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Foreword

The State Government's Flood Policy is directed at providing solutions to existing flooding
problems in developed areas and to ensuring that 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 State Government subsidises flood mitigation works to alleviate existing
problems and provides specialist technical advice to assist councils in the discharge of their
floodplain management responsibilities.

The Policy provides for technical and financial support by the Government through the following
four sequential stages:

1. Flood Study

- determine the nature and extent of the flood problem.

A

. Floodplain Management Study

evaluates management options for the floodplain in respect of both existing and proposed
development.

w

. Floodplain Management Plan

involves formal adoption by Council of a plan of management for the floodplain.

e

. Implementation of the Plan

construction of flood mitigation works to protect existing development.
use of Local Environmental Plans to ensure new development is compatible with the flood
hazard.

The Woronora River Flood Study constitutes the first stage of the management process for the
areas adjacent to the lower reaches of the river from the Needles to the Georges River
confluence.
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Glossary

Annual Exceedance Probability (AEP)

Australian Height Datum (AHD)

Catchment

Designated Flood
Development

Discharge

Extreme Flood Event

Flood

Flood Hazard

Flood Liable Land

refers to the probability or risk of a
flood of a given size occurring or
being exceeded in any given year. A
90% AEP flood has a high probability
of occurring or being exceeded; it
would occur quite often and would be
relatively small. A 1% AEP flood has
a low probability of occurrence of
being exceeded; it would be fairly
rare but it would be relatively large.

a common national surface of level
corresponding approximately to mean
sea level.

the area draining to a site. It always
relates to a particular location and
may include the catchments of
tributary streams as well as the main
stream.

(see flood standard)

the erection of a building or the
carrying out of work; or the use of
land or of a building or work; or the
subdivision of land.

the rate of flow of water measured in
terms of volume over time. it is to be
distinguished from the speed or
velocity of flow which is a measure of
how fast the water is moving rather
than how much is moving.

an approximation of the flood
calculated to be the maximum which
is likely to occur.

relatively high stream flow which
overtops the natural or artificial banks
in any part of a stream or river.

potential for damage to property or
persons due to flooding.

land which would be inundated as a
result of the standard flood.



Floodplain

Floodpiain Management Measures

Floodplain Management Options

Flood Standard (or designated fiood)

Flood Storages

Floodways

High Hazard

Hydrograph

Hydraulics

the portion of a river valley, adjacent
to the river channel, which is covered
with water when the river overflows
during floods.

the full range of techniques available
to floodplain managers.

the measures which might be feasible
for the management of a particular
area.

the flood selected for planning
purposes. The selection should be
based on an understanding of flood
behaviour and the associated flood
risk. It should also take into account
social, economic and ecological
considerations.

those parts of the floodplain that are

important for the temporary storage of

;:oodwater during the passage of a
o0od.

those areas where a significant
volume of water flows during floods.
They are often aligned with obvious
naturally defined channels.
Floodways are areas which, even if
only partially blocked, would cause a
significant redistribution of flood flow,
which may in turn adversely affect
other areas. They are often but not
necessarily, the areas of deeper flow
or the areas where high velocities
oceur,

possible danger to life and limb
evacuation by trucks difficult;
potential for structural damage; social
disruption and financial losses could
be high.

a graph which shows how the
discharge changes with time at any
particular location.

the term given to the study of water
flow in a river, in particular the
evaluation of flow parameters such as
stage and velocity.



Management Plan

Mathematical/Computer Models

Peak Discharge

Probability

Runoff

Stage

Stage Hydrograph

il

adocument including, as appropriate,
both written and diagrammatic
information describing how a
particular area of land is to be used
and managed to achieve defined
objectives. It may aliso include
description and discussion of various
issues, problems, special features
and values of the area, the specific
management measures which are to
apply and means and timing by
which the plan will be implemented.

the mathematical representation of
the physical processes involved in
runoff and streamflow. These models
are often run on computer due to the
complexity of the mathematical
relationships. In this report, the
models referred to are mainly
involved with rainfall, runoff and
stream flow.

the maximum discharge occurring
during a flood event.

a statistical measure of the expected
frequency or occurrence of flooding.
for a fuller explanation see Annual
Exceedance Probability.

the amount of rainfall which actually
ends up as streamflow, also known as
rainfall excess.

equivalent to "water level’. Both are
measured with reference to a
specified datum.

a graph which shows how the water
leve! changes with time. It must be
referenced to a particular location
and datum.



1. Summary

A flood study of the Woronora River was undertaken to determine the design fiood levels for the
1%, 2% and 5% AEP events, as well as the levels for an extreme flood event. The defined study
area extends from the Needles to the Georges River confluence, and involves a river length of
approximately 10.8 km.

The Woronora River has a catchment area of about 174 sg km to the Georges River. Woronora
Dam controls runoff from an area of 78.2 sq km within the catchment. The effect of the dam on
flood flows into the study area was considered as part of the study.

The first phase of the study involved an extensive compilation of relevant data which have been
presented separately in a Compendium of Data. The historical information inciuded recorded
flood levels from events between 1933 and 1988 (plus a single level for the highest known flood
in 1898), rainfall records for these events, streamflow records on the Woronora River from 1924
to the present, tidal measurements in the river in 1985/86 and tidal records at Fort Denison, and
topographic data, particularly from a detailed hydrographic survey of the river in 1984/85.

The flood study was carried out using a mathematical modelling approach. A hydrologic model
was used to convert rainfall to runoff and a one-dimensional unsteady flow hydraulic model was
used to convert runoff to flood levels. The models were calibrated and verified against
information from historical floods.

Nine historical rainfall-runoff events between 1933 and 1988 were simulated using the hydrologic
model. The results indicated that the model was generally able to achieve good agreement with
recorded streamflow hydrographs.

Six historical flood events were simulated using the hydraulic model. The model was calibrated
to the April 1888 event which is the largest flood since dredging of the Woronora River was
carried out in the 1968 to 1976 period. The other events occurred before or during the dredging
period and there is some uncertainty regarding the river channel topography at the time of those
events. The results using adjusted cross-section data for these events provided general
confirmation of the capability of the hydraulic model to reproduce observed flood behaviour in
the river.

Design rainfall intensities and temporal patterns for the 1%, 2% and 5% AEP events were taken
from the 1987 version of Australian Rainfall and Runoff. The rainfall for the extreme event was
estimated from the Bureau of Meteorology's Bulletin 51. These rainfalls were input to the
hydrologic model and the generated flows were then run through the hydraulic model. The
Georges River flood levels adopted as the downstream boundary conditions for these events
were defined by the PWD.

The 1%, 2% and 5% design flood leve!ls at each modelled cross-section along the river are given
in Figure 9 and Table 9. The flow distributions between the left overbank, main channel and
right overbank and the average velocities in each segment are given in Tables 11 to 13. Flood
contours for the 1%, 2% and 5% events, together with velocities at representative locations, are
presented in Figures 11 to 13.

Flood levels were aiso determined for an extreme rainfall event over the catchment. The
modelled levels for this event, as given in Table 14, are from 2.0 to 3.3 m higher than the flood
levels for the 1% AEP event.



Woronora Dam was most commonly full (over 90% fult in 18 of the last 20 floods) at the start of
historical flood events. Modelling of the 1% AEP event with different starting storage levels
indicated that there would be negligible reduction in peak stream flows into the study area for
initial storage depletion up to 10 per cent of capacity. Hence the 1% design flood levels are not
sensitive to the variations in storage conditions commonly experienced in Woronora Dam.

Sensitivity runs were also carried out to determine the effect of changes in various parameters
on the 1% AEP flood levels, namely: increased river channel roughness, higher Georges River
flood levels and higher Woronora River bed levels. The results of these runs, as presented in
Figure 10, indicate that flood levels could vary by as much as 0.3 to 0.5 m above adopted levels
as a result of parameter variation.



2. Introduction

The Woronora River is a tributary of the Georges River, joining that river some 10 kilometres
upstream of its entrance to Botany Bay. The caichment area of the Woronora River at its
confluence with the Georges River is about 174 square kilometres. The catchment falls within
the area administered by Sutherland Shire Council, Campbellitown City Council and Wollongong
City Council. The study area falls within the Sutherland Shire Council area.

Woronora Dam, operated by the Sydney Water Board for water supply, is a major feature of the
catchment. The catchment area at the dam is 78.2 square kilometres.

The location of the Woronora River catchment is shown in Figure 1. The area of interest for this
study is the lower reach of the river from the Needles to the Georges River confluence. The
study reach has a length of about 10.8 kilometres (measured from the Como Railway Bridge
which is located just downstream of the confluence). The study area is shown in Figure 2.
The Woronora River flood study has three main phases as follows:

Collection and review of all available data

Development of computer models to predict the river's flood behaviour

Determination of design flood levels along the river for the 1%, 2% and 5% Annual
Exceedance Probability (AEP) flood events, as well as for an extreme flood event.

The results of the first phase are presented in a separate Compendium of Data (Ref.1). This
report presents the findings of the second and third phases of the study.



3. Available Data

A comprehensive survey of available data is given in the Compendium of Data prepared as part
of this study {Ref.1). This section summarises the available data, with emphasis on the data
utilised directly in the study.

