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EXECUTIVE SUMMARY 

Study Objective  

The primary objective of the Flood Study for the Wingecarribee River was to develop hydrologic 
and hydraulic models for mainstream flooding and flooding from the main tributaries within the 
modelling area, and to provide information on flood extents, water levels, flows and hazards for a 
range of flood events, including 20%, 10%, 2%, 1%, 0.5% AEP and Probable Maximum Flood 
(PMF) events. 

 

Catchment and Study Area 

The Wingecarribee River is located in the Wingecarribee Shire Council in the Southern Highlands 
of NSW about 120 km south west of Sydney. The study area encompasses the whole 
Wingecarribee River catchment from upstream of the Wingecarribee Dam, through the Berrima 
Township and downstream to Wallaby Rocks.  

The Wingecarribee River catchment is dominated by rural landscapes including farmland with 
stands of remnant and regrowth vegetation. A small portion of the catchment contains medium 
density urban development in the major local towns. The catchment upstream of Wallaby Rocks 
has an area of approximately 225km

2
. The river is controlled in the upper catchment by the 

Wingecarribee Reservoir which captures an area of approximately 40km
2
.  

The main towns and villages within the project area are Bowral, Moss Vale,  Hill Top, Berrima, New 
Berrima, Bong Bong and Burradoo.  

 

Data Sets 

As part of the data submission for the project, Wingecarribee Shire Council provided GIS data 
layers for use in the flood study including aerial photos, cadastre, road area, 10m topographic 
contours, ALS survey, road centrelines, rivers/creeks, water supply lines, and details of some 
hydraulic structures. 

Additional data sets obtained for the study included gauged flow data from the NSW Office of 
Water (NOW), daily rainfall and pluviograph records from the Bureau of Meteorology, and 
additional survey of the floodplain and hydraulic structures. 

A community consultation program was undertaken as part of the project, providing flood 
information such as dates of floods, estimates of flood depths/floodmarks, flood durations and 
water velocities.  

 

History of Flooding  

The Wingecarribee River Catchment has experienced several large flood events. Historical 
accounts of large floods extend back to 1897/98 and 1964. Gauging of the Wingecarribee River at 
Berrima Weir commenced in 1975. The largest recorded flood occurring with the catchment was 
recorded soon after in March 1978, with other large floods occurring in April 1900 and August 
1998. 

 

Community Consultation 

A community consultation process was initiated to inform the community of the floodplain 
management process underway and obtain flood information for past events. The responses to the 
community survey were thoroughly reviewed, with information of flooding effects that could be 
beneficial to calibration identified and extracted from the database. Out of the many questionnaires 
sent out, 12 provided information that could be fully utilized for calibration. To be beneficial for 
calibration, flood information needed to relate specifically to dates, since the rainfall data needs to 
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correspond to the flood data. Many of the responses did not indicate the date on which the flood 
affectation occurred. The data from the community consultation process was primarily used for 
modelling calibration to compare observed and modelled flood extents, levels and depths. 

The draft Wingecarribee River Flood Study was placed on Public Exhibition during the months of 
September and October 2013.  A number of submissions were received and these submissions 
were reviewed and addressed in the Final Report. 

 

Study Methodology 

The flood study involved an assessment of the rainfall runoff processes using a hydrologic model to 
compute flows and a hydraulic model to compute flood characteristics such as flood levels and 
extents, flow distributions, and flood hazards.  

The hydrologic model used was the WBNM (Watershed Bounded Network Model), while the 
hydraulic model used was TUFLOW. The modelling simulated mainstream flooding from the 
Wingecarribee River, tributaries, and associated overland flooding.  

The models were calibrated to historical flood events using gauged rainfall and stream flow data, 
and survey of flood levels provided through the community consultation process. 

 

Design Flood Modelling  

Design flood events were run for the full range of different sized floods, as per the project 
requirements.  

The design flood events were used to develop flood depth maps (including water levels), 
provisional hazard categories and hydraulic categorisation maps. 

The results indicate that the floodplain is in its upper reaches up to 1km wide with low hydraulic 
gradient, while the downstream section to the east of the junction with Stony Creek is significantly 
narrower being confined to the valley between the hills surrounding Berrima. Flooding affects a 
number of nearby townships in particular in less frequent flood events.     

A sensitivity analysis was conducted by varying model parameters and assessing the impact that 
varying the parameters would have on model results. A number of factors were varied, with the 1% 
AEP design event as the base figure. Varied factors included blockage at hydraulic structures, 
roughness coefficients, climate change scenarios affecting rainfall intensity, and the loss model 
used by the hydrologic model. The model was most sensitive to increases in rainfall intensities. The 
sensitivity analysis demonstrates that the uncertainty of the flood model and the adopted modelling 
parameters is low - in the order of 0.3m.  

 

Recommendations 

The results of the study satisfy the objectives of the project, providing a solid basis for preparation 
of the Floodplain Risk Management Study, which is the next stage in the flood management 
process.  

Based on the assessment of the quality of data available for calibration and verification for this 
project, the following is recommended to enable future comprehensive data collection and 
monitoring of flood behaviour within the catchment: 

 Further collection of flood affectation information and regular update of the database with 
similar layout as in the flood questionnaire, including date of event for mainstream flooding 
with recorded depths and locations of floodmarks; 

 Further validation of the model, if appropriate flood event data becomes available, in 
particular in case of rare events; 
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 Survey of floodmarks after major events and logging the surveyed levels into the Council’s 
database; 

 Installation of additional pluviographs within the catchment boundaries to form an accurate 
rainfall database representative of the catchment.  
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1 INTRODUCTION 

 

The Wingecarribee River is located in the Wingecarribee Shire Council in the Southern Highlands 
of NSW about 120 km south west of Sydney as shown in Figure 1-1. As a part of the 
Wingecarribee Shire Council (WSC) Floodplain Risk Management process, SMEC was engaged 
by WSC to undertake a flood study of the Wingecarribee River between the Wingecarribee Dam, 
through the Berrima Township and downstream to Wallaby Rocks. 

   

 

Figure 1-1 Wingecarribee Shire Council Local Government Area 

 

The floodplain area of the Wingecarribee River has a history of mainstream flooding and a need 
has been identified to define the extent of flood affectation and to determine appropriate 
development controls and risk management plans.  

Through its Floodplain Risk Management Committee the Council had allocated funds and 
proposed to prepare a comprehensive Floodplain Risk Management Study and Plan for the study 
area, in accordance with the NSW Government’s “Floodplain Development Manual: The 
Management of Flood Liable Land”, April 2005 (The Manual). The Wingecarribee River Flood 
Study constitutes the first stage of the floodplain risk management process for the Wingecarribee 
River and its tributaries in which flooding may have an impact upon residents, properties and 
infrastructure.  

The purpose of the flood study is to identify the flooding issues that affect the project area and 
establish hydrologic and hydraulic models required to determine flood behavior under existing 
conditions. Findings from the flood study may be used in the subsequent Floodplain Risk 
Management Study and Plan to address the existing, future and continuing flood risks.  

A hydrological study of the Wingecarribee Catchment was undertaken as part of this study to 
produce historical and design flood hydrographs as input for hydraulic modelling. The hydrological 
study involved the development of a calibrated WBNM numerical hydrological model and a Flood 
Frequency Analyses (FFA) at two stream flow gauges within Wingecarribee River. Hydraulic 
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modelling of the Wingecarribee River was undertaken using the 2 dimensional hydrodynamic 
modelling software TUFLOW.  
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3 FOREWORD 

The NSW State Government’s Flood Prone Land Policy provides a framework to ensure the 
sustainable use of floodplain environments. The Policy is specifically structured to provide solutions 
to existing flooding problems in rural and urban areas. In addition, the Policy provides a means of 
ensuring that any new development is compatible with the flood hazard and does not create 
additional flooding problems in other areas.  

Under the Policy, the management of flood liable land remains the responsibility of Local 
Government. The NSW Government subsidises a range of floodplain risk management measures 
identified in adopted floodplain risk management plans to alleviate existing and future risk and 
provides specialist technical advice to assist councils with their floodplain management 
responsibilities. 

The Policy provides for technical and financial support by the NSW Government through five 
sequential stages. 

1. Data Collection (as part of asset management and preparation for the following 
stages of the process) 

2. Flood Study (determining the nature and extent of the flood problem) 

3. Floodplain Risk Management Study (evaluation of management options for the 
floodplain, with respect to both existing and proposed development) 

4. Floodplain Risk Management Plan (involving formal adoption by Council of a 
plan of management for the floodplain)  

5. Implementation of the Plan (implementation of property, response and flood 
modification measures to manage existing and future risk so that the continuing 
risk to the community is acceptable and sustainable) 

The floodplain risk management process is illustrated Figure 3-1. 
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Figure 3-1The Floodplain Risk Management Process 
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Data Collection 

 

Compilation of 
existing data and 

collection of 
additional data. 

Usually undertaken 
by consultants 

appointed by the 
Council. 

 

 

 

Flood Study 

  

Defines the nature 
and extent of the 
flood problem in 

technical rather than 
map form. Usually 

undertaken by 
consultants appointed 

by the Council. 

 

 

 

Floodplain Risk 
Management 

Study 

Determines options in 
consideration of 

social, ecological and 
economic factors 

related to flood risk. 
Usually undertaken 

by consultants 
appointed by the 

council. 

 

 

Plan 
Implementation 

 

Implementation of 
flood, response and 
property modification 
measures (including 

mitigation works, 
planning controls, 

flood warnings, flood 
readiness and 

response plans, 
environmental 

rehabilitation, ongoing 
data collection, and 

monitoring) by 
Council. 

Floodplain Risk 
Management 

Plan 

Preferred options 
publicly exhibited and 
subject to revision in 
light of responses. 

Formally approved by 
the Council after 

public exhibition and 
any necessary 
revisions due to 

public comments. 
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4 OBJECTIVES  

 

The primary objective of the study was to define the flood behavior under historical and existing 
conditions of the Wingecarribee River. The study produced information on flood levels, velocities, 
flows, hydraulic categories and provisional hazard for a full range of design flood events under 
existing catchment and floodplain conditions. To achieve the study objective it was required to 
collect, compile and review all available relevant data including survey, aerial photography and 
satellite imagery. 

The design events of interest include the 0.5%, 1%, 2%, 5%, 10% and 20% AEP events, together 
with the Probable Maximum Flood (PMF) event or another specified extreme flood event. 

It was ensured that hydrologic and hydraulic modelling satisfies the study objectives so that the 
models and results produced in this study can form the basis for a subsequent floodplain risk 
management study where detailed assessment of flood mitigation options and floodplain risk 
management measures will be undertaken. The models established in the flood study are also 
suitable for assessment of a range of management options in the floodplain risk management 
study. 
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5 SITE DESCRIPTION 

5.1 Study Area 

 

The Wingecarribee Shire Council (WSC) LGA covers an area of about 2,700km
2
 and is bounded 

by: 

 Wollondilly Shire Council to the north, 

 Wollongong City, Shellharbour City and  Kiama Municipal Councils to the east, 

 Shoalhaven City Council to the south and  

 Goulburn Mulwaree Council to the west. 
 

This area is known as the Southern Highlands of New South Wales and has a population in excess 
of 44,000 (as per Census 2006 data). The pattern of development is one of small towns and 
villages, separated by a semi-rural landscape. The main towns are Bowral, Moss Vale, Mittagong 
and Bundanoon. As well, there are smaller villages like Hill Top, Yerrinbool, Colo Vale, Robertson, 
Berrima, New Berrima, Exeter, Burrawang, Penrose, Willow Vale, Alpine, Balaclava, Renwick, 
Wingello, Sutton Forest, Avoca, Fitzroy Falls and Balmoral Village. 

This Shire is an important catchment area for water supply to Sydney, Wollongong and the 
Northern Shoalhaven with much of the Shire located at or above 640 metres above sea level. The 
Wingecarribee Dam is a link between the Shoalhaven River system and both the Warragamba and 
Nepean Dam systems. The Whites Creek and Mittagong Creek are among the larger tributaries of 
the Wingecarribee River. 

The Wollondilly and Wingecarribee Rivers flow through the West of the Shire, through deep 
sandstone valleys and much of this area forms part of the catchment for Warragamba Dam.  

A detailed hydraulic model was used to assess flooding within the area that extends from the 
Wingecarribee Dam west of Robertson through the Berrima Township and downstream to include 
the constriction at the area known as Wallaby Rocks. This included the urban area of Bowral and 
parts of Moss Vale. The hydrologic assessment was required to cover overall catchment draining 
the runoff to this modelling area. Figure 5-1 provides a layout of the study area and is reproduced 
in Appendix A. 

 

5.2 Main Features of the Study Area  

The study area includes a number of features and structures that are interacting with flooding along 
the river and tributaries. These structures were assessed as part of data collection and allowed for 
in modelling and included: 

 Bridges over the river including: Old Hume Hwy, Railway Line, Railway Parade, Moss Vale 

Rd, Sproules Ln and Sheepwash Rd;  

 Bong Bong Weir, Berrima Weir  and other minor weirs and farm dams; 

 Main tributaries;  

 Wingecarribee Dam (water supply reservoir) and  

 Flow constriction through the Wallaby Rocks – downstream of Berrima.   

 

5.3 Catchment Description 

The Wingecarribee River catchment is dominated by rural landscapes including farmland with 
stands of remnant and regrowth vegetation. A small portion of the catchment contains medium 
density urban development in the major towns. The catchment upstream of Wallaby Rocks has an 
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area of approximately 225km
2
. The river is controlled in the upper catchment by the Wingecarribee 

Reservoir which captures an area of approximately 40km
2
.  
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Figure 5-1 - Study Area 
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6 DATA COLLECTION AND REVIEW 

 

6.1  Drainage, Topographic, GIS Data Sets 

As part of the data submission for the project, Wingecarribee Shire Council provided the following 
GIS data layers for use in the flood study: 

 Aerial photography of the catchment 

 Cadastre showing property boundaries, lot number, and DP/SP number 

 Road lines with name and type of road 

 Aerial laser survey (ALS) of the project area required to be modelled hydraulically   

 10m topographic contours for the whole of the shire 

 Layout of rivers/creeks 

 Location of local bridges/culverts 

 Stormwater sub-catchments 

 Location of stormwater facilities 

 Stormwater conduits & nodes 

 LEP Zoning 

 Location of buildings and their sizes 

 Vegetation 

 Soil landscape/risk/slope. 

