4.7 & T6.6.6)

Location & LGA:  AEP Adjusted Debris Potential At Structure (Inlet)

Designer/Engineer:  Control Dimension High Med Low

Checked by:  W < L10 100% 50% 25%

Date:  L10 <= W <= 3*L10 20% 10% 0%
 W > 3*L10 10% 0% 0%
 

STEP 1: Setup Details  STEP 5: Likelihood of Sediment Deposition in Barrel (T6.6.7)
Catchment Area: ha or km2  Sediment (Type & D50) Clay/Silt Sand Gravel Cobbles Boulders

Source Area (&Landuse): S6.3.3  Structure Velocity (m/s) <=0.04mm >0.04-2mm >2-63mm >63-200mm >200mm
Inlet Blockage Data (floating /non-floating debris)  >=3.0 low low low low med
Description:  1.0 to < 3.0 low low low med med
How assessed:  0.5 to < 1.0 low low low med high

Inlet Clear Width (W) (m)  0.1 to < 0.5 low low med high high
Inlet Clear Height (D) (m)  < 0.1 low med high high high

Check W/D<=3 (m/m) S6.4.4.8  
L10 (m)  S6.4.4.1  STEP 6: Depositional Blockage Levels (T6.6.8)

Barrel Blockage Data (sediment & bedload)  AEP Adjusted Sediment Potential At Structure (barrel)

Description:  Likelihood of Deposition High Med Low
How assessed:  high 100% 60% 25%

D50 (mm)  med 60% 40% 15%
Barrel velocity (V) (m/s)  low 25% 15% 0%

STEP 2: Debris Potential at Structure for 1% AEP STEP 7: BLK-DES%
Blockage Location Inlet (debris) Barrel (sediment) Event AEP(%) [1:yr] LOW STEP 4 LOW STEP 6

Availability (H,M,L) M M S6.4.4.2 & T6.6.1 >5% [<1:20] Low 25% Low 0%
Mobility (H,M,L) L L S6.4.4.3 & T6.6.2 5%-0.5% [1:20 - 1:200] Low 25% Low 0%

Transportability (H,M,L) L L S6.4.4.4 & T6.6.3 <0.5% [>1:200] Med 50% Med 15%
Combined Result MLL MLL

1% Debris Potential LOW LOW S6.4.4.5 & T6.6.4 STEP 8: RISK ASSESSMENT & SENSITIVITY ANALYSIS

STEP 3: AEP Adjusted Debris Potential (S6.4.4.6 & T6.6.5)
Event AEP(%) [1:yr] HIGH MED LOW

>5% [<1:20] Med Low Low
5%-0.5% [1:20 - 1:200] High Med Low

<0.5% [>1:200] High High Med

BM

ZR

23/06/2022

       Design: Review blockage parameters. Mitigate Risk. (see S6.6)
       Flood Study: Review blockage parameters. Notify asset owner.
If CONSEQUENCES HIGH: 

ASSESS: 
         1). Extreme blockage consequences using 2*BDES% (S6.4.4.11)   

Varies
Rural grazing some steep forest

Sandy Silt

         2). Worse case downstream flooding using "All Clear" case  (S6.4.5)

Marulan FRMSP

All

Goulburn

Inlet (Debris) Barrel (Sediment)

2.9
1.2
2.4
3.0

2
0.5

Side notes: S=Section, T=Table in ARR Bk6 Ch6
User Defined Text & Parameters

Sticks and fallen tree limbs
Visual assessment at site

visual assessment at site
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APPENDIX E – Critical Storm/Duration Mapping 

Critical Storm/Critical Duration Selection Figures 

 

Figure E 1 – 20% AEP Peak Flood Level Impact – Selected Storms/Durations versus Maximum Flood Level Result 

Figure E 2 – 10% AEP Peak Flood Level Impact – Selected Storms/Durations versus Maximum Flood Level Result 

Figure E 3 – 5% AEP Peak Flood Level Impact – Selected Storms/Durations versus Maximum Flood Level Result 

Figure E 4 – 2% AEP Peak Flood Level Impact – Selected Storms/Durations versus Maximum Flood Level Result 

Figure E 5 – 1% AEP Peak Flood Level Impact – Selected Storms/Durations versus Maximum Flood Level Result 

Figure E 6 – 0.5% AEP Peak Flood Level Impact – Selected Storms/Durations versus Maximum Flood Level Result 

Figure E 7 – 0.2% AEP Peak Flood Level Impact – Selected Storms/Durations versus Maximum Flood Level Result 
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APPENDIX F – Sensitivity Analysis Mapping 

Sensitivity Analysis Figures 

 

Figure F 1 – 5% AEP Peak Flood Level Impact – Double Structure Blockage 

Figure F 2 – 1% AEP Peak Flood Level Impact – Double Structure Blockage 

Figure F 3 – 5% AEP Peak Flood Level Impact – Triple Structure Blockage 

Figure F 4 – 1% AEP Peak Flood Level Impact – Triple Structure Blockage 

Figure F 5 – 5% AEP Peak Flood Level Impact – 100% Railway Blockage 

Figure F 6 – 1% AEP Peak Flood Level Impact – 100% Railway Blockage 

Figure F 7 – 5% AEP Peak Flood Level Impact – 25% Decrease in Adopted Hydraulic Roughness 

Figure F 8 – 1% AEP Peak Flood Level Impact – 25% Decrease in Adopted Hydraulic Roughness 

Figure F 9 – 5% AEP Peak Flood Level Impact – 25% Increase in Adopted Hydraulic Roughness 

Figure F 10 – 1% AEP Peak Flood Level Impact – 25% Increase in Adopted Hydraulic Roughness 

Figure F 11 – 5% AEP Peak Flood Level Impact – 25% Decrease in Slope at Downstream Boundary 

Figure F 12 – 1% AEP Peak Flood Level Impact – 25% Decrease in Slope at Downstream Boundary 

Figure F 13 – 5% AEP Peak Flood Level Impact – 25% Increase in Slope at Downstream Boundary 

Figure F 14 – 1% AEP Peak Flood Level Impact – 25% Increase in Slope at Downstream Boundary 

Figure F 15 – 5% AEP Peak Flood Level Impact – 25% Decrease in Design Rainfall Losses 

Figure F 16 – 1% AEP Peak Flood Level Impact – 25% Decrease in Design Rainfall Losses 

Figure F 17 – 5% AEP Peak Flood Level Impact – 25% Increase in Design Rainfall Losses 

Figure F 18 – 1% AEP Peak Flood Level Impact – 25% Increase in Design Rainfall Losses 

Figure F 19 – 5% AEP Peak Flood Level Impact – 15% Increase in Design Rainfall Depths 

Figure F 20 – 1% AEP Peak Flood Level Impact – 15% Increase in Design Rainfall Depths 

Figure F 21 – 5% AEP Peak Flood Level Impact – 30% Increase in Design Rainfall Depths 

Figure F 22 – 1% AEP Peak Flood Level Impact – 30% Increase in Design Rainfall Depths 
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