3.1 RAINFALL DATA
The sources of rainfall data for the study were:

The records from an extensive network of daily rainfall stations in the vicinity of the
study catchment, operated by the Bureau of Meteorclogy; and

The records from eight pluviometer stations, including one pluviometer operated by
the Bureau and seven pluviometers operated by the Sydney Water Board

The daily rainfall records were analysed in order to identify significant historical rainfall events.
The records were also used to construct isohyetal diagrams for the major events. The
pr:uviometer records were used to define the temporal patterns of rainfall over the catchment for
these events.

The rainfall gauge and pluviometer records for the events which were subject to hydrologic
modelling are presented in Appendix A.

3.2 STREAMFLOW DATA
The sources of streamflow data for the Woronora River were:
The records for Woronora Dam, from 1937 to the present; and

The records from a stream gauging station on the Woronora River at Engadine
(downstream of the dam), from 1924 to 1951.

The streamflow records provided a good indication of the relative severity of historical flood
events in the study area. The twenty highest outflows from Woronora Dam and the ten highest
flows at Engadine are listed in Tables 1 and 2 respectively. As discussed in the Compendium
of Data, there is considerable concern about the reliability of the "recorded® discharge of 601
m®/s at Engadine in 1943. This peak flow record may be in error and should be treated with
caution.

The recorded streamflow hydrographs represent important data for calibration of a hydrologic
model of the Woronora River catchment.

3.3 TIDAL DATA

Tide levels were measured by the Public Works Department at three locations along the
Woronora River from October 1985 to January 1986. In addition, tidal flows were measured at
the Woronora road bridge on 14th November 1985. The information from these measurements
is useful for calibration of a hydraulic model for tidal conditions; in particular, determination of
in-bank roughness values.



TABLE 1 - RANKING OF RECORDED FLOODS, WORONORA DAM

Rank Date Peak Water Peak Surcharge Peak Approx
Level over Weir Discharge Depletion*
(m AHD} (m) (m%/s) (%)
1 18/11/1961 169.67 0.79 501 4.3
2 10/2/1956 169.62 0.74 454 33.0
3 18/6/1949 169.54 0.66 381 0
4 30/4/1988 169.52 0.64 361 0
5 4/31977 169.51 0.63 354 16
6 19/2/1956 169.50 0.62 345 0
7 15/6/1952 169.50 0.62 345 7.8
8 26/7/1952 169.49 0.61 336 14
9 23/7/1950 169.46 0.58 308 0
10 12/3/1974 169.46 0.58 308 14
11 16/6/1950 169.45 0.57 300 0
12 1/5/1955 169.44 0.56 291 1.6
13 14/11/1969 160.43 0.55 283 0
14 13/5/1962 169.43 0.55 283 2.1
15 11/6/1964 169.41 0.53 266 3.1
16 23/3/1963 169.38 0.50 242 0
17 18/5/1963 169.38 0.50 242 0
18 30/8/1963 169.38 0.50 242 40
19 19/1/1951 169.37 0.49 234 3.1
20 6/8/1986 169.36 0.48 230 16.0

Note: * refers to depletion of storage prior to flood as percentage of storage capacity.

TABLE 2- RANKING OF RECORDED FLOODS, WORONORA RIVER AT ENGADINE
(1924 TO 1951)

Rank Year Peak Flow at Peak Flow at
Engadine Woronora Dam
(mfs) (mds)
1 1933 682 ND
2 1943 601 Doubtful reading
3 1949 374 381
4 1850 285 308
5 1927 272 ND
6 1945 267 243
7 1932 194 ND
8 1930 193 ND
9 1938 192 NDR
10 1937 163 NDR
Note: ND - Woronora Dam not completed
NDR - Records available are given as a gauge height, which has an unknown
datum and cannot be cross-referenced to the current spiliway
configuration.



Tide level data are also available from the recorder maintained at Fort Denison by the Maritime
Services Board (MSB). This information was considered in conjunction with the flood
characteristics of the Georges River to define the hydraulic conditions at the confluence of the
Woronora River and the Georges River.

The high tide levels at Fort Denison during likely flood events in the Woronora River were
extracted from MSB tide records for the dates of these events. The high tide levels are
summarised in Appendix A.
3.4 FLOOD LEVEL DATA
Historical flood level data for the study area were obtained primarily from:

flood mark surveys and other flood level records held by Sutherland Shire Council

flood levels obtained from interviews with local residents in 1985 and 1990

levels estimated from photographs taken during floods

levels taken from a 1967 report by Professor Munro

levels at the Woronora Bridge from RTA records.
The flood level data were plotted on profiles of the river and are presented in Appendix A. The
levels showed considerable scatter, due largely to the length of time between the occurrence
of the flood events and the collection of levei data.
The most reliable data were collected for events in 1933, 1956, 1961, 1969, 1974, 1984 and
1988. Review of the rainfall and streamflow records indicated that these events were included
in the major historical rainfall-runoff events in the catchment, except for the 1984 event.

The flood level data are the most important information for calibration and verification of a
hydraulic model of the Woronora River.

3.5 TOPOGRAPHIC DATA

The topographic data included information from a survey of the Woronora River by the Public
Works Department in 1984/85. Cross-sections of the river channel and overbank areas were
surveyed at 48 locations between the Georges River and the Needles. The cross-section
information is appropriate for use in a hydraulic model of the river.

The location and detalils of surveyed cross-sections are shown on Public Works Department’s
Plan Room Cat Nos 7304, 7305, 7399, 7400 and 7401,

Sutherland Shire Council re-surveyed 5 cross-sections of the river in August 1990. The results
of this survey indicated that there had been little change in the river channel at these locations
since the 1984/85 survey. Reference Council Plan No 12323.

The river bed profile determined from the 1984/85 survey is presented in Appendix A, together
with the 1990 survey bed levels.

The study reach of the Woronora River has been extensively dredged, with most of the dredging
reported to have occurred in the 1968/69 to 1876 period.



3.6 SUMMARY OF AVAILABLE DATA

The availabiiity of flood level, rainfall and streamfiow data for various historical flood events is
summarised in Table 3.

TABLE 3 - SUMMARY OF AVAILABLE DATA

FLOOD DATE

1933 1946 1940 1956 1961 1969 1974 1975 1977 1984 1986 1988

1. Flood lavels from
Resident Interviews 7 - 3 5 2 9 - 2 1 15 2 7

2. Fiood levels from
Council Survey 3 4 - 11 14 - 8 - - - - .

3. Flood levels from
resident's photographs

[}

L]

L}

L]

1
b
—h

1

1

’

L]

]

4. Flood levels from
previous studies 3 - - 2 2 1 - - - - . -

5. Flood levels from
newspaper research

]

[}

1

]

L]
—

1

1

L]

[

(]

L

TOTAL FLOOD LEVELS 13 4 3 18 18 12 9 2 1 15 2 7

No. of pluviometer

records available - - 2 1 1 3 4 4 3 4 6 6
Flow estimates available

at Woronora Dam No No Yes Yes Yes Yes Yeos Yes Yes Yes Yes Yes
Flow estimates available

at DWR gauging

station, Engadine Yes Yes Yes No No No No No No No No No

Note: 1961 flood levels include six levels identified as 1967 in Council survey.

Examination of this data and other available information indicates that the ranking of the major
floods on the Woronora River in this century is as follows:

1. January 1933
2. February 1956
3. June 1949

4. November 1861
5. November 1969

Sufficient flood levels were obtained for these events, except the 1949 event, to enable their use
in calibration and verification of a hydraulic model of the river. More recent events with a
reasonable amount of flood level data occurred in March 1974 and April 1988.

The flood level recorded on the old Menai Bridge plans indicate that the 1898 flood would have
exceeded all the major floods of this century. There is no other flood level information available
for this event.



4. Study Approach

4.1 GENERAL

The available information, as presented in the Compendium of Data (Ref.1) and summarised in
Section 3, is clearly inadequate to define accurately the 1%, 2%, and 5% probability design
flood levels using only the historical records.

The appropriate alternative approach is to estimate the design flood levels using computer-
based mathematical modelling techniques. The mathematical modelling involves two main
components:

A hydrologic model to estimate runoff hydrographs resuiting from rainfall over the
Woronora River catchment, and including the effect of Woronora Dam.

A hydraulic model to determine the relationship between streamflows from the
catchment and flood levels in the study area, taking into account also the Georges
River as a downstream boundary condition.

The models are calibrated to the catchment and study area using the historical data. Calibration
involves determination of the appropriate values of the model parameters to give good
agreement between the model results and recorded data for selected historical events.

The models are then verified by simulation of independent historical events without changing the
model parameter values. If satisfactory agreement is achieved between modelled and recorded
behaviour, the models can be accepted as reliable and can be used with confidence for design
events.

42 HYDROLOGIC MODEL
The hydrologic modet is required to estimate streamflow hydrographs in the Woronora River at
the upstream limit of the study area, ie. The Needles. The modei is also required to estimate the
runoff hydrographs from the local catchments draining to the river between The Needles and the
Georges River confluence. ‘
The runoff-routing model RORB, developed by Laurenson and Mein (Ref.2), is suited to the
requirements of the study and was adopted. The model can simulate the major hydrologic
features of the Woronora River catchment, including:

Runoff-routing from rainfall

The river reaches drowned by Woronora Dam

The flood routing effect of the dam, including the storage and spillway characteristics

The channel routing effects in the river between the dam and The Needles.
In the RORB model, the catchment is divided into sub-areas and the stream channel system is
represented by a network of conceptual storages similar to the actual network. The RORB model
has several important advantages over the alternative unit hydrograph procedure, including:

The model can accommodate variations in rainfall temporal patterns across the
catchment.