The projection of the submitted GIS data is MGA 1994, Zone 56. The data was imported into 
MapInfo and comprehensively assessed for consistency, forming the basis for further investigation, 
modelling and mapping.  

 

6.2  Previous Studies 

A number of flood studies and flood risk management plans have been undertaken within the 
Wingecarribee River Catchment. These include: 

 Burradoo BU2 Catchment Assessment Study  [Cardno, 2010] 

 Bowral Floodplain Risk Management Study and Plan [Bewsher, 2005] 

 Burradoo BU2 Catchment Investigation Study [Boyden and Partners, 2006] 

 Berrima Flood Study, November  [Bewsher Consulting, 2000] 

 Mittagong Rivulet Flood Study [Engineering Department of WSC, 1990]  

The majority of these studies concentrate on minor drainage creeks or tributaries and do not take 
into account direct flooding from the Wingecarribee River. This section outlines previous flood 
studies within the Wingecarribee River that relate to the current study. 

6.2.1 Mittagong Rivulet Flood Study - Engineering Department of WSC, 1990 

The Mittagong Rivulet Flood Study was undertaken by WSC to enable informed decision making 
for planning and development in the Bowral township. A Rafts hydrological model and a HEC2 
hydraulic model formed the basis of the study. This study does not relate to the current undertaking 
due to the limited catchment and flood plain area investigated.  

Table 6-1 provides a comparison of peak flows at the downstream end of the Mittagong Rivulet 
Flood Study Rafts model and peak flows from this study. The table indicates relatively good match 
of 1%AEP flows while 5%AEP flow have been underestimated in WSC study.   
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Table 6-1 Peak Flow Comparison 

AEP (%) 

Peak Flow (m
3
/s) 

Mittagong Rivulet 
Flood Study 

SMEC (2013) 

5 155 185 

1 212 204 

 

6.2.3 Berrima Flood Study, November 2000 – Bewsher Consulting 

A flood study was undertaken to assess flood levels and velocities within the floodplain of the 
Wingecarribee River adjacent to the township of Berrima. The study area extended from the 
Berrima Weir to Wallaby Rocks at the downstream end. 

Due to data acquisition problems, hydrological estimations within the study where undertaken using 
the probabilistic Rational Method and flood frequency analysis. Design flow estimates at the 
Berrima Weir are provided in Table 6-2. 

Table 6-2 Estimated Design Flows 

 

AEP (%) 

Peak Flow (m
3
/s) 

Bewsher (2000) SMEC (2013) 

20 295 500 

10 479 600 

5 684 720 

1 1208 970 

 

Based on the results of the current study (SMEC, 2013), the 5-20%AEP flows in the Bewsher study 
were underestimated, while the 1% flow was overestimated by approximately 25%. Hydraulic 
modelling within the study was undertaken using the 1D hydraulic model HEC-RAS. The hydraulic 
model was based on 15 surveyed waterway cross-sections through the town and a derived 
downstream tailwater condition at Wallaby Rocks. The model was calibrated to three historical 
events.  
 

6.3 Rainfall Gauging Stations 

Locations of daily rainfall and pluviograph  stations were obtained from the Bureau of Meteorology 
(BoM) and are shown in Figure 6-1. There are numerous daily rainfall stations situated throughout 
the catchment, however, many of these stations were not operational for all of the events used for 
the calibration and validation. The pluviograph stations that record rainfall continously were very 
sparse with only two BoM pluviograph stations situated within the central study area (Stations 
68102 & 68054). The Sydney Catchment Authority (SCA) was subsequently contacted for 
additional pluviograph data. Data from one more pluviograph station data was provided by SCA 
(Station 568165) and added to the data from the Bureau of Meteorology.  The presence of an 
additional SCA pluviograph station (Station 568113 located at Wingecarribee Dam) was later 
identified after the model calibration stage (described in Section 12) was completed.  However as 
described in Section 12, the modelled historic discharges from Wingecarribee Dam were derived 
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from recorded streamflows at Sheepwash Bridge and input directly to the model as inflow 
hydrographs. Therefore the omission of data from this SCA pluviograph was not considered likely 
to affect the model calibration results which focussed on parameter selection by matching recorded 
hydrographs at the streamflow gauging stations located downstream of the dam.  Further 
description of the model calibration process is provided in Section 12. 

 

Figure 6-1 Rainfall and Streamflow Gauging Sites 

 

Table 6-3 Rainfall Stations Within or Near the Project Area 

Site Name Source Site Name Source 

68005 BOWRAL POST OFFICE BoM 68157 YARROW (BOURAL) BoM 

68045 
MOSS VALE (HOSKINS 
STREET) 

BoM 68184 
BOWRAL 
CENTENNIAL ROAD 

BoM 

68054 
ROBERTSON (CAALONG 
STREET) 

BoM 68239 MOSS VALE AWS BoM 

68092 BERRIMA (HILLVIEW) BoM 68243 
BURRAWANG 
(SPURFIELD) 

BoM 

68101 BOWRAL  (RIVERSIDE) BoM 68255 
BOWRAL (ORCHARD 
ST) 

BoM 

68102 BOWRAL (PARRY DRIVE) BoM 68044 
MITTAGONG 
(BEATRICE STREET) 

BoM 

68033 MITTAGONG (KIA ORA) BoM 68006 BELANGLO STATE BoM 
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Site Name Source Site Name Source 

FOREST 

68224 ROBERTSON (THE PIE SHOP) BoM 68058 
SUTTON FOREST 
(URALBA) 

BoM 

68009 
BURRAWANG (RANGE 
STREET) 

BoM 68075 
SUTTON FOREST 
(CHERRY TREE 
HILL) 

BoM 

68008 
BUNDANOON BOWLING 
CLUB 

BoM 68091 
BERRIMA WEST 
POST OFFICE 

BoM 

68099 BOYTON LEA BoM 68186 
BERRIMA WEST 
(MEDWAY (WOMBAT 
CREEK)) 

BoM 

68163 LEICESTER PARK BoM 68055 
ROBERTSON 
WATER SUPPLY 

BoM 

68115 OCEAN VIEW (ROBERTSON) BoM 68248 
FITZROY FALLS 
(RED HILLS) 

BoM 

68116 PHEASANTS GROUND BoM 68040 
MITTAGONG 
(MAGUIRES 
CROSSING) 

BoM 

68156 ULSTER PARK BoM 68073 
KANGALOOM E 
(GLEN MAVIS) 

BoM 

68185 
WILDES MEADOW 
(LONGVIEW) 

BoM 68117 
ROBERTSON 
(ST.ANTHONYS) 

BoM 

68195 MOSS VALE (TOROKINA) BoM 68202 
ROBERTSON 
(PEARSONS LANE) 

BoM 

 

Table 6-4 Pluviograph Stations Within or Near the Project Area 

Station n 
Number 

Station Name Source Available Period Note 

68102 Bowral (Parry Drive) BoM 1992-2011 Inside the Catchment 

568165 Moss Vales (Berrima Junction) SCA 1990-2012 Inside the Catchment 

568113 Wingecarribee Dam SCA 1992-2013 Inside the Catchment 

68195 Moss Vale (Torokina) BoM 1971-1992 
Outside of the Catchment / 8km 
to the south 

68054 Robertson (Caalong Street) BoM 2005-2011 
Catchment’s far outskirt in the 
east 

68117 Robertson (St.Anthonys) BoM 1962-2005 
Catchment’s far outskirt in the 
east / Merged to 68054 since 
2005 

Locations of stations were plotted in MapInfo GIS, and superimposed with the catchment layout 
and daily rainfall and streamflow stations (refer to Figure 6-1) indicating three pluviograph stations 
situated within the catchment boundaries and two additional stations outside of the catchment.  
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A number of gauged rainfall data sets for historical flood events was used in this flood study as part 
of the hydrological and hydraulic model calibration. Spatial and temporal variations existed within 
each storm event and these variations needed to be accounted for when used in the modelling of 
historical events.   

The spatial variance of rainfall, that is the variance of rainfall depth over the area of the catchment, 
was assessed using isohyetal maps. The isohyetal maps were developed from daily rainfall gauges 
within and in close proximity to the Wingecarribee River catchment. The results are maps of total 
rainfall depth applicable to each sub-catchment, ensuring the correct rainfall depth is modelled in 
the historical flood events. The isohyetal maps represent the total rainfall depth over the length of 
the storm event, typically 24 to 72 hours. 

The temporal distribution of rainfall relates to the timing and intensity of rainfall over the length of 
the storm event. Temporal distributions for the historical storm events in this study were derived 
from pluviograph records within the catchment.   

Isohyetal maps and recorded pluviograph data from a number of historical storms are included in 
Figures in Section 12.13 . As can be seen, there is a significant trend towards higher rainfall in the 
eastern portion of the catchment, reducing by over 50% at the western extents for the assessed 
storm events. 
 

6.4 Streamflow Gauging Stations 

The locations of the streamflow gauging stations were obtained from SCA and the NSW Office of 
Water based on records held in their database (Pinneena DVD). The locations of gauging sites are 
shown in Figure 6-1.  

Six streamflow gauging stations were located within the study area, with four currently still in 
operation. All four of the currently operating sites have had detailed continuous stream flow data, 
with ongoing water level, including rating curves and daily measurements that have been recorded 
at 9am. 

 Table 6-5 shows the years of operation and periods of continuous flow records.  

Table 6-5 Stream Gauging Stations Within or Near the Project Area 

Stn 
Number 

Stn Name Source Available Period Note 

212030 
WINGECARRIBEE RIVER AT 

BURRADOO (BOWRAL) 
NOW Pineena 9.0 Jul 1927 - Jul 1929 Not in operation 

212031 
WINGECARRIBEE RIVER AT 

BONG BONG WEIR 
SCA Jun 1989 - Mar 2012 In operation 

212272 
WINGECARRIBEE RIVER AT 

BERRIMA WEIR 
SCA 

Jan 1978 - Aug 
2012 

In operation 

212275 
WINGECARRIBEE RIVER AT 

SHEEPWASH BRIDGE 
SCA 1975-2012 

In operation. This site 
provides total outflow 

from dam. 

212022 
WINGECARRIBEE RIVER AT 

SHEEPWASH DAM 
NOW Pineena 9.0 

1913 - 1930 

 
Not in operation 
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6.5 Site Inspection 

Following thorough review of the available data submitted for the project by Council and 
familiarisation with the main project area characteristics, a site inspection was undertaken by the 
SMEC team members in June 2012. The inspection was carried out to: 

 gain an appreciation of the study area and floodplain characteristics; 

 confirm the mainstream flooding area and tributaries; 

 confirm the relevant hydraulic structures; 

 confirm the Manning’s roughness coefficients of the floodways; 

 obtain a photographic record of the study area and relevant structures within it and 

 establish the survey extents.  

 

6.6 Survey Data 

The main topographic data set used in this study was an Aerial Laser Survey (ALS) provided by 
Council. The extent of this data set covered the majority of the Wingecarribee River flood plain.  
Additional contour data required for hydrological assessment of the wider catchment area was 
obtained from NASA ASTER (30m grid) database.   

A combined Digital Terrain Model (DTM) comprising the Council ALS and the Satellite grid was 
developed for use in this study. Figure 6-2 provides a 3D representation of this combined DTM. 

 

 

Figure 6-2 Study Area DTM 
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Based on the findings of the site inspection and established project boundaries, additional  survey 
was arranged through a local survey firm, Richard Cox Surveyors Pty Ltd, to provide the following 
information: 

 Bathymetry of the Wingecarribee River and tributaries within the established project area, 
to complement Council’s ALS survey data;  

 Geometry of the relevant bridges and culverts along the river and tributaries; and  

 Survey of flood marks. 

 

Survey of bridges and culverts included: 

 the shape and size of the structure; 

 the number of segments, spacing between the piers and pier sizes; 

 the invert levels at the upstream and downstream ends of the structure;  

 the width (parallel with the water stream) and length, perpendicular to the water stream;  

 the deck soffit level and top of the deck or road level above the structure and  

 photos of the structure. 

 

Generally, the survey provided sufficient details to adequately define the topography of the main 
waterways and hydraulic structures. Information obtained as part of the survey is presented in 
Appendix B.  

In addition to the topographic survey, the survey of floodmarks was carried out, upon obtaining the 
flood information through the flood questionnaire.  
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7 HISTORY OF FLOODING  

 

The Wingecarribee River Catchment has experienced several large flood events. Historical 
accounts of large floods extend back to 1897/98 and 1964. Gauging of the Wingecarribee River at 
Berrima Weir commenced in 1975. The largest recorded flood occurring within the catchment was 
recorded soon after in March 1978. A list of some of the significant historic flood events as 
recorded at Berrima Weir and Bong Bong Weir flow gauging stations include: 

 March 1978 

 April 1988 

 August 1998 

 August 1990 

 August 1986 

 June 1991 

 

Historical flood photographs where obtained from WCS, residents and previous flood studies and 

are reproduce In Table 7-1. 

 

Table 7-1  Historical Flood Images 

Photograph Description 

 

Flooding of Bong Bong 
Common - 1986 

 

Upstream of Bong Bong 
Bridge 
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Photograph Description 

 

Inundation near  railway 
bridge  

 

Inundation of Railway 
Parade (2012) 

 

 

Boong Bong Track (2007) 
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Photograph Description 

 

River Flooding (2007) 

 

Inundated Weir 

 

Flooding of track gate 
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8 COMMUNITY CONSULTATION 

 

8.1 Flood Questionnaire 

A community consultation process was initiated to inform the community of the flood management 
process underway and obtain flood information for past events. This involved issuing a newspaper 
article and sending a newsletter and flood questionnaire to residents and landowners within Moss 
Vale, Bowral, Burradoo and Berrima nominated by Council. The newsletter introduced the 
floodplain management program to the residents of the area, described the purpose of the 
questionnaire and provided the residents with contacts for their responses. The questionnaire was 
prepared in consultation with Council to help identify flood issues in the catchment and provide 
reliable flood information to assist in the calibration and verification phase of the hydrologic and 
hydraulic computer models. A total of 254 questionnaires were sent to landowners for flood 
information. 

The flood information that was requested included: 

 General information such as: 

 type of property 
 resident status at the property 
 how long the residents have lived at the property. 

 Specific flood Information such as: 

 whether the property has been flood affected in the past 
 which date(s) the property has been affected by floods 
 which parts of the property have been affected by floods and to what depth 
 rate of confidence in the accuracy of the observed depth 
 how quickly water rose 
 how long the flooding lasted 
 at what time the peak flood level was reached 
 rate of confidence in the accuracy of the time of the peak 
 the velocity and depth when the peak of the flood was experienced. (Three 

qualitative options were given for the velocity including stationary, walking pace 
and running pace) 

 where the water was flowing from and to 
 whether there were any floodmarks that highlight levels for a given date and, if so, 

could surveyors take measurements 
 whether there are any photographs or other records of the floods 
 any suggestions for resolving flood and drainage issues in the area, or other 

comments. 
 

The responses to the community survey were thoroughly reviewed, with information of flooding 
effects that could be beneficial to calibration identified and extracted from the database.  

 

8.2 Summary of Responses to Flood Questionnaire 

Although a number of responses were provided (136), many did not contain sufficient information 
required for intended calibration. A number of properties (114) were stated not to be directly 
affected by flooding. Also, to be beneficial for calibration, flood information needed to relate 
specifically to dates of the event, since the flood data needs to correspond to rainfall data for the 
event. Many of the responses failed to indicate the date on which the flood affectation occurred.  
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Twelve (12) questionnaires contained comprehensive information that had sufficient information 
required for calibration and were further considered to check the suitability of information in local 
conditions. These questionnaires indicated that floodmarks were on or near the property and 
provided estimates for depth of flooding either on ground or at structures including houses, garages 
and sheds. Respondents who indicated that they had photographs were contacted and copies 
requested for assessment, where relevant.  

Table 8-1 Community Survey - Summary of Responses 

Category Number 

Total questionnaire responses received 136 

Negative (i.e. no flood affectation at the property) with comments regarding flooding/drainage 
issues 

114 

Positive (i.e. flood affectation registered at the property) but with incomplete information, thus 
could not be used for calibration 

10 

Positive (i.e. flood affectation registered at the property) with complete data relevant for 
calibration 

12 

 

Most of the data obtained from the questionnaire was associated with the March 2012 event, with a 
total of 10 sites indicating flood affectation during that event. Information related to flood events of 
various years and availability of floodmarks as indicated by residents is shown in Table 8-2 and 
Table 8-3. At some properties there were number of flood events noted. The surveyed levels at 
flood marks used for calibration are presented in Section 12.3.3 (Table 12-6).   

 

Table 8-2 Community Survey - Summary of Flood Events Remembered by Residents 

Year No of Flood Events Flood Mark Availability 

1954 1 No 

1956 1 Yes 

1973 1 Yes 

1974 1 Yes 

1975 1 No 

1979 1 Yes 

1983 2 No 

1984 1 No 

1985 1 No 

1986 3 Yes 

1988 5 Yes 

1990 1 Yes 

1996 6 Yes 

1997 1 Yes 

1998 2 Yes 

2001 3 Yes 

2005 1 No 

2007 5 Yes 

2010 3 Yes 

2012 10 Yes 
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Table 8-3 Community Questionnaires – Summary of Positive Responses  

No. Property Address Suburb Date of 
Flood 

Flood 
Depth (m) 

Where was the 
flood depth 
observed 

Confidence in the 
accuracy of the 
observed depth 

Flow 
Velocity 

Where the 
water flows 

from 

Flood Mark Availability 
/Description 

Photos / 
Record 
Available 

1 40C Church Rd Moss Vale 

2010 

 Ground Low - within 0.5m 
Walking 
Pace 

Local Creek / 
Local Drainage 

Flood Level to be 
confirmed by owner at the 
site 

Yes 

2012 

2 1-3 Sullivan Rd Burradoo 

1983 0.25 Ground High - within 5cm 

Running 
Pace 

Roads / Water 
flowing through 
properties 

A specific flood mark 
available for at least one 
event 

No 

2012 5 
Garage/Shed, 
Building and other 

_ 

3 3 Victor Cr Moss Vale 

Jul-1998 

 Behind Property  
Walking 
Pace 

Local Creek / 
Local Drainage 

Property flooded was a 
paddock behind their 
property 

Yes 

Apr-2007 

4 388 Headlam Rd Moss Vale 

Jun-07 1 

Ground Low - within 0.5m 

Walking 
Pace Local Creek / 

Ponding water 
on roads 

Flood Level to be 
confirmed by owner at the 
site 

Yes 

Mar-12 5 
Running 
Pace 

5 154 Headlam Rd Moss Vale 

1996 

_ Ground 
Medium - within 
20cm 

Walking 
Pace 

River 
Flood Level to be 
confirmed by owner at the 
site 

Yes 

1998 

2001 

2012 

6 4 Elizabeth St Burradoo 2012 0.05 
Ground, 
Garage/Shed 

_ 
Walking 
Pace 

Road / Overflow 
from neighbour 

Able to sketch Eridge park 
oval & Bong Bong Picnic 
Rale Track Kangaloon 
Road. 

Yes 

7 47 Eridge Park Rd Burradoo 

Nov-2010 1 Ground 
Medium - within 
20cm 

Stationary/ 
Walking 
Pace 

River / Local 
Drainage 

Flood Level to be 
confirmed by owner at the 
site 

No 

1980's 2 Ground 

8 6 Oldbury Rd Berrima 1998 _ _ _ _ _ She knows how high water 
come up onto her lawn in 

No 
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No. Property Address Suburb Date of 
Flood 

Flood 
Depth (m) 

Where was the 
flood depth 
observed 

Confidence in the 
accuracy of the 
observed depth 

Flow 
Velocity 

Where the 
water flows 

from 

Flood Mark Availability 
/Description 

Photos / 
Record 
Available 

1998 

9 366 Headlam Rd Moss Vale Aug-1986 0.2 Paddocks High - within 5cm Stationary 
Ponding of water 
within properties 

In 1986, water reached the 
underside of the cross 
beams of the road bridge 
at Bong Bong 

Yes 

10 24 Wingecarribee St Berrima May-1988 _ Ground _ 
Running 
Pace 

River / Overflow 
from neighbour 

Flood Mark is on Shed 
Wall. 

Yes 

11 180 Sproules Ln Bowral 

1974 

0.9 Ground High - within 5cm 
Running 
Pace 

River / Local 
Creek 

There may be flood marks 
on the fence crossing the 
flood plain. To be 
confirmed at the site. 

No 

1988 

1990 

1997 

1998 

2007 

12 186 Via Headiam Rd Moss Vale 

1956 0.1 Ground 
Medium - within 
20cm 

Walking 
Pace 

River / Local 
Drainage / 
Ponding / 
Overflow 

A specific flood mark 
available for at least one 
event 

No 
1973 

_ _ _ _ _ 

1979 
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8.3 Public Exhibition 

The Wingecarribee River Flood Study Draft Report was placed on Public Exhibition during the 
months of September and October 2013 and a number of formal and informal submissions were 
received prior to the closing date. Amongst the submissions received were comments on the 
following: 

 Availability of additional rainfall gauge data 

 Implications of future operating levels in Wingecarribee dam 

 Local flooding issue at Kirkham and Mount Roads 

 Date of the aerial imagery presented on the calibration maps 

A summary of the submissions received during the Public Exhibition period and how these 
submissions have been addressed in the Final Report is provided in Appendix E.  
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9 FLOOD FREQUENCY ANALYSIS 

 

A flood frequency analysis (FFA) is a statistical method of estimating peak flood discharges for a 
range of design ARI’s based on historical measured stream gauge data. The method analyses 
recorded gauged stream data and fits this to a theoretical statistical distribution. The resulting 
distribution is then used to estimate design peak flood discharges and can be extrapolated with 
limited accuracy for ARI’s outside the length of available data records.  

Flood frequency analysis is beneficial, especially for larger catchments, as physical factors that 
affect flood magnitude are implicitly included in the analysis, removing the dependency on 
estimated parameters such as those that are required in other hydrological estimation methods (i.e. 
infiltration loss rates for a runoff-routing model). However, errors and uncertainties can occur when 
using FFA, including limitations in the length of continuous data records and the difficulties 
encountered in extrapolating flow / depth rating curves above gauged heights. In addition, there 
can be significant variability in the results depending on the statistical method used. 

 

9.1 Statistical Distribution and Fitting 

A flood frequency analysis was undertaken for the Wingecarribee River using peak annual 
discharges from the Berrima Weir (212272) and Bong Bong Weir (212031) stream gauges.  Fitting 
of the statistical distribution to the data was undertaken using a Bayesian inference method in the 
FLIKE flood frequency software [Kuczera, 2009]. 

Australian Rainfall and Runoff (ARR), IEAUST, 1987, lists two statistical distributions that have 
shown good correlation to flood data within Australia. These distributions include the Log Pearson 
Type III (LP3) and the General Extreme Value (GEV) distributions. ARR also provides a 
recommendation that other statistical distributions may be used in a flood frequency analysis if a 
better fit can be found with the data at hand.  

A comparison of a wide range of distributions was undertaken, using a Kolmogorov Smirnov best fit 
assessment, to assess the suitability of various distributions to the data. It was found that a Log 
Normal distribution provided the best fit for the gauged data at Bong Bong and Berrima Weirs. 

Figure 9-1 and Figure 9-2 plot the resultant flood frequency curves for the two gauged sites. The 
historical peak annual stream flow data has also been plotted for comparison. Table 9-1 provides 
the estimated design peak flow rates for a range of ARI’s resulting from the flood frequency 
analysis.  

 

Table 9-1 Flood Frequency Analysis Peak Discharge Estimates 

AEP (%) 

Qpeak (m
3
/s) 

Berrima Weir Bong Bong Weir 

20 156 93 

10 310 188 

5 549 336 

2 1043 645 

1 1600 997 
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While the flood frequency analysis provides estimated peak flood discharges using the recorded 
historic flows that range up to approximately 100 year ARI, the distribution of more accurate events 
is considered to be at lower ARI’s (due to the number of gauged events used to establish the rating 
curve). Therefore, a calibrated rainfall run-off modelling approach was also examined for the 
Wingecarribee River with an aim to provide more accurate estimates of flows in less frequent 
events. 

 

Figure 9-1 Flood Frequency Analysis – Berrima Weir 

 

 

Figure 9-2 Flood Frequency Analysis - Bong Bong Weir 

1998 1990 
1991 

1978 
1988 1998 

1990 
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The ranking of the top 10 historic events from the annual series analysis at Berrima and Bong Bong 
Weirs are shown in Table 9-2 and Table 9-3  in order of decreasing peak discharge.  

 

The tables indicate a trend in flow peak difference between these two station, where flows in larger 
events i.e. 1998, 1990 and 1991 are approximately 1.6-1.8 times greater at the Berrima station 
compared to the Bong Bong station,  while for other smaller events the Berrima station flows are 
approximately 1.3-1.5 times greater. The ARI trends are showing a similar relationship with the 
estimated ARI’s (from plotting position) being 1.4-1.8 greater at Berrima than at Bong Bong.     

 

Table 9-2  10 Ranked Historic Events Recorded at Berrima Weir 

Event 
Peak Discharge 

(m
3
/s) 

Approximate ARI 

(by plotting position) 

Approximate ARI 

(by fitted curve) 

1978 629 59 25 

1988 456 22 16 

1998 444 14 16 

1990 323 10 11 

1986 297 8 10 

1991 270 6 9 

1995 205 5 7 

2007 177 5 6 

1996 170 4 5 

2012 156 4 5 

 

Table 9-3  10 Ranked Historic Events Recorded at Bong Bong Weir 

Event 
Peak Discharge 

(m
3
/s) 

Approximate ARI 

(by plotting position) 

Approximate ARI 

(by fitted curve) 

1998 277 40 14 

1990 191 15 9 

1991 150 9 7 

1995 144 7 7 

1996 134 5 6 

2012 124 4 6 

2007 122 4 6 

1997 75 3 4 

1992 41 3 3 

2005 37 3 3 
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10 HYDROLOGICAL MODELLING 

 

As part of the hydrological study of the Wingecarribee Catchment, a numerical hydrological model 
was developed to derive estimated historical and design flow hydrographs within the catchment. 
Numerical hydrological models are based on the rainfall-runoff concept and are driven by 
conceptual, physical and statistical parameters. The hydrology software WBNM (Watershed 
Bounded Network Model was used in this study.  

 

10.1 WBNM Software Characteristics 

WBNM (Watershed Bounded Network Model) is a deterministic, non-linear rainfall run-off routing 
model. It contains conceptual models for infiltration and rainfall losses, uses catchment parameters 
such as area, percentage impervious, catchment storage response and is driven by historical or 
statistical rainfall input. This software package has had extensive use in past hydrological studies 
throughout Australia.  

WBNM contains many useful features for flood studies, including built in design storms, runoff from 
impervious and pervious catchment surfaces, flood routing through storage reservoirs, built in 
culvert and weir hydraulics, and diversion of surcharging flows. The program is menu driven and 
designed to satisfy quality assurance requirements. 

WBNM was developed in Australia and is used extensively throughout NSW and other states and 
has been shown to work well on catchments ranging in size from a few square metres to over 
10,000km

2
 of both urban and rural nature.  

Some of WBNM’s features are: 

 Design storms, durations 5 minutes to 72 hours, ARI 1 to 500 years. 