The model reproduces the non-linear rainfall-runoff response observed in many
gauged catchments.

The RORB model has received widespread acceptance in Australia, and substantial research
has led to a satisfactory database for estimation of model parameters for ungauged catchments.

43 HYDRAULIC MODEL

The hydraulic model is required to represent the flood behaviour of the study reach of the
Woronora River; in particular, to provide information on flood levels, discharges and velocities.

The hydraulic model representation includes:

the inflow hydrographs from the upstream Woronora River catchment and the local
sub-cia;tchments as upstream boundary conditions {as determined by the hydrologic
mode

the Georges River stage hydrograph at the Georges River - Woronora River
confluence as a downstream boundary condition

unsteady flow effects in the study reach of the Woronora River.

The MIKE-11 model developed by the Danish Hydraulics Institute (DHI) was adopted as the
hydraulic model for the study. MIKE-11 is a one-dimensionai unsteady flow modelling package,
capable of modelling unsteady flows in open channel systems through a numerical solution of
the one-dimensional St Venant Equations (Ref.3). The model is capable of representing the
important hydraulic phenomena in the study reach, as outlined above.



5. Hydrologic Modelling

5.1 RORB MODEL STRUCTURE

The runoff-routing modei of the Woronora River catchment of about 174 sq km was assembled
according to the procedures recommended in the RORB Users Manual (Ref.2). The layout of the
RORB model developed for the catchment is shown in Figure 3.

The catchment area to The Needles is about 142 sq km and contains 19 sub-areas (A to S). The
remaining seven sub-areas (T to Z) take account of local catchment runoff between The Needles
and the Georges River confluence.

The river reaches in Woronora Reservoir are modelled as drowned channels. The mode!
incorporates the stage-storage relationship for the reservoir and the stage-discharge relationship
for the dam spiliway.

52 MODELLING OF HISTORICAL EVENTS
5.2.1 General

Modelling of historical events was undertaken for the purposes of calibration and verification of
the RORB model; in particular, determination of the values of the parameters m and k. in the
storage-discharge relations in RORB (Ref.2 ).

The value of the exponent m is normally set to 0.8, and this value was adopted for the Woronora
River catchment. The calibration phase is therefore largely concerned with determination of the
value of k., which is an empirical coefficient applicable to the catchment.

The calibration and verification process also involves determination of catchment losses, which
are subtracted from the total rainfall to give the rainfall excess (runoff producing rainfall).

The streamflow information available for most of the historical events are the recorded
hydrographs at Woronora Dam and the streamflow record at the DWR gauging station at
Engadine.

The selection of events for calibration and verification was as follows:

In the early stages of the study, the 1963, 1974 and 1977 events were the only events
with good pluviometer records for definition of temporal patterns of rainfall. These
events were adopted for model calibration.

The 1933, 1949, 1956 and 1961 events were adopted for model verification. There
were some limitations in the available pluviometer data for these events, particularly
in the catchment upstream of Woronora Dam. Hence generation of synthetic temporal
patterns was required.

Information from recent events in 1986 and 1988 was available to provide testing of
the parameter values obtained in the early stages of the study.
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The set of parameter values and catchment losses derived from the modelling of the historical
events is as follows:

Model parameters m =08,k =145

Catchment losses Initial loss = 0 mm
Continuing loss = 1.2 mm/hr

The above k, value compares reasonably well with the value derived from the recommended
regional relationship for ungauged catchments, as given in Australian Rainfall & Runoff, 1987
(Ref.4). The relationship for eastern New South Wales, with m = 0.8, is:

1.22 A™®
catchment area in sq km

ke
Where A
This relation would give k, = 13.1 for the Woronora River catchment.

The comparison of recorded and modelled peak discharges using the adopted model parameter
and loss values for these events is presented in Table 4.

TABLE4- COMPARISON OF RECORDED AND MODELLED PEAK DISCHARGES FOR
HISTORICAL EVENTS - WORONORA DAM

Event Date of Peak Discharge Time of Peak
Type Peak Recorded Modelled Error Recorded Modelled
(m¥s) (mPfs) (%) (hrs) (hrs)
Calib- 14/11/69 283 287 1 0800 0800
ration 12/3/74 308 333 8 0100 0320
4/3f77 354 356 1 1200 0900
Verifi- 23/1/33 - (682) - (6885) - N - -
cation 18/6/49 3s1 (374) 378 (347) -1 (-9) 1300 1230
10/2/56 454 454 0 1100 1100
18/11/61 501 473 6 1700 1700
Testing 6/8/86 230 171 -26 1600 1600
30/4/88 361 357 1 0700 Q700
Notes: Peak timing data were not available for the 1933 event.

The 1986 event was modelled with initial loss = 144 rmm and continuing loss = 0.
Figures shown ( ) are for Engadine gauging station.

The modelled events are discussed briefly in the following Sections.

5.2.2 Calibration Events

The general procedure for the calibration of RORB to the recorded flows was as follows:
The total rainfall for each event was derived from the daily rainfall records (0900 hrs
to 0900 hrs) which spanned the period of the event, as indicated by the pluviometer
data. The total rainfall was distributed spatially according to the variation in daily
rainfalls across the catchment.

The temporal pattern of rainfall across the catchment was taken from the available
pluviometer records.

The water level in Woronora Dam at the beginning of simulation of each event was
established from the dam level records, which are taken at 0800 hours every day.
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Initial catchment losses were assumed to be zero because most of the modelled
events occurred in generally wet periods and minor rainfall occurred prior to the main
rainfall events. Continuing loss rates were then determined from recorded data as part
of the calibration process.

The calibration events are described briefly as follows:
1969 Event

Total rainfalis for this event varied from 180 mm in the northern part of the catchment to 300 mm
in the south. Temporal patterns of rainfall were recorded by pluviometers at Penshurst Tanks,
Woronora Dam and Reverces. Analysis of the records indicated that the temporal pattern from
the Woronora Dam pluviometer was more likely to produce the recorded peak flow timing than
was the Reverces pluviometer. Hence the Woronora Dam temporal pattern was applied across
the catchment. This led to good results with regard to peak flow magnitude and timing, as
indicated in Table 4.

1974 Event

The 1974 event was one of the most well-defined events in terms of available data. The total
rainfall varied from 150 mm in the north of the catchment to 290 mm in the south. Pluviometer
records were available for Reverces, Woronora Dam, Cronulla and Mortdale. Thus, the temporal
pattern of rainfall was reasonably defined across the catchment. The model calibration indicated
good agreement with the recorded peak flow at Woronora Dam (Table 4).

1977 Event

The total rainfall for the 1977 event varied from 120 mm to 250 mm. Pluviometer records were
available for Reverces, Woronora Dam and Cronulla. Good agreement was achieved between
the modelled and recorded peak flows, but the timing of the peak appeared to be in error by
three hours. Analysis of the data indicated a possible discrepancy in the recorded time of peak,
and the likely timing error resulting from the modelling is 45 minutes. This error was considered
to be acceptable.

5.2.3 Verification Events

The modelling procedure for the verification events was generally similar to the procedure for
calibration. However, synthesis of temporal patterns was required because of the lack of
pluviometer data for these events.

1933 Event

The 1933 event was recorded only by daily rainfall stations, so there was no information on the
temporal pattern. The temporal pattern used for the 1956 event was adopted for the 1933 event,
because both events were of similar magnitude and occurred in late summer. The stream
gauging station at Engadine was the only source of peak flow data. The modelled peak flow at
Engadine was in good agreement with the recorded peak flow. The available data did not permit
timing of the modelled peak to be checked.

1949 Event

Total rainfalis for this event varied from 70 mm in the north to 160 mm in the south. There were
no pluviometer records available in the catchment for this event. The pluviometer records for
Penshurst Tanks and Cronulla, which are located near the northern part of the catchment, were
used to define temporal patterns in the catchment. The modelled peak flow is in good
agreement with the recorded peak flow.
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1956 Event

Total rainfalls for this event varied from 210 mm in the north of the catchment to 330 mm in the
south. A temporal pattern was available from the pluviometer record at Penshurst Tanks, while
a temporal pattern was synthesised for the sub-areas above Woronora Dam. The agreement
achieved with peak timing is quite good considering the poor temporal data. 1t is possible that
the storm was of relatively even distribution across the catchment. This hypothesis is supported
by the reasonably constant total rainfall volumes from north to south.

1961 Event

Total rainfalls for this event varied from 120 mm in the north t0 415 mm in the south. The
pluviometer records at Penshurst Tanks provided information on the temporal pattern. This
information was augmented by synthesising a temporal pattern above Woronora Dam. The
pluviometer records at Woronora Dam and Reverces for the 1969 event, with some modification,
were used for this purpose. The 1961 storm was of similar magnitude and duration as the 1969
storm, and both events occurred in November.