 Probable Maximum Precipitation using GSDM, Bulletin 53. 

 Capability of incorporating long term PMP storms such as GSAM and GTSMR methods. 

 Embedded design storms, with critical burst embedded within longer storms. 

 Historic storms. 

 Built in culvert and weir hydraulics. 

 Fully Windows based. 

 GUI template for building data file. 

 GIS map overlays. 

 Input/output files documented and saved for QA purposes. 

 Extensive graphics for viewing results. 

 Sub-catchments that can be easily added/deleted. 

 Onsite detention is easily added/deleted. 

 Storage reservoirs/detention basins are easily added/deleted. 

 Multiple diversions of surcharging flow. 

 Erodible fuse plug spillway. 

 Excel interface allowing easy build of run files and easy viewing of results. 
 

10.2 WBNM Model Development  

The section outlines the catchment parameters derived for the Wingecarribee River required to 
develop the WBNM model. 

10.2.1   Sub-Catchment Delineation 

The modelling area was divided into sub-catchments based on the available topographic 
information. The location of boundary conditions for the hydraulic model were considered when 
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establishing the locations of sub-catchments. That is, sub-catchments were located where 
hydrographs were required as input data for the hydraulic model and at locations where streamflow 
gauging stations were situated. The delineation of the entire catchment was carried out by utilising 
the specialised terrain analysis and hydrologic algorithms in the Manifold software. This software 
provides sub-catchment delineation by accurate identification of overland flow paths and 
associated sub-catchment boundaries. A total of 43 sub-areas were delineated throughout the 
study area. The catchment delineation is shown in Figure 10-1 and reproduced in Appendix A. 

 

 

Figure 10-1 Hydrological Model Sub-Catchments 

 

10.2.2   Percentage Imperviousness 

The Wingecarribee River catchment is primarily in an undeveloped, cleared farm land condition, 
comprising of very little impervious area. Within the urban areas of Moss Vale, Bowral, Burradoo, 
Robertson, New Berrima and Burrawang, the percentage of impervious area was estimated from 
aerial photography. This was based on the envelope of the developed area within which the 
urbanisation and existence of local stormwater drainage systems is expected to have an impact on 
the runoff response. 

10.2.3  Rainfall Losses 

The initial / continuing loss model was used for rainfall losses within this hydrological model. This 
conceptual model represents runoff being a product of infiltration excess. An initial loss is attributed 
at the beginning of the storm with a steady continuing loss occurring throughout the remainder of 
the storm.  

ARR (Institutions of Engineers Australia 1997, Book 2, Table 3.2) recommended median design 
loss rates for NSW (for regions with mean annual rainfall >300mm) of 10–35mm for initial losses 
and 2.5mm/hr for continuing loss rates for pervious surfaces. For the PMF event the ARR 
publication suggests that an IL of 0mm and CL of 1mm/hr be employed. These values were used 
as a starting point and have been altered in the calibration of the hydrological model to best match 
the recorded hydrographs. 
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10.2.4 Lag Parameter - C 

The overland flow lag time within WBNM represents the sub-catchment storage routing response, 
that is, the time it takes for a sub-catchment to produce / release runoff. Adjustments to this 
response can be achieved through the Lag Parameter, resulting in the concentrating or flattening 
out of the stream flow hydrographs. The Lag Parameter is the main calibration parameter in 
WBNM.  

WBNM recommend a Lag Parameter of 1.6, based on research within gauged catchments. This 
value was applied in the initial model development and was then altered during model calibration in 
conjunction with other modelling parameters to best match historic flows recorded at the gauging 
stations (refer Section 12.5). 

10.2.5  Stream Lag Factor  

Lag times for flow between sub-catchments are calculated internally in WBNM based on 
relationships between overland flow lag, catchment area and flow rate. An adjustment to these lag 
times can be undertaken to represent modifications to the stream channel which may alter flow 
velocities and lag times.   

WBNM recommends a Stream Lag Factor (SLF) of 1.0 for natural channels. Due to the number of 
online storages and weirs within the Wingecarribee River catchment, a general increase in lag 
times was required for the majority of the catchments during the model calibration to improve the 
results (refer Section 12.5). 

10.2.6  Rainfall input 

The WBNM model is driven by historical or design rainfall input. Rainfall is specified spatially over 
the model for each sub catchment based on the isohyetal mapping of historical events. The 
temporal pattern of rainfall is based on the closest pluviograph gauge data.  

10.2.7  Catchment Storages 

The initial water levels and available storage volume within small catchment storages (such as 
small ground depressions, farming water ponds as well as Berrima and Bong Bong Weirs) 
preceding a flood event are unknown. Considering the small volume of these storages and their 
potential to fill very quickly at the beginning of a storm event, their impact on flood peak flows is 
negligible and they have been assumed to be full prior to the storm events. 

To avoid uncertainty resulting from conceptualisation in modelling of the Wingecarribee Dam 
reservoir, discharges into the river from the reservoir at the upstream boundary of the hydraulic 
model domain have been derived from recorded streamflows at the Sheepwash Bridge gauging 
station that is located immediately downstream of the dam. The use of recorded stream flows in the 
calibration removed the need for an estimation of the sensitive hydrological and hydraulic response 
of the dam and the stage prior to a storm event. This provided for a more accurate representation 
of flows in the downstream reaches of the modelling area. 

10.2.8  Base Flow 

An assessment of base flow within the river was undertaken by examining the stream flow prior to 
a flood event. It was found that the base flow was negligible in comparison to the peak discharge 
during flood events. As such, no base flow separation has been included in this assessment.  
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An outline of the sub catchment hydrological parameters is given in Table 10-1. 

 

Table 10-1 - Sub-Catchment Parameters 

Sub- 
Catchment 

Area        
(ha) 

Impervious 
(%) 

Flows To 
Node 

Sub- 
Catchment 

Area (ha) Impervious 
(%) 

Flows To 
Node 

1 627.500 13.0 2 23 126.300 0.0 24 

2 1019.000 0.0 3 24 126.100 0.0 26 

3 941.400 0.0 7 25 370.400 47.0 26 

4 350.400 6.0 6 26 271.000 6.0 27 

5 401.200 0.0 6 27 828.000 4.0 29 

6 119.000 0.0 7 28 643.200 15.0 29 

7 516.200 0.0 9 29 368.000 16.0 37 

8 673.900 0.0 10 30 352.800 1.0 32 

9 102.900 3.0 10 31 444.300 0.0 32 

10 784.800 0.0 12 32 545.700 28.0 33 

11 583.900 0.0 12 33 226.200 40.0 35 

12 555.800 10.0 24 34 339.200 15.0 35 

13 585.700 0.0 15 35 232.400 28.0 36 

14 424.500 0.0 15 36 819.000 46.0 37 

15 429.900 0.0 17 37 956.200 0.0 40 

16 389.700 0.0 17 38 376.300 0.0 39 

17 351.400 0.0 18 39 720.400 7.0 40 

18 763.100 0.0 19 40 714.900 4.0 43 

19 449.600 0.0 23 41 873.200 0.0 42 

20 710.700 0.0 21 42 925.600 2.0 43 

21 381.600 0.0 22 43 90.330 0.0 SINK 

22 236.700 0.0 23     
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11 HYDRAULIC MODELLING 

 

11.1 TUFLOW Software Characteristics 

The two-dimensional hydrodynamic modelling software TUFLOW can be used for a fully dynamic 
modelling of stormwater systems and rivers/creeks in 1D, 2D or combined 1D/2D modes. The 
modelled stormwater systems can also include floodplains, ponds, basins, culverts, bridges and 
underground drainage such as pit and pipe networks. The models may be used either for the 
analysis or design of existing or proposed drainage networks. The TUFLOW software has the 
capability to communicate directly with other geographic information system (GIS) mapping 
software and offers a significant reduction of total time in model computation running times, 
compared with other 2D programs. 

Two-dimensional analysis programs such as TUFLOW use the topography in conjunction with 
continuity and momentum equations to assess the true direction of floodwater as it travels through 
the catchment. TUFLOW is a particularly powerful tool for the hydraulic modelling, as it provides a 
fully dynamic link between the modelled 1D elements and the free surface.  

Two-dimensional modelling offers significant advantages over the 1D model technique for the 
reasons outlined below: 

 Real time modelling from the beginning to the end of the storm. 

 Accurate representation of overland flowpaths based on the topography (DTM), avoiding 
conceptualisation specific to 1D models.  

 Accurate representation of the complex distribution of flows in the network of flowpaths, 
which can vary with storm magnitude and, therefore, cannot be predetermined with any 
certainty ahead of the modelling. 

 More accurate determination of the active part of the floodplain and the delineation of the 
extent of the floodway zones, because in 2D modelling the velocity is allowed to vary 
laterally across the floodplain. 

 More accurate determination of the floodplain storage zones.  

 Easy assessment of impact of major developments, buildings or vegetation along active 
flowpaths on flooding behaviour.  

 Easy assessment of impact of existing and proposed levees on flooding behaviour in terms 
of flood levels, flow and velocity distribution.  

 Demonstrates the role of flow structures, bridges, culverts, embankments and levees in the 
distribution of flows across the floodplain.  

 Demonstrates the impact of opening of presently closed historic flowpaths on flood 
behaviour.  

 Velocity calculation along channels and assessment of the stability of channel banks, 
erosion potential and super elevation. 

 Enhanced graphical presentation of the spatial distribution of the flooding, flood depth, 
flood hazard and velocity distribution. This is particularly useful in presentation of results to 
the Flood Plain Management Committee or in public meetings. 
 

11.2 TUFLOW Model Setup  

11.2.1   2D Domain 

The geometry of the 2D model was established by constructing a uniform grid of square elements 
based on the Digital Terrain Model (DTM) created from the obtained topographic survey data. The 
key considerations in establishing a 2D hydraulic model related to the selection of an appropriate 
grid element size, as this affects the resolution, or degree of accuracy, of the representation of the 
physical properties of the study area. Selection of the grid element size depends on the size of the 
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computer model and its resulting run times, as selecting a very fine grid element size results in both 
a higher resolution and longer model run times.  

In determining the element size for the 2D model, the above issues were considered, in conjunction 
with the final objectives of the study. Given the relatively large size of the study area, run times of 
the model were still of an acceptable length for a grid element size of 20m. This element size over 
the study area provided a good definition of the available topography of the floodplain required for 
modelling.  

 

11.2.2   1D Domain  

Although considered to provide a good resolution for the general floodplain within the project site, 
the 20m element size could not provide a good definition of the river and tributaries within the 2D 
model. Consequently, a dynamically nested one-dimensional (1D) network including the river, 
tributaries, bridges and culverts was embedded into the 2D model to improve the definition of the 
associated water flows.  

 

11.2.3   Hydraulic Structures 

The catchment contains a large number of hydraulic structures in the form of bridges, culverts, 
weirs and pipes. Hydraulic structures were included in the TUFLOW model based on the detailed 
ground survey undertaken for this study. 

Large bridges with a span greater than 40m (2 grid cells) were modelled using layer flow 
constrictions. Smaller structures and culverts were modelled using 1D structures connected to the 
2d domain with point of lines connections. Important elevations including invers, obverts and 
governing surface levels were incorporated from the survey. 

Validation of hydraulic loss through the modelled structures was limited to a visual check of the 
change in water surface profiles through the hydraulic structures during the calibration stage. 

 

11.2.3 Boundary Conditions 

The hydraulic model is governed by boundary conditions that occur at both the upstream and 
downstream extent of the model. The upstream condition for the model was the flow data for the 
modelled storm, including both the historic and design events.  

The upstream boundary conditions were represented by the hydrographs obtained from the 
hydrologic model. These hydrographs were inserted into the 2D model at the upstream boundaries 
of the 2D domain. Within the 2D domain a “direct rainfall on cell” approach was applied for runoff 
computations.  

The downstream boundary condition was established at the most downstream section of the river 
at Wallaby Rocks as normall flow. There were no flow obstructions or hydraulic structures further 
downstream of modelling boundary that would have a significant  impact on flooding conditions 
upstream of Wallaby Rocks. 

 

11.2.4 Surface Roughness 

Based on the aerial photographs submitted by Council, the environment within the modelling area 
was categorised into the following major land uses:  

 Cleared / farm land 
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 Vegetated / forested 

 Urban residential 

 Rural residential 

 Open water 
 

These categories provided a basis for the establishment of the roughness required for modelling. 
Different surface material types were identified for the setting of roughness ‘n’ values for the initial 
modelling runs, based on the sourced technical literature.  

Some of the roughness values were established as a composite roughness value to allow for 
variations in roughness within the specific land use category. For example, the roughness used for 
a typical residential (urban block) category represents a composite roughness value that covers a 
combination of grassed and paved surface treatment, buildings within the block and, in particular, 
fences.  

The adoption of specific roughness values is discussed in the following sections of the report.  

It should be noted that due to the use of a rainfall on grid approach, a high roughness value, of 
0.10, is used for shallow depths of sheet flow (hydrologic component of runoff) in line with ARR 
recommendations and transitioned to the specified Manning’s roughness at 10mm depth for 
computation of concentrated flow (hydraulic runoff component) . This provides added stability to the 
model and represents the catchment storage and runoff response. 
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12 MODEL CALIBRATION 

 

The calibration process involved two stages, the calibration of the hydrologic model through 
comparison of recorded and simulated hydrographs and the calibration of the hydraulic model 
through the comparison of recorded and simulated flood levels. Once the hydrologic model was 
calibrated, the modelling outputs provided flows and rainfall parameters that used in the calibration 
of the hydraulic model. Satisfactory results from both models confirmed the adequacy of the 
modelling parameters for application in modelling design flood events.  

 

12.1 Calibration /Validation Events 

 

12.1.1 Selection of the Events 

The available pluviograph data for two stations centrally located within the catchment spans from 
1990 to 2012 (SCA station 568165) and 1992 to 2012 (BoM station 68102). For location of the 
stations refer to Figure 6-1.  The combined data for pluviograph stations 68054 and 68117 covers 
the longer time span, however these stations are located at the far end of the eastern catchment 
boundary and may not properly represent the temporal distribution of rain within the central part of 
the catchment around the townships.  Similarly, the station 68195 is located some 8 km south of 
the catchment.  

To maximize use of gauging station records and achieve the best outcomes for the calibration and 
validation process, the selection of the most suitable events focused on those that occurred since 
1990. Such an approach helped in avoiding potential problems that would arise from using the 
events without sufficient pluviograph data coverage within the catchment as using only the 
pluviograph data from distant stations (such as the station 68195 for pre 1992 events) could 
significantly skew the results.  

A consideration was also given to availability of potential floodmarks for the most significant flood 
events within the period of interest (i.e. since 1990). Table 12-1 provides the available flood marks 
for recent flood events. 

 

Table 12-1 Availability of Flood Marks for the Flood Events Since 1990 

Year in Order of Flood 
Significance 

Number of Flood 
Marks Available Based 

on Flood 
Questionnaire 

Number of Flood Marks 
Available From Berrima 

Flood Study, 2000 

1998  5  

1990  1 2 

1991  -  

2007  2  

2012  3  

 

Continuous measurements recorded at Bong Bong Weir near Moss Vale (station 212031) and 
Berrima Weir (station 212272) were used as most suitable for calibration being two sites situated 
centrally within the modelling area and closest to the major towns. The events with larger flowrates 
were considered in favour of smaller events to provide more reliable results when modelling.  
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In communication with Council and OEH, the August 1998 and August 1990 were selected for 
calibration while the March 2012 was adopted for validation of the models. 

It was noted that the modelling calibration in Berrima Flood Study by Bewsher Consulting, 2000, 
used March 1978 (the largest event on the record), April 1988 and August 1998 (two events of very 
similar magnitude) as well as 1990 events for calibration/validation, in order of significance. The 
nature of modelling and calibration in Bewsher’s 2000 study was rather simplistic, using 
Probabilistic Rational Method for hydrology assessment, which did not require a detailed 
pluviograph data and was potentially one of the reasons for large discrepancies reported between 
the observed and modelled levels. Although the selection of calibration/validation events for this 
current  study excludes the March 1978 and April 1988 events due to inadequate pluviograph data, 
the other two events from Bewsher study are included with the August 1998 event being similar to 
April 1988.    

The rainfall spatial and temporal distributions of storms used in the calibration are discussed in 
Section 12.1.3 and Section 12.1.4 below. 

 

12.1.2 Description of Events 

The three rainfall events used in the calibration and validation of the flood models show similar 
spatial distributions with a  trend for high rainfall totals in the east of the catchment which dissipate 
significantly, up to 60%, towards the western extent of the catchment.  

The rainfall intensities of the three storm events are characterised by: 

 

 August 1998: Steady low rainfall started at midday on the 6
th
, followed by a 

concentrated peak in the evening on the 7
th
 that lasted until morning on the 8

th
 with 

recorded intensities up to 50mm/hour. 

 August 1990: Preceding dry conditions with sustained rainfall of 6mm/hour starting on 
the evening of the 31

st
 of July followed by a short bursts up to 30-50mm/hr from the 

morning  on the 1
st
 of August and over the next 24 hours . 

 March 2012: Sustained rainfall of 1 to 10mm/hr starting midday on the 7
th 

and lasting 
for 36 hours. 

 

12.1.3 Spatial Distribution of Rainfall  

Rainfall data has shown to vary across the catchment, not only for different events but also in 
different areas of the catchment. To develop the maps of total rainfall (i.e. isohyetal maps), varying 
across the catchment, daily rainfall data was obtained from the Bureau of Meteorology website and 
compiled for each event. Three-dimensional (3D) surfaces of rainfall were modelled using the 
MapInfo GIS software, with the results applied to each sub-area in the hydrologic model. 

The spatial distribution (or isohyetal maps) for each historic event are shown in Figures 12.1-1 to 
12.1-3 . The daily read stations used in developing the maps have also been shown on the maps, 
together with the total rainfall for the entire event. In some cases, rainfall stations did not have data, 
either due to malfunctioning of the equipment or because the station was not in operation at that 
time. 
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Figure 12.1-1 - August 1998 Isohyetal Map 

 

 

 

 

Figure 12.1-2 - August 1990 Isohyetal Map 
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Figure 12.1-3 - March 2012 Isohyetal Map 

 

 

12.1.4 Temporal Distribution of Rainfall  

The temporal distribution of rainfall is derived from pluviograph records that describe the rainfall 
intensity or instantaneous rainfall over time. Figure 12.2-1 to Figure 12.2-3 graphs indicate the 
available rainfall distribution for the selected storm events at the operational pluviograph stations. 
The data is presented as recorded, either in 6min (Stations 6817, 68102 and 68054) or 1hr 
segments (Station 568165).  
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Figure 12.2-1 - August 1998 Pluviograph Data 

 

 

Figure 12.2-2 August: 1990 Pluviograph Data 
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Figure 12.2-3  March 2012 Pluviograph Data 

 



 

 

 

 

     Wingecarribee River Flood Study | 30011267 | Final Report| January 2014  41 

  

12.2 Hydrologic Model Calibration  

 

Calibration of the hydrological model was undertaken against recorded streamflow at Berrima and 
Bong Bong Weirs.  An attempt was made initially to use common losses and storage factors 
uniformly throughout the catchment for all events. It was found that a uniform set of parameters 
could not produce a good match of flows for all observed storm events. A significant spatial 
variation of the results was noted where the peak discharge and volumes for all storms were 
significantly underestimated in the lower parts of the catchment (i.e. near Berrima), while in the 
upper portion of the catchment (i.e. upstream of Bong Bong Weir) they were relatively close to 
observed flows or slightly overestimated. Therefore, a uniform set of parameters could not achieve 
a consistently good match in the results.  

The hydrological parameters used in model calibration include: 

 Initial Loss: Affects the initial volume and timing of the discharge  

 Continuing Loss: Affects overall runoff volume and peak discharge 

 Storage Lag: Relates to the speed of runoff response and affects hydrograph shape and 
peak discharge 

 Stream Lag: Affects timing of hydrographs and peak discharge 

A review of available historic aerial photos (Google) has shown that the towns within the study area 
have undergone some urban development over the range of calibration years. The change in area 
of developed land is minimal compared to the overall size of the catchment. As such, land use 
parameters have not been altered between the calibration events.  

Discharges into Wingecarribee river form Wingecarribee reservoir have been derived from 
recorded streamflow at Sheepwash Bridge. The use of the recorded stream flow removes the need 
to model the overflow sensitive hydrological and hydraulic responses of the dam and the stage 
prior to a storm event.  

The modelled hydrographs were plotted using both an attempted best fit of losses common to all 
events and design losses from ARR common to all events. A relatively high lag factor was used in 
both cases to best describe the catchment and channel storage routing effects. The storage effects 
attenuate and retard the hydrograph while reducing the peak discharge.  

To achieve satisfactory model calibration and in particular to increase the initially underestimated 
flows and volumes in the lower part of the catchment, it was required to spatially vary hydrological 
parameters over the model domain. The catchment was split into an Upper Catchment (east of 
Bong Bong Weir) and a Lower Catchment (between Bong Bong and Berrima). The model 
responded well to the reduction of losses and lag in Lower Catchment which assured that the 
observed historic flows at both gauging stations were matched within the acceptable limits.  

Justification of such an approach can be found in a number of factors representing specific features 
of the catchment that potentially might have had an impact on initial results:  

 An unusually elongated shape of the catchment with much steeper upper sections 
compared to the flat lower parts of the catchment.  

 A significant tributary (Mittagong Creek) contributing flows between Bong Bong and 
Berrima. This creek’s catchment is also very elongated and has very different hydrologic 
characteristics compared to the lower parts of the river catchment. It also contains a 
significant urbanised area of the Bowral township with its drainage systems discharging 
directly into the creek, thus shortening the catchment runoff response.         

 The trend displayed by the selected calibration/validation events indicating high rainfall 
totals in the east of the catchment which dissipate significantly, up to 60%, towards the 
western end.  

Plots of the calibrated model and gauged hydrographs are shown in Figure 12.3-1 to              
Figure 12.5-2.  
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Figure 12.3-1 August 1998 Hydrological Calibration - Bong Bong Weir 

 

 

 

 

Figure 12.3-2 August 1998 Hydrological Calibration - Berrima Weir 
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Figure 12.4-1  August 1990 Hydrological Calibration - Bong Bong Weir 

 

 

 

 

Figure 12.4-2  August 1990 Hydrological Calibration - Berrima Weir 
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Figure 12.5-1  March 2012 Hydrological Validation - Bong Bong Weir 

 

 

 

Figure 12.5-2  March 2012 Hydrological Validation - Berrima Weir 
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Table 12-2 provides a comparison of gauged and modelled peak discharges. Table 12-3 outlines 
the final calibration and validation parameters used in the WBNM hydrological model.  

 

Table 12-2 Gauge and Model Peak Discharge Comparison 

Event Location Gauge (m
3
/s) Model (m

3
/s) Difference (%) 

1990 
Bong Bong 191 183 -4% 

Berrima 323 324 0% 

1998 
Bong Bong 278 284 +2% 

Berrima 443 431 -3% 

2012 
Bong Bong 123 117 -5% 

Berrima 156 173 +10% 

      

Table 12-3 WBNM Calibration Parameters 

Event Lag C 
Initial Loss (mm) Continuing Loss (mm/hr) 

Upper Lower Upper Lower 

1990 1.4 - 1.6 15 15 1.7 0.5 

1998 1.4 - 1.8 15 10 1.2 0.5 

2012  1.4 - 1.8 15 10 1.2 0.5 

     Upper = east of Bong Bong / Lower = west of Bong Bong 

 

Hydrological parameters adopted for the 2012 validation event were derived using the lower of the 
two parameter sets obtained from the calibration procedure (i.e. the 1998 event) as this produced 
the best match at both gauges for the validation event. 

 

As shown in the calibration plots, a good match to the gauged hydrographs was obtained for 1998 
and 1990 flood events. The hydrograph shape, peak discharge and volumes were reproduced 
particularly well at both stream gauges with a maximum difference in flow peak of 4%.  

 

The magnitudes and volume of flow for the 2012 validation event is also reproduced relatively well, 
particularly at the Bong Bong Weir gauge (-5%), while at the Berrima Weir gauge the flows are 
slightly over estimated (+10%). This variation is not unreasonable considering that the 2012 event 
is of a significantly lower magnitude than 1998 and 1990 events (approximately one third of 1998 
and one half of 1990 flows). This indicates that the results are more bias towards the larger events 
(due to the adoption of modelling parameters originating from calibration using larger storms), and 
that some differences in results could be expected when simulating more frequent events.  
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12.3 Hydraulic Model Calibration  

Calibration of the hydraulic model was required to confirm the capability of the model to accurately 
reproduce the flood levels based on the flow obtained from the hydrological model. The calibration 
was undertaken using the 1990 and 1998 flood events and validation was undertaken using the 
2012 flood event.   

 

12.3.1 Hydraulic Model Calibration Parameters 

Calibration of the hydraulic model was limited to a few select parameters. Due to the use of a 
rainfall on grid approach within the hydraulic model bounds, hydrological parameters within the 
TUFLOW model were also used for model calibration. The parameters used include: 

 Manning’s Roughness: affects catchment runoff response and flow depths within the 
main floodplain. 

 Storage Reduction Factor: a non-physical parameter that affects the model cell storage 
capacity representing an alteration in runoff speed / volume.  

 Refinement of Topography: Due to the large model grid size, some elevations within the 
river and tributaries relevant for calibration may be lost. Areas with calibration points were 
refined based on the base DEM data.  

 Hydrological Loses: Initially based on hydrological model parameters, altered to achieve 
hydrograph calibration.  

 Form Loss: Accounts for additional hydraulic losses at bridges not accounted for through 
flow contraction or expansion.  

As the results of the initial hydraulic modelling provided the same outcomes as in hydrological 
modelling (i.e. a significant underestimation of flows in the downstream parts of the catchment),  to 
achieve a better calibration, parameters where varied spatially over the model domain. Following 
the analogy utilized in hydrologic model calibration, the catchment was split into an Upper 
Catchment (east of Bong Bong Weir) and a Lower catchment (between Bong Bong Weir and 
Berrima).   

 

12.3.2 Hydraulic Model Calibration - Gauged Flows   

Calibration and validation of discharges within the hydraulic model was undertaken against the two 
stream gauge stations within the Wingecarribee River. Figure 12.6 to Figure 12.8 plots the 
comparisons between the recovered and modelled hydrographs at the two gauging stations. Flood 
depth maps for the three events are included in Appendix C. 

 

Note that the slight oscillations present in modelled hydrographs at Berrima Weir are due to the 
location of the output line in close proximity to the weir. The flow oscillations dissipate downstream 
of the structure and do not affect the hydraulic modelling.   
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Figure 12.6-1 August 1998 Hydraulic Calibration Bong Bong Weir 

 

 

 

 

 

Figure 12.6-2 August 1998 Hydraulic Calibration Berrima Weir 
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Figure 12.7-1 August 1990 Hydraulic Calibration Boong Bong Weir 

 

 

 

 

 

Figure 12.7-2  August 1990 Hydraulic Calibration Berrima Weir 
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Figure 12.8-1 March 2012 Hydraulic Validation Bong Bong Weir 

 

 

 

 

 

Figure 12.8-2  March 2012 Hydraulic Validation Berrima Weir 
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Table 12-4 outlines the gauged and modeled peak discharges, and difference, for each of the flood 
events. Table 12-5 outlines the final calibration and validation parameters used in the WBNM 
hydrological model 

 

Table 12-4 Gauge and Model Peak Discharge Compassion 

Event Location Gauge (m
3
/s) Model (m

3
/s) Difference (%) 

1990 

Bong Bong 191 194 +2% 

Berrima 323 308 -5% 

1998 

Bong Bong 278 294 +6% 

Berrima 443 417 -6% 

2012 

Bong Bong 123 120 -2% 

Berrima 156 140 -10% 

 

Table 12-5 TUFLOW Calibration Parameters 

Event 

Manning’s Roughness Storage Reduction Factor  

Cleared / 
Floodplain Dense 

Residential 
Rural 

Residential 
Vegetation 

Open 
Water 

Upper Lower 

Upper Lower 

1990 0.040 0.030 

0.055 0.045 0.07 0.015 

0.0 0.2 

1998 0.040 0.025 0.0 0.4 

2012  0.040 0.030 0.0 0.2 

     Upper = east of Bong Bong / Lower = west of Bong Bong 

 

As in the case of hydrological modelling, after the spatial adjustment of the parameters the 
modeled flows from the TUFLOW model were matching the observed historic flows very well, 
providing a reasonable confidence for use of the model in calibration against the flood marks. The 
adopted calibration parameters provide a middle ground in matching the peak discharges at both 
the weir gauges for the calibration events. 