524 Additional Events for Testing

The most recent large rainfall events which occurred in August 1986 and April 1988 were
simulated using the RORB model as a further test of the model parameters adopted from the
calibration (m = 0.8, k, = 14.5).

1986 Event

The rainfall for this event occurred over about a three day period from the 4th to 6th August
1986. The total rainfall over the Woronora River catchment varied from about 360 mm in the north
to 420 mm in the south.

The storage in Woronora Dam at the start of the event was 60 400 ML, ie. the reservoir was
depleted by about 16% below capacity. The maximum spillway discharge for this event was 230
m®s, occurring at 1600 hrs on 6th August 1986. This discharge is ranked 20th in the list of
highest recorded flows since 1937.

The isohyetal diagram for this event was constructed using total rainfall records from all available
rainfall stations within and adjacent to the catchment. The total rainfall inputs to each sub-area
of the RORB model were derived from the isohyetal diagram.

The records from six pluviometer stations were available to define the temporal pattern of rainfall
over the catchment. The stations at Reverces, Woronora Dam and Yarrawarrah are within the
catchment and were adopted for use in the RORB model.

The model was run first with an initial loss of zero and continuing loss of 1.2 mm/hr, as for the
previously modelled events. The model results for this case indicated a peak outfiow from
Woronora Dam of 287 m¥s at 0600 hrs on 6th August 1986. This result compares poorly with
the magnitude and timing of the recorded peak outflow.

Review of the Woronora Dam records indicated that there was negligible water level rise for
ﬁbout 18 hours after the start of rainfall and that spillway discharge commenced after about 48
ours.

The initial loss value in the RORB model was increased to provide better agreement with the

observed rise in water level. The maximum possible initial loss to give agreement between
recorded and modelled hydrograph volumes is 144 mm; in this case, the continuing loss is zero.
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The mode! run with an initial loss of 144 mm and continuing loss of zero gave an improved fit
to the rise of the recorded outflow hydrograph. The modelled peak discharge was 171 m?s at
1600 hours on 6th August. The timing of the peak was in good agreement with the timing of the
recorded peak, but there was a substantial error in magnitude.

The results indicated that the model did not perform well for the August 1986 event, largely
because of the difficulty in representing the catchment response for high initial loss conditions.
The catchment conditions were assessed by reviewing the rainfall records for Darkes Forest
{Station No. 068024) in the upper catchment. The rainfalls in the months preceding the August
1986 event are compared with the long-term mean rainfalls as follows:

Rainfall (mm)
1986 Mean
(1894-1989)
July 21 103
June & July 45 247

This comparison indicates that a condition of extreme catchment dryness existed at the time of
the August 1986 event. This condition did not exist for the other modelled events, and is not an
appropriate condition for the design events.

Hence the relatively poor performance of the RORB model for the August 1986 event is not
considered to be a major concern with regard to its applicability to estimation of design flood
hydrographs.

1988 Event

The rainfall for this event occurred over about a three day period from the 28th to 30th April
1988, The total rainfall over the Woronora River catchment varied from about 260 mm in the north
to 430 mm in the south. The records from the pluviometers at Reverces, Woronora Dam and
Yarrawarrah were used to define the temporal pattern of rainfall over the catchment.

Woronora Dam was full at the start of the event. The maximum spillway discharge for this event
was 361 md/s, occurring at 0700 hrs on 30th April 1988. This discharge is ranked 4th in the list
of highest recorded flows since 1937.

The RORB model was run for this event with model parameter values of m=0.8 and k.=14.5, zero
initial loss and a continuing loss rate of 1.2 mm/hour. The model results indicated a good fit to
the recorded peak discharge, in both timing and magnitude. The overall hydrograph shape was
also reproduced waell.

The isohyetal diagram for the April 1988 event and the recorded and modelled outflow
hydrographs from Woronora Dam are presented in Appendix B.

The 1988 event is a higher magnitude flood than the 1986 event and is more representative of
design conditions. The good results achieved for the 1988 event were considered to provide a
satisfactory test of the RORB model for the Woronora River catchment.

52.5 Application of Model Resulls

The results summarised in Table 4 indicate that the RORB model achieved good performance
for a range of historical events (except the 1986 event), with a single set of model parameter
values. The model was therefore adopted as the best technique for estimation of catchment
runoff hydrographs to be input to the hydraulic model of the study reach of the Woronora River.

The most important inflow to the study area is from the Woronora River at Needles. The RORB
model hydrographs at this location for selected historical events are presented in Appendix B.

14



5.3 DESIGN EVENTS
53.1 General

The RORB model was applied to estimate runoff hydrographs for design events with Annual
Exceedance Probabilities {(AEPS) of 1%, 2% and 5% respectively.

The adopted model parameter values were m = 0.8 and k. = 14.5. The adopted catchment
losses were initial loss = 0 and continuing loss = 1.2 mm/hour. These loss values are consistent
with a high runoff condition for the catchment, as occurred in most of the historical events.

As a sensitivity analysis, the 1% design event was also run with the design loss rates given in
Australian Rainfall & Runoff, 1987 (Ref.4), namely:

Initial loss 10 to 35 mm
Continuing loss 2.5 mm/hour

The results of these model runs indicated that the design discharges would not be significantly
affected by the catchment loss rates. For example, use of the AR&R loss rates would reduce
the 1% AEP peak discharge at the Needies by about 4 percent.

The storage conditions in Woronora Dam prior to historical flood events were assessed to
provide a basis for adoption of dam conditions for the design events. The degree of storage
depletion for the 20 largest floods events was as follows:

TABLE 5 - WORONORA DAM DEPLETION FOR HISTORICAL FLOOD EVENTS

Storage Depletion No. of

(% of Capacity) Events Dates of Events

0 8 Jun 1948, Jun 1950, Jul 1950, Feb 1956, Mar 1963,
May 1963, Nov 1969, Apr 1988

011020 4 Jul 1952, May 1955, Mar 1974, Mar 1977

201t05.0 5 Jan 1951, Nov 1961, May 1962, Aug 1963, Jun 1964

>56.0 3 Jun 1952, Feb 1956, Aug 1986

The dam was most commonly full at the start of historical flood events. Hence a dam-full
condition was adopted for the design events. The effect of dam depletion on design flood levels
was also tested, as a sensitivity analysis (see Section 5.3.4).

5.3.2 Design Rainfalls
Rainfall intensity-frequency-duration curves were derived for various points within and adjacent

to the study catchment. The points corresponded to the locations of rainfall stations as indicated
in Table 6.
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TABLE 6 - STATIONS AT WHICH DESIGN RAINFALLS DERIVED

Station Station Name

Number

66040 Miranda Bowling Club
66049 Penshurst

66060 Sutherland

66090 Engadine

68024 Darkes Forest

68028 Helensburgh Post Office
68070 Woronora Dam

68159 Wedderburn (Booalbyn)
68160 Campbelltown (Kentlyn)
68177 Maddens Plains Golf Links
568069 Reverces

The rainfall curves were derived by the procedures outlined in Australian Rainfall & Runoff, 1987
(Ref.4),

Isohyeta! diagrams were prepared for the design events using the point rainfall data. The
diagrams were prepared for storm durations of 12, 18, 24, 36 and 48 hours for the 1%, 2% and
5% AEP events. The isohyetal diagram for the 1% AEP, 36 hour duration event is shown in
Figure 4.

The total rainfalls in each sub-area of the RORB model for the design events were estimated

from the isohyetal diagrams. The temporal patterns of rainfall were adopted according to the
recommendations of Australian Rainfall & Runoff, 1987 (Ref.4).

5.3.3 Design Hydrographs
The RORB model was run for the range of storm durations, and the peak discharges at The

Needles were compared in order to identify the critical duration. The modelled peak discharges
at the Needles for the 1% AEP event are:

Storm duration (hrs) 12 18 24 36 48

Peak discharge (m%s) 1228 1160 1173 1282 1234

From these results, the 36 hour duration was adopted as the critical storm duration for the study
reach of the Woronora River. The modelled hydrographs at the Needles for the 1%, 2% and 5%
AEP events for this duration are shown in Figure 5.

The hydrographs at the Needles, together with the runoff hydrographs from the local catchments

between the Needles and the Georges Rivers confluence, were adopted as the design
streamflow inputs to the hydraulic model of the Woronora River (see Section 6.4).
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5.3.4 Effect of Woronora Dam Depletion

The RORB mode! was also run for a dam depletion of 10% {of storage capacity) at the start of
the design events. The peak discharges at the Needles for the 1% and 5% AEP events with a
36 hour storm duration are summarised as follows:

Dam 1% AEP Peak Discharge 5% AEP Peak Discharge
Deplstion (m¥s) (m%s)

(%)

0 1282 985

10 1267 891

The volume corresponding to 10% depletion of Woronora Dam is 7.2 million m®, whereas the
total volumes of the design flood hydrographs at the Needles are:

1% AEP event 54.7 million m®
5% AEP event 39.1 million m®

The available volume due to depletion of Woronora Dam is small compared to the volumes of
the design flood hydrographs, particularly for the 1% AEP event. Hence the 1% peak flows into
the study area, and the 1% flood levels, will not be affected significantly by the initial storage
conditions in Woronora Dam.