 

12.3.3 Hydraulic Model Calibration - Surveyed Flood Marks  

Calibration of the flood levels and depths within the hydraulic model was undertaken using 
surveyed flood marks. A limited number of reliable historical flood marks identified during the 
community consultation process were used as the basis for calibration. Mark reliability is a 
combination of the confidence of the location and level of the mark provided by the community 
contact, the method of mark recording (eg photograph, mark on fence post), and the potential 
variation in estimated elevation (high variance for points located on floodplain with no fixed 
structure).  

Table 12-6 to Table 12-8 provides a comparison between the surveyed flood marks and the level 
obtained in the hydraulic model. It is indicative that the maximum modelled difference in levels is 
not greater than 0.19m with the greatest median difference of all category marks in a single event 
not exceeding 0.12m (absolute value) which is an exceptionally good result considering the size of 
the catchment and floodplain and magnitude of the observed events.  The locations of surveyed 
flood marks are shown in Appendix C. 
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Table 12-6 1990 Event -Calibration Flood Marks 

Flood Mark 
Flood Mark 
Confidence 

Mark Location 
Waterway 
Location 

Mark Description Recorded Level Model Level Difference  (m) 

1 Low 180 Sproules Ln, Bowral River Position along fence 658.00 657.95 -0.05 

H1 Doubtful Lot 2 Jellore St, Berrima River Ground level at corer post of vegetable garden 645.81 645.64 -0.17 

H13 Good 15-17 Market Place, Berrima River 
Rear garden stairs top of riser immediately up 

from handrail mid pole support 
646.20 646.30 0.10 

Median of all Good marks / Median of absolute value of all Good marks 0.10 / 0.10 

Median of all marks / Median of absolute value of all marks -0.04 / 0.11 

 

        Table 12-7 1998 Event Calibration Flood Mark Points 

Flood Mark 
Flood Mark 
Confidence 

Mark Location 
Waterway 
Location 

Mark Description Recorded Level Model Level Difference (m) 

3 Low 3 Victor Cr, Moss Vale Tributary Estimate water level at stump 658.10 658.19 0.09 

4 Good 154 Headlam Rd, Moss Vale River Estimate water level at post from photo 653.30 653.49 0.19 

5 Low 6 Oldbury Rd, Bowral River Approx indication by owner 647.10 647.20 0.10 

6 Low 180 Sproules Ln, Bowral River At fence line 658.2 658.16 -0.04 

7 Good Town Bridge, Berrima River Depth marker 646.93 646.72 -0.19 

Median of all Good marks / Median of absolute value of all Good marks 0.00 / 0.19 

Median of all marks / Median of absolute value of all marks 0.03 / 0.12 

 

         Table 12-8 2012 Event Calibration Flood Mark Points 

Flood Mark 
Flood Mark 
Confidence 

Mark Location 
Waterway 
Location 

Mark Description Recorded Level Model Level Difference  (m) 

10 Low 40C Church Rd, Moss Vale Tributary Water level at shed 660.58 660.66 0.08 

11 Good 388 Headlam Rd, Moss Vale Tributary Estimate water level at fence 660.90 660.79 -0.11 

12 Good 6 Oldbury Rd, Berrima River Water level on ground 644.35 664.52 0.17 

Median of all Good marks / Median of absolute value of all Good marks 0.03 / 0.14 

Median of all marks / Median of absolute value of all marks 0.05 / 0.12 
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12.4 Calibration Summary   

Generally, a very good calibration was achieved in both hydrological and hydraulic models used in 
this study.  

A good match to the gauged hydrographs was obtained from the calibration of the WBNM 
hydrological model. The hydrograph shape, peak discharge and volumes were reproduced 
particularly well at both stream gauges across the range of the modelled historic events.  

Similarly, the hydraulic (TUFLOW) model showed good comparison to the gauged hydrographs at 
both stream gauges for all events. Calibration of the models required spatial variance in hydraulic 
and hydrological parameters and the use of a non-physical storage reduction factor. 

A good level of calibration was also obtained against the surveyed flood marks for the calibration 
and verification simulations.   

Based on the results of calibration and validation, both hydrologic and hydraulic models can 
accurately simulate the rainfall-runoff process and flood behavior with the catchment and the 
Wingecarribee River floodplain and as such they provide a solid basis for modelling of the design 
events. A high level of confidence in the results of modelling will provide assurance that Council 
has been provided with the best tool for floodplain management and flood related development 
control. 

 

12.5 Adopted Modelling Parameters  

The calibration and validation of the hydrologic/hydraulic models against the historic flood event 
confirmed the appropriateness of the final modelling parameters. The hydrologic parameters 
recommended for adoption for modelling design events were derived from the calibration 
parameter set   which produced the best hydrograph match at both gauges for the validation event 
(i.e. the 1998 event). 

 

Table 12-9 Adopted Hydrologic Modelling Parameters 

Parameter Upper Catchment Lower Catchment 

Initial Loss  15mm 10mm 

Continuous Loss  1.2 mm/hr 0.5 mm/hr 

Lag C 1.4 – 1.8 

Stream Lag 0.8 – 1.4 

 

Although the ARR (Book 2, Table 3.2) recommends the design continuing loss value of 2.5mm/hr, 
the recommended values in Table 12-9 are considered to be more appropriate for design being 
confirmed by calibration and more conservative (low) than the ARR values. The recommended 
values of initial loss are within the range recommended by the ARR publication (10-35mm), and 
being at the lower end of the range represents a more critical value.  

 

The hydraulic parameters recommended for adoption for modelling design events were derived 
from the calibration parameter set for the 1990 event which were more conservative and produced 
the best water level match at both gauges for the validation event.   
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To achieve uniformity of modelling parameters, the catchment lag coefficient, rainfall loss and 
stream lag factor upstream of the Wingecarribee Dam maintained the same values as for the rest 
of the Upper Catchment area. A minor inconsistency with this approach exists in some of the sub-
catchments in the reservoir area that are partially inundated with stored water. The wet area extent 
in these sub-catchments is subject to significant variations due to the shallowness of the storage 
and application of parameters more suitable for permanently wet areas was not considered 
appropriate. However, it was later confirmed by testing that the adopted approach has no impact 
on the overall modelling results due to negligible differences in flows observed within the 2D 
modelling area. 

 

Table 12-10 Adopted Hydraulic Modelling Parameters 

Parameter Value  

Manning’s 
Roughness 
Coefficient 

Cleared / Floodplain (Upper) 0.035 

Cleared / Floodplain (Lower) 0.030 

Dense Residential 0.055 

Rural Residential 0.045 

 Vegetation 0.070 

Open Water 0.015 

Hydraulic 
Structures 

2D Bridge Form Loss 0.2 - 0.3 

Blockage Factor 20% 

Misc. Storage Reduction Factor (Upper) 0.0 

Storage Reduction Factor SRF (Lower) 0.2 

 

The recommended 20% blockage allows for some debris impact around the bridge decks and piers 
that is realistic to expect to happen in severe storm events. Some combinations of blockage were 
tested as part of model sensitivity testing at later stages of the project.      

The recommended parameters were adopted for modelling design events in consultation with OEH 
and Council.  
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13 DESIGN STORM EVENTS  

 

A range of design storm events were simulated to define flood extents, depths, levels and 
provisional hydraulic hazards within the Wingecarribee River. Design rainfall data was input into the 
calibrated hydrological and hydraulic models. This section provides the derivation of design rainfall 
data and outlines the design storm methodology. 

 

13.1 Methodology 

1% AEP storm events were simulated for a number of durations to determine the critical duration 
within the catchment. Based on peak flows within the river, this resulted in a critical duration of 12 
hours. The 12 hour duration storm event was then adopted for the other AEP events for simulation 
in the hydrological and hydraulic models.  

 

13.1.1 Model Parameters 

Hydrological and hydraulic modelling parameters were derived in the calibration phase and are 
outlined in Section 12. Refinement of the hydraulic model to a 10m grid was undertaken to 
increase resolution and accuracy of results.  

 

13.1.2 Design Rainfall 

Design rainfall was derived using a representative IFD table for the Wingecarribee River 
Catchment. The IFD table was generated for the centroid of the catchment to account for spatial 
differences in rainfall depths seen in the historical storm events.  Table 13-1 outlines the adopted 
IFD table used in this study. 

 

Table 13-1 Wingecarribee River IFD Table 

DURATION 

Average Recurrence Interval (Years) 

1 2 5 10 20 50 100 

1Hr 24.4 31.6 41.2 46.8 54.3 64.1 71.7 

2Hrs 16.1 20.8 27.3 31.1 36.2 42.8 48 

3Hrs 12.5 16.2 21.3 24.4 28.4 33.7 37.8 

6Hrs 8.08 10.5 13.9 16 18.7 22.3 25 

12Hrs 5.31 6.92 9.18 10.5 12.3 14.7 16.5 

24Hrs 3.56 4.62 6.07 6.93 8.06 9.55 10.7 

48Hrs 2.38 3.07 3.94 4.45 5.13 6.02 6.69 

72Hrs 1.82 2.34 2.97 3.34 3.83 4.48 4.97 

 

An aerial reduction factor (ARF) was applied to the IFD data to convert the point rainfall depths into 
a catchment wide value. The ARF was based on the ARR Stage 2 Project Report - Spatial Patterns 
of Design Rainfall.  
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Table 13-2 Adopted Aerial Reduction Factors 

DURATION ARF 

1Hr 0.74 

2Hrs 0.78 

3Hrs 0.80 

6Hrs 0.84 

12Hrs 0.88 

24Hrs 0.90 

72Hrs 0.97 

 

Standard temporal patterns for Zone 3, as outlined in ARR, where utilised in this study. 

13.1.3 Wingecarribee Dam 

The Wingecarribee Dam detains flow from approximately 1/3 of the Wingecarribee River catchment 
area and plays an important role in flood mitigation of the region. To derive critical flood 
characteristics during design storm simulations, an assumption that the dam was at full supply level 
- FSL (i.e. no available flood storage) prior to design storm events was adopted for this study. 
Similarly, other storages within the Wingecarribee River Catchment, including large weirs and small 
farm dams, have all been assumed full for design storm simulations.  

Dam Stage-Storage and Stage-Discharge data was supplied by SCA for this study. This was 
incorporated in the hydrological model to simulate the attenuation provided by the dam storage and 
spillway, Table 13-3 outlines a summary of this data: 

 

Table 13-3 Wingecarribee Dam Storage and Discharge 

Depth Above FSL (m) Total Storage (ML) Disharge (m
3
/s) 

-1.0 19800 0 

-0.8 20640 0 

-0.6 21490 0 

-0.4 22354 0 

-0.2 23233 0 

0.0 24130 0 

0.2 34698 141 

0.4 35982 266 

0.6 37288 339 

0.8 38614 365 

1.0 39964 380 

 

Figure 13-1 provides a time history of water level, in relation to FSL, within the Wingecarribee 
Dam. As shown, the water level is most of the time bellow the FSL (FSL=0.0mRL). The level of 
approximately 1.0-2.0m below the FSL has been recorded in recent years following an interim 
period of lowered upper storage limit to between 1.3 and 2.0 m below FSL, imposed for safety 
reasons after  the collapse of the peat swamp in the flood of 1998. It is understood that the upper 
storage limit will now be raised to 0.3m below FSL following the recent completion of dam safety 
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improvements to mitigate the risk of peat swamp collapse and therefore reservoir water levels will 
no longer be deliberately drawn down to the lower levels observed after 1998. 

 

Figure 13-1  Wingecarribee Dam Water Level  

 

13.1.4 Rainfall for Probable Maximum Flood (PMF) 

Rainfall for the PMF (known as Probable Maximum Precipitation — PMP) was derived for short and 
long duration storm events, as outlined in ARR and published in the Bureau of Meteorology’s 
Generalised Short Duration Method (GSDM) and Generalised South-East Method (GSAM). The 
GSDM method outlines PMP estimates for storm durations up to 6 hours in duration, and the 
GSAM method is for durations up to 120 hours. 

Both the GSDM and GTSMR methods were modelled with varying temporal and spatial patterns. 
The critical storm duration event that produced the maximum PMP inflows within the river was the 
5 hour event.  

 

13.2 Modelling Results 

Mapping of the design flood events is discussed in Section 15. 

 

13.2.1 Description of Flooding  

The results indicate that the floodplain is in its upper reaches up to 1km wide with low hydraulic 
gradient, while the downstream section to the east of the junction with Stony Creek is significantly 
narrower being confined to the valley between the hills surrounding Berrima. The floodplain 
generally follows the river with the only significant redirection occurring in PMF conditions between 
Burradoo and Bong Bong. Flooding affects a number of nearby townships, (specifically southern 
parts of Berrima and Burradoo and parts of Moss Vale/BongBong to the north). The affectation is 
intensified in less frequent flood events and in particular PMF. East Bowral and New Berrima are 
located on the higher ground and as such not subject to river flooding.     

The effect of Berrima Weir on flood depths upstream of the structure is considerable. Figure 13-2 
plots the water surface profile of the 1% AEP. As shown, flood waters are retained significantly by 
the weir.  Removal of the weir may reduce the flood impacts upstream of Berrima.  