54 EXTREME EVENT

An extreme event was also modelled using RORB. For the purposes of this study, the rainfall
for the extreme event was estimated as the maximum rainfall over the catchment in a 6 hour
period, as derived from the Bureau of Meteorology Bulletin 51 (Ref 5).

The estimated maximum 6 hour rainfall over the catchment is 447 mm. The temporal pattern for
this event was also taken from Bulletin 51. The exireme event was modelled with the same
catchment losses and RORB parameter values as the desig;n events. The modelled peak
discharge in the Woronora River at the Needles was 2 720 m/s.

This peak discharge is approximately 2.1 times the peak discharge at the Needles for the 1%

AEP event. Hence this extreme event was considered appropriate for assessing river flooding
for conditions much more severe than the 1% AEP event.
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6. Hydraulic Modelling

6.1 MIKE-11 MODEL STRUCTURE
6.1.1 General

The MIKE-11 model layout adopted for the study area is shown in Figure 6. The model
incorporates 46 cross-sections along the Woronora River between the Needles and the Georges
River and a cross-section of Forbes Creek upstream of the Woronora River confluence. The
cross-sections, as shown by location and number in Figure 8, correspond to the river cross-
sections surveyed in 1984/85.

The mode! also incorporates eight streamflow inputs which correspond to the runoff hydrographs
derived by the RORB runoff-routing model. The primary input is the hydrograph in the Woronora
River at the Needles, designated Qs in Figure 6. This hydrograph represents the runoff from
sub-areas A to S in the RORB model. The remaining inputs represent the runoff from each of
sub-areas T to Z.

The effect of Georges River flows is represented as a downstream boundary in the form of a
stage hydrograph.

6.1.2 Woronora Bridge

The design plans of the Woronora Bridge crossing of the river at Menai Road were reviewed to
determine the appropriate representation of the bridge in the model. The plans of the previous
bridge which was in use until 1981 indicate that the soffit level of that bridge was above the
highest known flood level, as recorded in 1898. The plans indicate a bridge soffit level of about
RL 3.3 m AHD, compared with a 1898 flood level of RL 3.04 m AHD. Hence this bridge would
have caused negligible afflux in the historical flood events.

The plans of the existing bridge, opened in 1981, indicate that this structure consists of five
spans, with a total bridge length of 98.9 m. The soffit level ranges from RL 2.3 m AHD at the
west abutment to RL 2.8 m AHD at the east (Sutherland) abutment. The bridge can be
considered as a "perched" structure because overland flow around the west abutment will occur
before the bridge waterway area is fully utilised. This overland flow is estimated to commence
when water levels upstream of the bridge reach about RL 2.0 m AHD.

The existing bridge will cause a very small afflux in minor flood events in which the water level
does not reach the bridge soffit level;, eg the 1988 fiood. This afflux is due to the small
encroachment of the abutments into the river channel and the effect of the bridge piers. The
encroachment is represented in model cross-section no. 15 and the effect of the bridge piers
will not be significant.

For major events where the water level may reach the bridge soffit, the afflux will increase.
Because of the major overland flow path, the overall flow conditions wili be governed by friction
effects, as well as by pressure flow through the bridge opening. Hence it was concluded that
the effect of the bridge could be reasonably represented by adjustment of the resistance
parameter (Manning n value) at cross-section no. 15.

To determine the appropriate Manning n value for design flood events, the HEC-2 program
developed by the US Army Corps of Engineers was used for detailed bridge afflux computations
(Ref. 8). A HEC-2 model was set up to represent the Woronora River in the vicinity of the bridge.
The modei was used to estimate the effect of the bridge corresponding to the peak water level -
discharge conditions determined from initial MIKE-11 model runs. The MIKE-11 model was then
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re-run with the Manning n value at cross-section no. 15 increased so as to reproduce the
calculated afflux. The afflux estimates were also checked using the procedure outlined in the
NAASRA Technical Report "Bridge Waterways - Hydrology and Design“(Ref.7).

6.2 TIDAL CALIBRATION

The MIKE-11 model of the Woronora River was first calibrated for tidal conditions using records
obtained on 14th November 1985. Tide recorders were installed at three locations along the
river and tide levels were measured from 0800 hours to 1800 hours. In addition, water leveis and
velocities at the upstream side of the Woronora Bridge were measured over this period. The
locations of the recorders are indicated in Appendix C. The results of the measurements are
presented in a report by the Public Works Department (Ref.8).

The upstream boundary conditions for the 14th November 1985 event were modelled as zero
discharge; there was negligible flow over the Woronora Dam spillway and no precipitation
occurred in the catchment on that day or the previous day.

The downstream boundary condition, which is the Georges River stage hydrograph at the
Woronora River mouth, was estimated from the Fort Denison tide records on that day. The
Maritime Services Board indicated that tide levels in Botany Bay are similar to the levels in Fort
Denison. A relationship between levels in Botany Bay and levels at the Woronora River mouth
was developed using information from various reports (Refs.9,10 and 11) and involved
amplification of Botany Bay levels by 4.7 percent, with a lag of 30 minutes.

With this relationship, the downstream boundary condition was determined by applying an
amplification factor of 4.7 percent and a lag of 30 minutes to the Fort Denison tide levels on 14th
November 1985.

The tidal modelling involved adjustment of Manning n values to achieve good agreement with
recorded levels at the locations of the three recorders along the Woronora River (corresponding
to mode! cross-section nos. 23, 17 and 7) and at the Woronora Bridge (cross-section no. 15).

A Manning n value of 0.035 gave good agreement with recorded levels, at the three tide
recorder locations, as well as good agreement with the recorded levels and discharges at
Woronora Bridge. The comparison between modelled and recorded behaviour for the tidal event
is presented in Appendix C.

Manning n values of 0.025 and 0.05 were also tested, but the agreement with recorded data was
less satisfactory. Hence n = 0.035 was adopted as a good estimate of in-bank roughness for
the Woronora River.

6.3 FLOOD CALIBRATION AND VERIFICATION

The procedure for calibration and verification of the MIKE-11 model for flood behaviour involves
two main steps:

adjustment of Manning n values to achieve good agreement between modelled and
recorded water levels for significant historical flood events (calibration)

modelling of other flood events without changing the model representation or
parameter values (verification)

As discussed in Section 3.6 ,the historical events considered to be of value for modelling, based
on the flood magnitude and the quantity and quality of available data, are the 1933, 1956, 1961,
1969, 1974 and 1988 events.

The upstream boundary conditions for these events -ie. the catchment runoff hydrographs - were
derived from hydrologic modelling, as described in Section 5. The peak discharges from each
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sub-area for the events are given in Table 7. The major inflow to the study area is from the
Woronora River at the Needles. The modelled hydrographs at this location are presented in

Appendix B.
TABLE 7 - PEAK INFLOWS TO HYDRAULIC MODEL FOR HISTORICAL FLOOD EVENTS

Model Peak Discharge (m%/s) for Event in Year

inflow 1933 1956 1961 1969 1974 1988
U/S 835 576 549 360 448 539
T 24 21 12 38 26 28
U 16 14 8 24 17 18
v 81 73 37 134 67 90
w 18 16 8 32 14 19
X 35 28 14 50 32 34
Y 38 30 17 52 38 39
Z 23 17 9 31 23 21
Note: Model inflow corresponds to sub-area in RORB model.

U/S inflow at the Needles is from sub-areas A {0 S.

With regard to the downstream boundary conditions, there were no recorded flood level data at
the Woronora River - Georges River confluence for these events. The adopted downstream
levels were based on the Fort Denison tidal records (taken as indicative of Botany Bay levels),
with addition of from 0.2 m to 0.4 m to account for possible coincident floods in the Georges
River. This addition was based on advice provided by the PWD regarding design floods in the
Georges River.

The MIKE-11 model representation is based on cross-sections surveyed in 1984/85 and following
the extensive river dredging which is reported to have occurred in the 1968 to 1976 period (Ref.
12). The 1988 event is the only significant historical flood which occurred under river conditions
similar to those represented in the model. The earlier events occurred before or during the stated
dredging period, and there is some uncertainty regarding the actual river conditions for these
events.

Hence the 1988 event was identified as the only reliable event for model calibration. The earlier
floods were treated as verification events for which it was necessary to modify the cross-section
topography to represent pre-existing conditions.

6.3.1 Calibration Event

The 1988 event was modelled with the RORB hydrographs as streamflow inputs. There were no
water level records at the Woronora River -Georges River confluence to define the downstream
boundary condition for the model. The stage hydrograph at this location was estimated by
adding 0.2 m to the Fort Denison tidal records to allow for a flood rise in the Georges River.

The preliminary Manning n values for the model were n = 0.035 for the river channel, determined
from the in-bank tidal calibration, and n = 0.05 to 0.08 for overbank areas. The higher value was
used in overbank areas where there is urban development.

The effect of different roughness values was also tested by running the model with:

lower n values (channel n = 0.030)
higher n values (channel n = 0.040)

The modelled flood profiles for the three cases are shown in Figure 7. The flood profile for n =
0.035 provides good overall agreement with recorded flood levels. The modelled levels are
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within 0.2 m of recorded level at all locations. The flood profile for n = 0.030 is below all
recorded levels, and the profile for n = 0.040 is significantly higher than the recorded levels,
except at one location.

6.3.2 Vaerification Events

The 1933, 1956, 1961, 1969 and 1974 events were also modelled using MIKE-11. The
downstream boundary condition was derived by adding 0.4 m to the Fort Denison tidal records.
Sensitivity testing indicated that the modet results at the locations with flood level records were
not greatly affected by the downstream boundary condition. For example, a water level change
of 100 mm at the downstream boundary resulted in a level change of about 30 mm at a distance
five kilometres upstream.

The cross-section topography was modified for these events which occurred before or during
the dredging period. The river bed profile as surveyed in 1984/85 provides a general indication
of the extent of dredging (see Figure A.3). An estimate of the changes in bed level due to
dredging was obtained from a previous report which assessed channel changes in the Woronora
River (Ref.12). An indicative estimate of RL -3 m AHD for the pre-dredged bed level was derived
from this report. The model was modified to incorporate this level as the minimum bed level
between cross-section nos. 7 and 28.

The events were modelled initially with n = 0,035 for the river channel and n = 0.05 to 0.08 for
overbank areas. There is considerable scatter in the recorded flood levels for most events, but
the results indicated that the modelied flood levels are generally low relative to recorded levels.
The events were modelied with higher n values, namely n = 0.040 for the river channel, and
similar proportional increases for overbank areas. The resulting flood profiles indicated an
improved fit, for all events.

The modelled fiood profiles for the 1933, 1956, 1961, 1969 and 1974 events are presented in

C. The results provide a general confirmation of the capability of the MIKE-11 model
to simulate observed ficod behaviour. There are some uncertainties associated with these
events, particularly with regard to river topography and the reliability of the flood level records.
Hence these events should have less weighting than the 1988 event for selection of Manning
n values for existing conditions.

The results for the 1988 event were given primary weight in adoption of n values for the
calibrated model. This event has the best definition of catchment rainfall and therefore the most
reliable estimates of catchment runoff. The model representation of river topography is also most
reliable for this event and the recorded flood levels are reasonably consistent.

Hence n values of 0.035 for the river channel and 0.05 to 0.08 for overbank areas were adopted

as the calibration values for the MIKE-11 model. The effect of higher n values on design flood

levels was considered as part of sensitivity analyses.

6.4 DESIGN EVENTS

6.4.1 Base Case

The 1%, 2% and 5% AEP events were modelled in MIKE-11 for design conditions as follows:
inflow hydrographs as derived from the RORB model for the critical storm duration of

36 hours, with Woronora Dam full at the start of the events. The peak discharges at
each model inflow are listed in Table 8.

Downstream boundary condition based on a 36 hour design storm occurring over the
entire Georges River catchment, including the Woronora catchment, discharging into
a mean high water spring level in Botany Bay. The Georges River stage hydrographs
at the Woronora River mouth were derived by the PWD and are shown in Figure 8.
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River channel topography as determined from the 1984/85 survey. The 1890 check
survey by Sutherland Shire Council indicated that there have not been significant
changes in the river in the last 5 years.

Manning n values of 0.035 for the river channel and 0.05 to 0.08 for overbank areas,
as determined from the model calibration.

TABLE 8 - PEAK INFLOWS TO HYDRAULIC MODEL FOR DESIGN FLOOD EVENTS

Model Peak Discharge (m®/s)
Inflow for Event with AEP:

1% 2% 5%
u/s 1282 1124 985
T 40 34 31
U 25 22 20
A 129 115 104
W 28 24 22
X 51 46 41
Y 58 50 44
V4 32 29 25

Note: Model inflow corresponds to sub-area in RORB model.
U/S inflow at the Needles is from sub-areas A to S.

The computed flood levels at each cross-section are given in Table 9, and the results are
presented as design flood profiles in Figure 9.

In the lower reaches of the Woronora River, the flood levels resulting from a design storm tide
event in Botany Bay will be higher than the levels resulting from a design rainfall-runoff event in
both the Woronora and Georges River catchments. No detailed investigations on storm tide
conditions in Botany Bay are available. In the absence of such investigations, the PWD provided
the following preliminary estimates.

1% AEP event 1.7 m AHD
2% AEP event 1.6 m AHD
5% AEP event 1.5 m AHD

These levels are the appropriate design flood levels for cross-section nos. 1, 1A and 2 in the
Woronora River.
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TABLE 9 - DESIGN FLOOD LEVELS - WORONORA RIVER

Cross- River MIKE-11 Peak Flood Level (m AHD}
Section Chainage Chainage for Event with AEP:
No. (k) (km) 1% 2% 5%
1 0.33 10.31 1.7 1.6 1.5
1A 0.65 9.98 1.7 1.6* 1.5*
2 0.97 9.67 1.7" 1.6° 1.5*
3 1.37 9.27 19 1.7 1.5
3A 1.65 8.09 2.1 1.9 1.7
5 1.97 8.67 23 2.0 1.8
6 2.43 8.21 26 23 2.1
7 2.M 7.93 2.6 2.4 21
8 2.99 7.85 28 26 2.3
9 3.19 7.45 2.8 2.6 23
10 3.39 7.25 29 2.6 2.4
11 3.62 7.02 3.0 2.7 24
12 3.85 6.79 3.0 2.8 2.5
13 4.03 6.61 3.1 2.8 25
14 4.24 6.40 3.1 28 2.6
15D/S 4.45 6.19 3.2 29 2.6
u/s 4.47 6.17 3.4 3.1 2.8
16 4.64 6.00 3.5 3.2 29
17 4.85 579 3.6 3.3 3.0
18 5.07 5.57 3.6 33 3.0
19 531 533 3.6 3.3 3.0
20 5.49 5.15 3.7 3.4 31
21 5.69 495 3.8 3.5 3.2
22 5.90 4.74 3.9 3.6 3.3
23 6.10 454 4.0 3.7 3.4
24 6.30 434 41 3.7 3.4
25 6.52 412 4.2 38 3.6
25A 6.65 3.89 4.3 4.0 3.6
27 6.94 3.70 4.4 4.1 3.7
28 7.14 3.50 4.6 4.3 3.9
29 7.38 3.26 4.6 4.3 3.9
30 7.60 3.04 4.7 4.4 4.0
3 7.80 2.84 4.8 4.5 4.1
32 8.00 2.64 5.0 4.7 43
33 8.18 2.48 5.1 4.7 4.4
34 8.38 2.26 5.1 4.7 4.4
35 8.62 2.02 55 5.1 4.7
36 8.80 1.84 5.5 5.1 4.8
37 9.01 1.63 5.7 5.3 4.9
38 9.20 1.44 5.7 53 4.9
Kl 9.42 1.22 5.8 54 5.0
40 9.61 1.03 59 55 5.1
41 9.79 0.85 6.0 56 5.2
42 9.90 0.65 6.1 5.7 53
43 10.20 0.44 6.1 5.7 53
44 10.42 0.22 6.5 6.1 5.6
45 10.64 0.00 6.7 6.3 5.8
Notes: Biver chainage is measured upstream from Comeo Railway Bridge.

MIKE-11 model chainage is measured downstream from cross-section No 45.
Woronora Bridge is at river chainage 4.46 km.

Forbes Creek confluence is at river chainage 5.80 km.

* Food levels due to storm tide conditions in Botany Bay.
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6.4.2 Sensitivity Analyses

Sensitivity analyses were carried out to determine the effect on the 1% AEP flood levels of
various changes, including:

Increased Roughness
The Manning n values were increased to 0.04 for the river channel and 0.06 to 0.09 for overbank
areas.

Higher Georges River Flood Levels

The downstream boundary condition was modified to represent an elevated tailwater, comprising
the 1% peak discharge in the Woronora River coincident with the peak of a 1% storm tide event
in Botany Bay. A preliminary estimate of the downstream stage hydrograph for this case was
supplied by the PWD and has a maximum water level of 1.7 m AHD. Although the inclusion of
the 1% Georges River flood would elevate the tailwater by a further 0.3 m, the joint probability
of all three occurrences would be significantly less than 1%.

Higher Woronora River Bed Leveis

The minimum bed level between cross-section nos. 7 and 28 was raised to RL -3 m AHD, similar
to the levels used in modelling of the 1933 to 1974 flood events (Section 6.3.2). This case
represents an approximation to the pre-dredged conditions of the Woronora River.

The modelled flood levels for these cases are given in Table 10. The modelled flood profiles are
compared with the profile for the base case in Figure 10. The flood level increases, compared
to the base case for the 1% AEP event, would be up to:

0.56 m for increased roughness, with the greatest increase in the upper reaches

0.35 m for higher Georges River flood levels, with the greatest increase in the lower
reaches

0.34 m for higher Woronora River bed levels, with the greatest increase in the middle
reaches.

With the base case results shown in Table 9, the 1% AEP flood level at Woronora Bridge is 0.37
m higher than the 1898 recorded flood level at this location. Also the 5% AEP flood profile
corresponds approximately to the 1933 recorded flood levels. Therefore the flood levels derived
for the statistical design events are reasonably consistent with the historical flood levels.

The flood levels given in Table 9 are considered to be the best estimates of design flood levels
for the study area. The higher flood levels resulting from the sensitivity analyses, as given in
Table 10, provide some guidance on the influence of other factors.