 

 

 

 

     Wingecarribee River Flood Study | 30011267 | Final Report| January 2014  57 

  

 

Figure 13-2  1% AEP Water Surface Profile  

 

13.3.1 Inundations of the Transport Network 

Table 13-4 compares the crossing elevation of a number of river crossings within the study area 
against the resultant design flood levels. 

As shown, the major transport routes comprising of Moss Vale Road, the Railway Crossing and the 
Old Hume Highway are not inundated and remain open in floods greater than a 1 % AEP flood 
event. Smaller local roads are cut off more frequently with Railway Parade susceptible to minor 
flood events 
 

Table 13-4 Design Flood Levels at River Crossings 

CROSSING 

DESIGN FLOOD LEVEL (mAHD) 

Road 
Level 

20% AEP 10% AEP 5% AEP 2% AEP 1% AEP 
0.5% 
AEP 

PMF 

Sheepwash 
Bridge 

669.97 664.89 665.01 665.15 665.31 665.44 665.53 655.71 

Sproules Road 661.15 661.06 661.13 661.23 661.32 661.40 661.47 663.69 

Moss Vale 
Road 

655.70 653.80 654.02 654.33 654.76 655.09 655.47 663.49 

Railway 
Parade 

649.24 652.86 653.30 653.79 654.35 654.75 655.14 663.48 

Railway 
Crossing 

653.84 652.85 653.28 653.77 654.32 654.73 654.14 663.48 

Old Hume 
Hwy 

650.51 647.03 647.61 648.24 648.94 650.28 651.09 656.98 



 

 

 

 

     Wingecarribee River Flood Study | 30011267 | Final Report| January 2014  58 

  

* highlighted values indicate overtopping of the structure  

13.2.3 Peak Discharges 

Table 13-5 outlines peak discharges resulting from this study at the Bong Bong and Berrima Weir 

gauges.  

 

Table 13-5 - Modelled Peak Discharge 

AEP (%) 
Model Peak Discharge (m

3
/s) 

Berrima Bong Bong 

20 500 440 

10 600 520 

5 720 620 

2 870 750 

1 970 830 

0.5 1,080 920 

PMP 5,120 4,050 
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14 SENSITIVITY ANALYSIS  

 

A sensitivity analysis of model results was conducted by varying model parameters and assessing 
the impact on peak discharges and water levels within the Wingecarribee River floodplain. The 
appropriate parameters were adopted in consultation with Council and OEH. The results of 
simulations are compared to the 1% AEP design event as the base case. Table 14-1 outlines the 
parameters and resultant values assessed in the sensitivity analysis.   

 

Table 14-1 Sensitivity Analysis Parameters 

Parameter Scenario Alteration Potential Impact 

Rainfall intensity (includes 
climate change)  

1A +10% 
Increased discharge and flood 
levels 

1B +30% 

Rainfall losses  

2A -50% IL and CL  
Increased discharge and flood 
levels 

2B 0mm IL   

 Storage/lag hydrology 

3A 
-1.5m from FSL (full supply 
level) in reservoir (approx. 
long term median)  

Decreased discharge and flood 
levels 

3B 
-30% to hydrology modelling 
lag parameter 

Increased velocities and 
discharge 

Imperviousness ratio 

4A 
+20% (where currently no 
pervious increase current level 
to 10%) Increased  runoff volume and 

discharge  
4B 

+50% (where currently no 
pervious increase current level 
to 10%) 

Surface roughness (hydrology)  

5A +50% 
Reduced discharge and flood 
levels 

5B -50% 
Increase discharge and flood 
levels 

Blockage at bridges / culverts 

6A 50% (total blockage)   
Local reductions is discharge, 
increased flood levels 

6B 
0%, i.e. no blockage to check 
the sensitivity in downstream 
reaches           

Increased discharges and 
velocities 

Downstream tailwater 
conditions 

7A +1m  

Increased flood levels 

7B +2m 
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Table 14-2 outlines the relative difference in peak flows at the two weirs and the resultant change 
to peak flood level between Berrima and Bong Bong Weirs. 

 

Table 14-2 Sensitivity Analysis Peak Discharge 

AEP (%) 
Change in Peak Discharge (%) Max. Change in 

Flood Height (m) 
Berrima Bong Bong 

1A +9.7% +9.3% 0.35 

1B +28.8% +26.7% 1.01 

2A +6.6% +6.5% 0.24 

2B +6.7% +5.5% 0.24 

3A -16.5% -18.8% -0.60 

3B +9.4% +5.6% 0.30 

4A -0.6% -4.1% - 

4B -12.4% -11.2% - 

5A -13.7%  -5.3% 0.16 

5B +16.3% +7.8% -0.14 

6A -2.1% -0.6% - 

6B +0.8% +0.2% 0.02 

7A 0 0 0* 

7B 0 0 0* 

* no effect on flooding with modelling area- impact limited to downstream boundary only due to steep gradient of flow 
through Wallaby Rocks  

14.1 Climate Change 

Climate change could potentially impact a flood by sea level rise or by increased rainfall intensities. 
Due to the high elevation of the project area, sea level rise would not have any impact on flood 
results. Changes in rainfall intensities are less certain than sea level rise, though evidence so far 
suggests that there could be an increase in rainfall intensity due to the impacts of climate change. 
The NSW Office of Environment and Heritage have issued a Floodplain Risk Management 
Guideline, Practical Consideration of Climate Change (DECC, 2007) . Apart from an upper range 
sea level rise of 0.91m, this Guideline suggests sensitivity testing to a range of 10-30% increases 
in rainfall intensities.   

The effects of increased rainfall intensities have been simulated as part of the sensitivity analysis 
by increasing the rainfall intensities in models by 10% and 30%, and assessing the impact to flows 
and  water levels. These two scenarios (Sensitivity Runs 1A and 1B) had a significant impact on 
potential flows and flood levels. Water levels increased by up to 0.35m and 1.01m in the case of 
10% and 30% increase in rainfall intensities respectively. At the same site, flows increased by up to 
9.7% and 28.8%  respectively. For climate change conditions where rainfall intensities potentially 
increase by 20% results may be directly interpolated from the 10% and 30% sensitivity runs. 
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14.2 Sensitivity Analysis Summary 

 

An increase in rainfall intensity results in a proportional increase in peak runoff, with significant 
increase to flood levels of up to 1.0m, as discussed in Section 14.1 Climate Change.    

Reducing rainfall loss rates, which may occur due to wet antecedent conditions, increase flow 
slightly with peak flood leaves increasing by 0.24m. 

The availability of flood storage within the Wingecarribee Dam has a significant impact on flooding 
along the river. The modelled sensitivity scenario 3A with 1.5m of flood storage provided within the 
dam (i.e. with the starting water level 1.5m below the FSL), reduces peak flows within the river by 
16 to 18%. This results in a considerable flood level reduction of approximately 0.60m. 

Generally, an increase in imperviousness would increase peak discharges. Due to the low loss 
rates adopted in this study, increase in runoff volume is minimal. The decrease in peak flows 
demonstrated here results from due changes to hydrograph timing within the catchment.  

An increase of the catchment roughness slows the stormwater runoff resulting in lower peak 
discharges. Although the peaks are lower, due to the increased local roughness in the flood plain 
and river channel, peak flood levels are increased by up to 0.16m, indicating that local catchment 
roughness has much more significant impact on flood levels than reduced flows arising from an 
increase in overall catchment roughness. Similarly, reducing the catchment roughness speeds up 
the stormwater runoff resulting in increased peak flows in the lower catchment by up to 16%. 
Although there is an increase in flows in this scenario, the effect of reducing the local roughness in 
the flood plain and river is much more significant causing up to a 0.14m decrease in levels. In both 
cases, the sensitivity of the model is relatively low when compared to the modelled change of 
roughness. 

The model is not sensitive to structure blockages with minimal flood level increases observed 
locally in the vicinity of the structure. Additionally, the adopted tailwater condition does not impact 
on the water surface within the majority of the model as the downstream reach has a steep 
hydraulic gradient and the impact is not carried upstream of Wallaby Rocks area. 

 

14.3 Model Uncertainty 

The sensitivity analysis demonstrates relatively low uncertainty of the flood model and the adopted 
modelling parameters. This uncertainty gives guidance on freeboard to be applied to flood planning 
levels adopted from the model.  

Excluding the 30% increase in rainfall as a result of climate change (most conservative scenario), 
which is independent of the catchment parameterisation, the uncertainty of the flood model and 
adopted modelling parameters is the order of 0.3m. This level of uncertainty can be fully absorbed 
by a common 0.5m freeboard used in forming the Flood Planning Levels.     
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15 MAPPING 

 

15.1 Mapping of Modelling Results 

 

The MapInfo GIS system was used as the platform for map production. A digital surface was 
created for each model parameter to present the model results. 

The results have been mapped under the following categories and area included in Appendix D:  

 Flood Depth and Levels – Figures D1A to D1G 

 Provisional Hydraulic Hazard – Figures D2A to D2G 

 Hydraulic Categories – Figures D3A to D3G 

 Flood Levels Long Section - Figure D4 

 Close-up maps at Berrima and Burradoo (1% AEP Flood Depth) - Figures D5A and D5B 

 

15.1.1 Flow Hazard  

The provisional hydraulic hazard ratings have been mapped using velocity depth criteria outlined 
Figure L2 of the NSW Floodplain Development Manual. Figure 15-1 reproduces the adopted 
criteria. 

 

Figure 15-1 Provisional Hydraulic Categories 
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15.1.2 Hydraulic Categories 

The NSW Floodplain Development Manual defines hydraulic categories for further definition of 
flooding. Generally three categories should be delineated: 

 

 floodway 

 flood storage 

 flood fringe. 

 

Floodway areas are 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. 

Flood storage areas are 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.  

Flood fringe areas are the remaining area of flood prone land after floodway and flood storage 
areas have been defined. 

However, the Floodplain Development Manual does not provide specific criteria for defining 
hydraulic categories, as the significance of such categories is site specific.  

The issue has been tested by overlying series of maps with affected areas, including flood extents 
for various design events, water depths, velocities and the velocity/depth product (VxD).  

The final hydraulic category delineation, following these generalised guidelines and with best 
results achieved, adopted as floodways the areas that were within: 

 

 the VxD => 0.6m
2
/s and velocity => 1m/s threshold with local adjustments to provide for 

continuation of floodway. 

 

The hydraulic category delineation adopted as flood storage: 

 

 the VxD => 0.6m
2
/s and velocity < 1m/s AEP threshold.  

 

The hydraulic category delineation adopted as flood fringe: 

 the VxD < 0.6m
2
/s or any other area within the design flood extent not previously defined as 

either floodway or flood storage.  
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16 CONCLUSION AND RECOMMENDATIONS 

 

This flood study involved an assessment of the rainfall runoff processes using a hydrologic model 
to compute flows and a hydraulic model to compute flood characteristics such as flood levels and 
extents, flow distributions, and flood hazards.  

The models were calibrated to historical flood events using gauged rainfall and stream flow data, 
and survey of flood levels provided through the community consultation process. Generally, a very 
good calibration was achieved in both hydrological and hydraulic models used in this study. A good 
match to the gauged hydrographs was obtained from the calibration of hydrological model and a 
good level of calibration was obtained against the surveyed flood marks.   

Design flood events were run for the full range of different sized floods, as per the project 
requirements. The design flood events were used to develop flood depth maps (including water 
levels), provisional hazard categories and hydraulic categorisation maps. 

The results indicate that the floodplain is in its upper reaches up to 1km wide with low hydraulic 
gradient, while the downstream section to the east of the junction with Stony Creek is significantly 
narrower being confined to the valley between the hills surrounding Berrima. Flooding affects a 
number of nearby townships in particular in less frequent flood events. 

The major transport routes comprising Moss Vale Road, the Railway Crossing and the Old Hume 
Highway are not inundated and remain open in floods greater than a 1 % AEP flood event. Smaller 
local roads are cut off more frequently with Railway Parade susceptible to minor flood events. 

A sensitivity analysis of the model was undertaken to determine the uncertainty of the flood model 
and the adopted modelling parameters.  The parameters assessed included blockage at hydraulic 
structures, roughness coefficients, climate change scenarios affecting rainfall intensity, and the loss 
model used by the hydrologic model.  As a result of the sensitivity analysis, the estimated 
modelling uncertainty is in order of 0.3m therefore a freeboard of 0.5m (minimum) should be 
adopted when utilising the outputs of this study in future flood planning. 

The results of the study satisfy the objectives of the project, providing a solid basis for preparation 
of the Floodplain Risk Management Study, which is the next stage in the flood management 
process.  

Based on the assessment of the quality of data available for calibration and verification for this 
project, the following is recommended to enable future comprehensive data collection and 
monitoring of flood behaviour within the catchment: 

 Further collection of flood affectation information and regular update of the database with 
similar layout as in the flood questionnaire, including date of event for mainstream flooding 
with recorded depths and locations of floodmarks;. 

 Further validation of the model, if appropriate flood event data becomes available, in 
particular in case of rare events;. 

 Survey of floodmarks after major events and logging the surveyed levels into the Council’s 
database; and  

 Installation of additional pluviographs within the catchment boundaries to form an accurate 
rainfall database representative of the catchment.  
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17 GLOSSARY  

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. For example, if a peak flood discharge of 500 

m3/s has an AEP of 5%, it means that there is a 5% chance (that is 1-in-20 chance) of a peak flood 

discharge of 500 m3/s or larger occurring in any one year (see average recurrence interval). 

Australian Height Datum (AHD) - a common national surface level datum approximately 
corresponding to mean sea level. 

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. 

Development - is defined in clause 4 of the Environmental Planning and Assessment Act (EP&A 
Act). 

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). 

Extreme event - an extreme flood is one which has a very low probability of occurrence and can 
be used to consider flood damages and emergency management within a floodplain. 

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 
before entering a watercourse, and/or coastal inundation resulting from super-elevated sea levels 
and/or waves overtopping coastline defences excluding tsunami. 

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 i.e. land susceptible to flooding by the 
Probable Maximum Flood (PMF) event. The term flood liable land now covers the whole of the 
floodplain, not just that part below the flood planning level, as indicated in the 1986 Floodplain 
Development Manual. 

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. 
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Floodplain Risk Management Plan - a management plan developed in accordance with the 
principles and guidelines in the Floodplain Management 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 
State Emergency Service. 

Flood planning area - the area of land below the flood planning level and thus subject to flood 
related development controls. The concept of flood planning area generally supersedes the “flood 
liable land” concept in the 1986 Floodplain Development Manual. 

Flood planning levels (FPL) - are the combinations of flood levels and freeboards selected for 
planning purposes, as determined in floodplain risk management studies and incorporated in 
floodplain risk management plans. The concept of flood planning levels supersedes the “standard 
flood event” of the first edition of the Floodplain Development Manual. 

Flood prone land - is land susceptible to flooding by the Probable Maximum Flood (PMF) event. 
Flood prone land is synonymous with flood liable land. 

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 
the Floodplain Management Manual is divided into 3 types, existing, future and continuing risks; 
these 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 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 - a factor of safety typically used in relation to the setting of floor levels, levee crest 
levels, etc. It is usually expressed as the difference in height between the adopted flood planning 
level and the flood used to determine the flood planning level. Freeboard provides a factor of safety 
to compensate for uncertainties in the estimation of flood levels across the floodplain, such as 
wave action, localised hydraulic behaviour and impacts that are specific event related, such as 
levee and embankment settlement, and other effects such as “greenhouse” and climate change. 
Freeboard is included in the flood planning level. 

Hazard - a source of potential harm or a situation with a potential to cause loss. In relation to this 
report the hazard is flooding which has the potential to cause damage to the community.  
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Local overland flooding - inundation by local runoff rather than overbank discharge from a 
stream, river, estuary, lake or dam. 

Local drainage - are smaller scale problems in urban areas. They are outside the definition of 
major drainage in this glossary. 

Mainstream flooding - inundation of normally dry land occurring when water overflows the natural 
or artificial banks of a stream, river, estuary, lake or dam. 

Minor, moderate and major flooding - both the State Emergency Service and the Bureau of 
Meteorology 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. 

 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 of the flood, the property or the response to 
flooding.  

Peak discharge - the maximum discharge occurring during a flood event. 

Pluviograph - a self-registering rain gauge typically measuring and recording hourly rainfall depths  

Probable Maximum Flood (PMF) - the largest flood that could conceivably occur at a particular 
location, usually estimated from Probable Maximum Precipitation. 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 the PMF event should be addressed in a floodplain risk management 
study. 

Probable Maximum Precipitation (PMP) - the theoretical 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 the estimation of the Probable 
Maximum Flood. 

Probability - a statistical measure of the expected chance of flooding (see Annual Exceedance 
Probability). 

Risk - chance of something happening that will have an impact. It is measured in terms of 
consequences and likelihood. In the context of this report it is the likelihood of consequences 
arising from the interaction of floods, communities and the environment. The risk of such an event 
occurring over a longer period is much higher. 

Risk management - the systematic application of management policies, procedures and practices 
to the tasks of identifying, analysing, assessing, treating and monitoring flood risk. Flood risk 
management is undertaken as part of a Floodplain Risk Management Study. The Floodplain Risk 
Management Plan reflects the adopted means of managing flood risk. 

Runoff - the amount of rainfall that actually ends up as streamflow, also known as rainfall excess. 

Stage - equivalent to “water level”. Both are measured with reference to a specified datum. 
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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. 

Temporal pattern – refers to the overall pattern of the rainfall event over time and is specific to 
spatial location and storm duration. 
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APPENDIX A – GENERAL CATCHMENT INFORMATION  

Figure A1 - Study Area 
Figure A2 - Sub-catchment Layout 
 





Wingecarribee Shire Council

Wingecarribee River Flood Study

DISCLAIMER

The accuracy of flood extents and hydraulic parameters shown on this map is limited

to the level of accuracy of the survey data and modelling software available

for flood modelling. Despite the effort to provide a high resolution survey of the

floodplain and 2D hydraulic modelling, the flood extents and hydraulic parameters on the

map are only indications of potential flooding conditions throughout the

catchment for modelled design storm events and may vary from real flooding

conditions.
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Waterway

Figure A2

Sub-catchment Layout
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APPENDIX B – SURVEY INFORMATION    

Figure B1 - Surveyed Structure Locations 
Table B1 - Surveyed Hydraulics Structures 
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Table B1 - Surveyed Structure Locations 

Photograph of Structure Structure ID 

 

Structure  No 1  Berrima  Weir 

 

Structure  no 2  Berrima road – 
near “blue circle” 

 

Structure No 3  Railway Bridge 
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Structure  No 4  Collins Road 
Culvert 

 

Structure  No 5   Railway Culvert 
Collins Road 

 

Structure  No 6  Lackey Road 
Culvert 
 
From Upstream 



 

 

 

 

     Wingecarribee River Flood Study | 30011267 | Final Report| January 2014   

  

 

Structure No 7  Railway Bridge  
Main Southern Railway Line 
 
From Downstream 

 

Structure No 8  Railway Culvert  
Main Southern Railway Line 
 
From Downstream 

 

Structure No 9  Railway Bridge  
Main Southern Railway Line 
 
From Upstream 
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Structure No 10  Timber Bridge 
 
From Downstream 

 

Structure  No 11    Concrete 
Causeway Crossing 
 
From Downstream 

 

Structure No 12   Berrima Road 
Culvert 
 
From Downstream 
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Structure  No 13 
Timber Bridge   ‘Manduramah 
Farm” Driveway 
From  Upstream 

 

Structure  No 14  Douglas Road 
Culvert 
 
From  Upstream 

 

Structure  No 15  Beaconsfield 
Road Culvert 
 
From Downstream 
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Structure  No 16   Railway Line  
Moss Vale – Unanderra 
 
From  Downstream 

 

Structure  No 17   Railway Culvert 
Moss Vale - Unanderra Line 
From  Upstream 

 

Structure  No 18  Headlam Road 
Culvert 
 
From  Upstream 
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Structure  No 19   Headlam Road 
Weir 

 

 

 

 

 

Structure  No 21   Road Bridge 
And Culverts 
Wingecarribee River  
From   Upstream 

 

 

 

 

 

 

Structure  No 22   Driveway 
Culverts 
 
From   Downstream 
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Structure  No 23  Causeway 
Culverts 
Wingecarribee  River 
From  Downstream 

 

Structure  No 24  Driveway 
Culverts 
Wingecarribee River 
 
From  Upstream 

 

Structure   No 25   Footbridge  
East Bowral 
 
From  Upstream 
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Structure  No 26    Concrete 
Culverts  Off Railway Parade 
Burradoo 
Mittagong Rivulet 
From  Downstream 

 

Structure  No 27  Road Culvert 
Railway Parade  -  Wingecarribee 
River 
From   Downstream   

 

Structure  No 28  Railway Bridge  
Burradoo 
Main Southern Railway – 
Wingecarribee River 
From  Downstream 
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Structure No 29  Bridge -- 
Mittagong Rivulet 
Burradoo Sewage Works 
From   Upstream 

 

Structure  30  Culverts 
 
From  Upstream 

 

Structure  No 32  Kangaloon Road 
 
From Upstream 
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Structure  No 33   Bridge   
Sproules Road 
Wingecarribee River   
From  Downstream 

 

Structure  No 34  Kangaloon Road  
Culvert Opposite Tourist Road 
 
From Downstream 

 

Structure  No 35  Sheepwash 
Road Culvert 
 
From Downstream 
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Structure   No 36   Kangaloon 
Road Culvert 
 
From Upstream 

 

Structure  No 37    Bridge     
Sheepwash Road 
Wingecarribee River 
From    Downstream 
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APPENDIX C – CALIBRATION AND VALIDATION    

Figure C1 - Surveyed Flood Mark Locations 
Figure C2A – August 1990 Flood Depths and Levels 
Figure C2B – August 1998 Flood Depths and Levels 
Figure C2C – March 2012 Flood Depths and Levels 
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APPENDIX D – DESIGN FLOOD MAPPING   

Figure D1A - 20% AEP Flood Depths and Levels 
Figure D1B - 10 % AEP Flood Depths and Levels 
Figure D1C - 5% AEP Flood Depths and Levels 
Figure D1D - 2% AEP Flood Depths and Levels 
Figure D1E - 1% AEP Flood Depths and Levels 
Figure D1F - 0.5% AEP Flood Depths and Levels 
Figure D1G - PMF Flood Depths and Levels 
 
Figure D2A - 20% AEP Provisional Hydraulic Hazard 
Figure D2B - 10 % AEP Provisional Hydraulic Hazard 
Figure D2C - 5% AEP Provisional Hydraulic Hazard 
Figure D2D - 2% AEP Provisional Hydraulic Hazard 
Figure D2E - 1% AEP Provisional Hydraulic Hazard 
Figure D2F - 0.5% AEP Provisional Hydraulic Hazard 
Figure D2G - PMF Provisional Hydraulic Hazard 
 
Figure D3A - 20% AEP Hydraulic Categories 
Figure D3B - 10 % AEP Hydraulic Categories 
Figure D3C - 5% AEP Hydraulic Categories 
Figure D3D - 2% AEP Hydraulic Categories 
Figure D3E - 1% AEP Hydraulic Categories 
Figure D3F - 0.5% AEP Hydraulic Categories 
Figure D3G - PMF Hydraulic Categories 
 
Figure D4 - Water Surface Level Long Section 

 

Figure D5A - 1% AEP Flood Depths - Berrima 
Figure D5B - 1% AEP Flood Depths - Burradoo 
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APPENDIX E – PUBLIC EXHIBITION COMMENTS AND 
RESPONSES 
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Public Exhibition Submissions and Responses 
ID Submission Comment Co sulta t’s Respo se to the Co e ts 

1 

Section 6.3, p.16 – Rainfall Gauging Stations: 

  

There is no reference to SCA Rainfall Station 568113 at 

Wingecarribee Dam (2005 – 2013) 

The additional SCA pluviograph station (Station 568113) was not identified 

in the original consultation with SCA as it was decided to model the portion 

of the catchment upstream of Wingecarribee Dam as a recorded inflow 

hydrograph, due to complexities associated with reproducing and modelling 

the operation for the dam spillway gates in the historic calibration events. 

 

It is acknowledged that the additional gauge would also provide information 

on the rainfall patterns immediately outside the Wingecarribee Dam 

catchment on a portion of the catchment downstream of the dam that was 

modelled from input rainfall data.  Therefore the gauge data was obtained 

from SCA and the effect of incorporating this data into the calibration was 

assessed by including this data in the WBNM model.  The gauge data was 

available from 1992 to date, enabling modelling of two of the three 

calibration events.  The calibration results were found to be insensitive to 

inclusion of this data due to the dominance of the directly input dam 

outflow hydrograph at this location and the long distance to the 

downstream calibration gauges. The WBNM calibration parameters 

presented in the draft report therefore remain unchanged. 

 

2 

· SCA DRS (manual) daily rainfall data for Wingecarribee Dam (1978 – 

2013) could also be useful to the consultant (SMEC) for calibrating 

their modelling. 

 

Data from a number of daily rainfall sites operated by the BOM was utilised 

in the modelling. While an additional site would have provided useful 

information, it is not proposed to incorporate additional data into the 

modelling at this stage and it is expected that the use of an additional site 

would not alter the modelling, based on the findings in relation to the SCA 

pluviometer discussed above. 

  

3 
Section 14.2, p.64 – Sensitivity Analysis: 

  
The level of approximately 1.0-2.0m below the FSL has been recorded in 

recent years following an interim period of lowered upper storage limit to 
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· Refere e to Wi ge arri ee Da ’s sig ifi a t i pa t o  
flooding along the river and potential reduction in downstream 

flood levels of approximately 0.6m if 1.5m flood storage is 

provided within the dam (ie FSL – 1.5m). 

 

·  I u dersta d that SCA’s draft proto ol for the Wi ge arri ee 
Reservoir operating level following the recent completion of 

dam safety upgrade works; is under review by WSC (refer recent 

SCA/ WSC Interface Meetings – Alan Butler/ Stace Lewer).  WSC 

may wish to provide further comments on the proposed 

operating protocol for Wingecarribee reservoir with respect to 

potential implications for attenuation of downstream flooding ? 

·   

between 1.3 and 2.0 m below FSL, imposed for safety reasons after the 

collapse of the peat swamp in the flood of 1998. It is understood that the 

upper storage limit will now be raised to 0.3m below FSL following the 

recent completion of dam safety improvements to mitigate the risk of peat 

swamp collapse and therefore reservoir water levels will no longer be 

deliberately drawn down to the lower levels observed after 1998.  This 

would reduce the amount of flood storage normally available in the dam 

compared to the period 1998 to 2013. 

4 

Section 16, p.67 – Conclusion and Recommendations: 

  The conclusions and recommendations appear reasonable. 

· SCA data on the attenuation of inflows to Wingecarribee Dam 

during the recent June 2013 flood event could be useful for 

further validation of the model by SMEC. 

 

No additional calibration event modelling is proposed as part of this current 

study, however the June 2013 event may be considered in the any future 

model refinements. 

5 

In relation to the flooding that occurs in Kirkham and Mount Roads 

Bowral adjoining the OLSH site I consider that this localized flooding 

could be eliminated by a new channel within the OLSH property which 

was wider and deeper than currently exists and designed to contain 

flood water in a major event within the channel. 

Flood management measures will be considered in the next phase of the 

study, the Floodplain Risk Management Study, which will examine measures 

to reduce the impacts of flooding. 

6 
The date of the aerial imagery does not match the date of the 

calibration floods 

The aerial imagery was obtained in 2009. This has been presented as 

background on the calibration events and is not intended to show ground 

features as they existed at the time of the events. A note to this effect has 

been added to the flood maps 

 