6.4.3 Flood Contours and Velocities

Figures 11, 12 and 13 show the flood contours along the Woronora River for the 1%, 2% and 5%
design events. The average velocities are also indicated for selected locations.

The flow distributions and average velocities at the time of maximum flood levels are given for
all cross-sections in Tables 11, 12 and 13. The average velocities at the time of peak discharge
are similar to the velocities at peak water level, except near the Georges River confluence where
higher velocities will occur,

It should be noted that the velocities represent average velocities across each segment of the
flow. Localised velocities at particular sites may vary from the average velocity and may be
influenced by factors such as constrictions, obstructions and proximity to the main river flow
path.
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TABLE 10 - SENSITIVITY ANALYSES OF DESIGN FLOOD LEVELS

Cross- River MIKE-11 Peak Flood Leve! (m AHD) for 1% AEP Event
Section Chainage Chainage Increased Higher Georges Higher River
No (km) (km} Roughness River Levels Bed Levals
1 0.33 10.31 1.7 1.7 1.7
2 0.66 9.98 1.7 1.8 1.7
2 0.97 9.67 1.7* 20 1.7
3 1.37 9.27 2.1 22 1.9
3A 1.65 8.99 23 2.4 2.1
5 1.97 8.67 25 2.5 2.3
] 2.43 8.21 2.8 28 2.6
7 2.n 7.83 2.9 28 2.7
8 2.99 7.65 3.1 3.0 29
9 3.19 7.45 3.1 3.0 29
10 3.39 7.25 3.1 3.0 3.0
" 3.62 7.02 3.3 3.1 3.1
12 3.85 6.79 a3 3.2 3.2
13 4.03 6.61 3.3 3.2 3.2
14 4.24 6.40 34 3.2 33
15 DS 445 6.19 34 33 33

us 4.47 €.17 36 3.5 3.6
16 4.64 6.00 38 3.6 3.8
17 4.95 5.79 38 a7 3.8
18 5.07 857 38 37 a8
19 531 5.33 3.8 37 3.9
20 5.49 5.16 4.0 3.8 4.1
21 £.69 4.95 4.1 3.9 4.2
22 5.80 4.74 4.2 4.0 42
23 6.10 454 4.3 41 4.3
24 6.30 4.34 4.4 4.1 44
25 6.52 4.12 4.5 4.3 4.5
25A 6.65 3.99 4.6 4.4 4.6
27 6.94 3.70 4.8 4.5 47
28 7.14 3.50 5.0 4.7 49
29 7.38 3.26 5.0 47 49
30 7.60 3.04 5.1 4.8 5.0
31 7.80 2.84 5.2 4.9 5.1
32 8.00 2.64 5.4 5.1 53
33 8.18 2.46 55 5.1 5.3
34 8.38 2.26 55 5.1 53
35 8.62 2.02 5.9 5.5 5.7
36 8.80 1.84 5.9 5.5 5.7
37 9.01 1.63 6.1 5.7 5.9
as 9.20 1.44 6.1 5.7 5.8
39 9.42 1.22 6.2 5.8 59
40 9.61 1.03 6.4 5.9 6.1
41 9.79 0.85 6.5 6.0 6.1
42 9.90 0.65 6.6 6.1 6.2
43 10.20 0.44 6.7 6.2 6.3
44 10.42 0.22 7.0 6.5 6.6
45 10.64 0.00 7.3 6.8 6.8
Notes: River chainage is measured upstream from Como Railway Bridge.

MIKE-11 model chainage is measured downstream from cross-section No 45.
Woronora Bridge is at river chainage 4.46 km.

Forbes Creek confluence is at river chainage 5.80 km.

* Flood levels due to storm tide conditions in Botany Bay.
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TABLE 11 - FLOW DISTRIBUTION AND AVERAGE VELOCITIES FOR 1% AEP EVENT

Cross- Flow Distribution (%) Average Velocity (m/s)
Section Left Channel Right Left .Channel Right
No. QO/Bank O/Bank O/Bank O/Bank
1 0 100 0 0 0.7 (1.8) 0
1A 0 88 12 0 1.0 (2.5) 0.4(0.8)
2 0 o 9 0 1.9 0.9
3 0 100 0 4] 1.6 0
3A 27 73 0 1.0 21 0
5 0 98 2 0.2 1.9 0.8
6 0 100 0 4] 1.4 0
7 0 98 2 0.2 2.4 0.3
8 0 a9 1 0 1.1 0.2
9 0 100 0 0.5 1.6 0
10 8 92 0 0.7 1.8 0.5
11 2 96 2 04 1.2 0.3
12 0 76 24 0.2 1.4 0.6
13 0 78 22 0 1.3 0.7
14 0 98 2 0.2 1.5 0.3
15 12 88 o 0.9 2.4 4]
16 5 94 1 03 1.6 0.2
17 0 97 3 0.2 1.4 0.2
18 5 a5 0 0.3 1.9 0.6
19 5 94 1 0.4 2.8 0.9
20 1 98 1 0.2 1.8 0.5
21 2 82 16 0.4 2.1 09
22 0 80 10 0 2.4 05
23 0 96 4 1] 2.0 05
24 12 88 ] 1.0 2.4 0
25 1 96 3 0 22 0.6
25A 4] a7 13 0.7 2.7 0.8
27 6 93 1 06 2.7 0.9
28 ¢] 68 32 0 2.0 0.5
29 1 a9 0 0.7 23 0.4
30 0 g5 5 0 2.6 0.7
3 0 96 4 0.1 2.7 0.9
32 8 91 1 1.2 24 0.6
33 2 93 0 12 2.5 0.6
34 0 100 0 0.1 3.2 0.9
35 o] 96 4 0.5 23 09
36 1 99 0 0.8 2.4 0
37 1 93 0 05 2.0 0.5
as 0 a2 8 0.1 28 1.1
39 1 g9 0 0.8 28 0.2
40 0 a9 1 0.5 28 0.7
41 0 99 1 0 29 0.9
42 0 o8 2 0 3.2 1.2
43 2 94 4 1.4 4.2 1.6
44 1 99 0 t.2 33 0.7
45 3 80 17 1.7 45 2.0
Notes: Flow distributions are rounded to nearest one percent. Overbank flows of less than 0.5 percent are

shown as zero.

Average velocities apply at time of maximum water level.

Average velocities at time of peak discharge are similar, except at cross-saction Nos 1 and 14.
The velocities at these cross-sections at peak discharge are indicated in

brackets ( ).
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TABLE 12 - FLOW DISTRIBUTION AND AVERAGE VELOCITIES FOR 2% AEP EVENT

Cross- Flow Distribution (%) Average Velocity (nvs)
Saction Left Channel Right Left Channel Right
No. OfBank O/Bank O/Bank O/Bank
1 0 100 0 0 0.6 {1.7) 0
1A 0] 89 11 0 1.0(2.4) 03(0.7)
2 0 92 8 0 1.8 0.8
3 0 100 4] 0 1.5 0
3A 26 74 14 09 2.0 ¢]
5 0 98 2 0.1 1.8 0.7
6 0 100 0 0 1.3 0

7 4] 99 1 0 2.3 0.2
8 0 a9 1 0 1.0 0.2
9 ¢] 100 0 0.5 1.5 0
10 7 93 0 0.6 1.7 05
11 1 97 2 0.3 1.1 03
12 0 77 23 0.1 1.3 0.6
13 0 79 21 0 1.2 0.7
14 0 a8 2 0.1 1.4 0.3
15 8 92 0 0.7 21 0
16 3 96 1 0.2 1.5 0.2
17 0 98 2 0.2 13 0.2
18 4 96 0 0.3 1.7 0.6
19 3 96 1 0.3 2.6 08
20 o] 99 1 0.1 1.7 0.4
21 2 84 14 0.3 2.0 0.8
22 0 92 8 0 2.2 04
23 0 a7 3 0 1.9 0.4
24 11 89 0 09 23 0
25 0 97 3 0.4 21 0.5
25A ¢] 89 11 09 25 0.7
27 5 94 1 0.5 25 08
28 0 7 29 0 1.9 0.5
29 1 99 0 0.6 2.2 0.3
30 0 a7 3 0 25 0.5
chi 0 a7 3 0 2.6 0.8
32 7 92 1 1.1 2.3 0.5
33 2 98 Q 1.1 23 0.5
34 0 100 o 0.1 3.0 0.7
35 0 97 3 0.4 2.2 0.7
36 1 99 0 0.7 23 0
37 1 99 0 0.4 1.8 0.5
38 0 83 7 0.1 2.6 1.0
39 1 a8 0 0.8 26 0
40 0 a8 1 0.3 26 0.6
41 ¢] Q9 1 0 2.7 0.9
42 0 o8 2 0] 3.0 1.0
43 2 94 4 13 3.9 15
44 1 99 0 1.0 31 0.6
45 3 82 15 1.6 4.4 19
Note: Flow distributions are rounded to nearest cne percent. Overbank flows of less than 0.5 percent are

shown as zero.

Avarage velocities apply at time of maximum water level.

Average velocities at time of peak discharge are similar, except at cross-section Nos 1 and 1A. The
velocities at these cross-sections at peak discharge are indicated in

brackets { ).
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TABLE 13 - FLOW DISTRIBUTION AND AVERAGE VELOCITIES FOR 5% AEP EVENT

Cross- Flow Distribution {%) Average Velocity (m/s)

Section Left Channel Right Left Channel Right
No. O/Bank 0O/Bank O/Bank O/Bank
i 0 100 o 0 0.5 (1.7} 0
1A 0 91 g 0 0.8 (2.3} 0.3{0.6)
2 0 93 7 Y 1.7 0.8
3 0 100 0 0 1.4 -0
3A 24 76 0 08 1.9 0

5 0 99 3 0 1.7 0.6
6 0 100 0 0 1.2 0

7 0 100 0 0 241 0.1
8 0 89 1 0 1.0 0.1
9 0 100 0 0.3 1.4 0
10 6 24 0 0.6 1.6 0.4
1 1 o8 1 0.2 1.0 03
12 0 79 21 o 1.2 0.6
13 0 80 20 0 1.2 0.6
14 0 99 1 0 1.4 03
15 6 94 0 0.6 1.9 0
16 2 97 1 0.2 1.4 0.2
17 0 99 1 0.2 1.2 0.1
18 3 97 0 0.2 16 0.5
19 2 a7 1 0.2 2.4 0.7
20 0 100 0 0 1.6 0.3
21 1 86 13 0.3 20 0.7
22 0 93 7 0 2.1 0.4
23 0 97 3 0 1.8 0.4
24 10 90 0 0.8 2.1 0
25 0 97 3 0.3 1.9 0.5
25A 0 90 10 0 2.4 0.7
27 4 85 1 0.5 2.4 0.7
28 0 74 26 0 1.9 0.5
29 1 99 o} 0.5 20 01
30 0 o8 2 0 2.4 0.4
31 0 o8 2 0 2.4 0.6
a2 7 93 0 1.0 2.1 0.4
a3 2 08 0 1.0 22 0.4
34 0 100 0 0 2.8 0.5
35 0 98 2 0.3 2.0 0.6
36 0 100 0 0.6 21 0
37 0 100 -0 0.3 1.7 0.3
38 0 94 6 0 24 0.9
39 1 99 G 0.6 2.4 0
40 0 100 ) 0.2 24 0.4
41 0 99 1 0 25 1.4
42 0 98 2 4] 28 1.0
43 2 95 3 12 3.6 1.4
44 1 9g 4] 09 2.9 0.5
45 2 as 13 1.6 4.2 1.7
Note: Flow distributions are rounded nearest one percent. Overbank flows of less than 0.5 percent are shown

as zero.

Average velocities apply at time of maximum water level.

Average velocities at time of peak discharge are similar, except at cross-section Nos 1 and 1A. The
velocities at these cross-sections at peak discharge are indicated in brackets ().
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6.5 EXTREME EVENT

The MIKE-11 model was also run for the extreme rainfall event, as defined in Section 5.4. The
runoff hydrographs generated using RORB were input to the model as upstream boundary
conditions. The downstream boundary condition for this event was supplied by the PWD and
involved an extreme flood on the Georges River coinciding with a 1% storm tide in Botany Bay,
which resulted in a peak flood level of 3.7 m AHD at the confluence with Woronora River. The
peak downstream water level was assumed to be coincident with the peak discharge in the
Woronora River.

The modelled peak flood levels for the extreme event are given in Table 14. The levels range

from 2.0 m higher than the 1% design flood levels at the Georges River to 3.3 m higher at the
Needles.
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TABLE 14 - EXTREME EVENT FLOOD LEVELS

Cross- River MIKE-11 Peak Flood Level {m AHD)
Section Chainage Chainage Extreme Event
No. {km) (lem)
1 0.33 10.31 3.7
1A 0.66 9.98 38
2 0.97 9.67 4.0
3 1.37 9.27 42
3A 1.65 8.99 4.4
5 1.97 8.67 45
6 2.43 821 4.9
7 2.7 7.93 5.0
8 299 7.65 5.2
9 3.19 7.45 5.2
10 3.39 7.25 5.2
1 3.62 7.02 5.4
12 3.85 6.79 55
13 4.03 6.61 55
14 4.24 6.40 55
16 D/S 4.45 6.19 5.6
u/s 4.47 6.17 59
16 4.64 6.00 6.1
17 4.85 5.79 6.1
18 5.07 5.57 6.1
19 5.31 5.33 6.2
20 5.49 5.15 6.4
21 5.69 4,95 6.4
22 5.90 4.74 6.6
23 6.10 4.54 6.6
24 6.30 4.34 6.6
25 6.52 412 6.8
25A 6.65 3.99 6.9
27 6.94 3.70 7.0
28 7.14 3.50 7.4
29 7.38 3.26 7.2
30 7.60 3.04 7.5
31 7.80 2.84 7.5
32 8.00 2.64 7.8
33 8.18 2.46 7.8
34 8.38 2.26 7.6
35 8.62 2.02 8.3
36 8.80 1.84 8.2
37 9.01 1.63 86
38 9.20 1.44 8.5
39 9.42 1.22 8.6
40 9.61 1.03 8.8
41 9.79 0.85 8.9
42 9.90 0.65 9.0
43 10.20 0.44 9.1
44 , 1042 0.22 9.6
45 10.64 0.00 10.1
Notes: River chainage is measured upstream from Como Railway Bridge.

MIKE-11 model chainage is measured downsiream from cross-section No 45,
Woronora Bridge is at river chainage 4.46 km.
Forbes Creek confluence is at river chainage 5.80 km.
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ELEVATION (mAHD)
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Appendix A Available Data o

~ This appendix provrdes supportrng lnformatron regardlng the avallable data used in the study

The rainfalls used in hydrolo.lc modelting of histoncal rainfall-runoff events are presented in .
© " Tables A.110/A.9. These tables show both total rainfalls and pluviometer records. The total rainfalls
o for each sub-area of the.catchment were: derived from the daily rainfall records. The dlvlslon of the
: catchment |nto sub-areas ls shown In Flgure 3 o _ o '

~The' pluvlometer (ecords are presented as hourly rairtfalls from the stert of the modelled event For .

- events with. more. than one pluviometer . récord, thé assignment of pluviometers to sub-areas is.
- indicated. This assignment was made for the. purposes of deﬂnlng the temporal pattern of raintall

|n each sub-area for the hydrologlc modelling . : , . S

- 'The avallable pluvlometer records for/some events were Inadequate for. modelling purposes
Synthetlc pluvlographs were developed for. these events and are also given in. the taples

Tahle A10. shows the recorded-high: tide levels at Fort Denlson for the dates of llkely ftoed events L
" In the: Woronora River (as-determined’ from fainfall’and flood lével fecords). - The.tidal records
- provided the basis for derivation of the. hydraulrc condittons at the Woronora Rlver Gecrges Rlver :
‘_-conﬂuence for hlstorlcal ﬂud events e _ . T

Figufes A1 and A2 shows the recorded ﬂood Ievel data from 1898 to 1988 presented on a, ,-

' longltudlnal sectlon of the study reaoh

" Figure-A3 shows the Woronora Ftlver bed proflle. as derlved from hydrographic survey ln 1984/85
_ _."The bsd Ievels obtarned ln a.check. sgrvey at flve Ioestlons in 1990 are also indlcated o



TABLE A.1 - RAINFALLS FOR JANUARY 1933 EVENT

TOTAL RAINFALLS

Sub-Area Rainfall {mm) Sub-Area Rainfall (mm)
A 335 N 130
B 275 O 140
Cc 250 P 190
D 275 Q 160
E 200 R 160
F 240 S 155
G 175 T 160
H 260 U 170
I 225 \ 175
J 190 W 180
K 200 X 185
L 150 Y 175
M 140 Y4 190

PLUVIOMETER RECORDS

There are no pluviometer records available for this event. A temporal pattern was synthesized for
the January 1933 event, based on the pluviometer record at Penshurst for the February 1956 event
(Table A.3). This was adopted because both events were of similar magnitude and occurred at
similar times of the year.
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TABLE A.2 - RAINFALLS FOR JUNE 1949 EVENT

TOTAL RAINFALLS
Rainfall Pluvio Rainfall Pluvio

Sub-Area (mm) Ref No Sub-Area {mm) Ref No

A 159 2 N 90 1

B 150 2 0 90 1

C 140 2 P 140 1

D 160 1 Q 130 1

E 140 i R 120 1

F 130 1 S 75 1

G 110 1 T 75 1

H 130 1 U 75 1

I 110 1 v 100 1

J 100 1 W 75 1

K 110 1 X 70 1

L 90 1 Y 70 1

M 100 1 Z 70 1

PLUVIOMETER RECORDS: HOURLY RAINFALLS FROM 2300 HRS, 17/6/1949
Pluvio No 1: Penshurst

3 3 38 4 4 2 23 2 25 24 83 104
12 33 07 07 17 07

Pluvio No 2: Cronullia

3 3 383 4 4 2 13 14 13 5 11 14
7.7 13
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TABLE A.3 - RAINFALLS FOR FEBRUARY 1956 EVENT

TOTAL RAINFALLS
Rainfall Pluvio Rainfall Pluvio

Sub-Area (mm) Ref No Sub-Area (mm) Ref No
A 300 1 N 225 2

B 310 1 O 225 2

C 310 1 P 300 2

D 330 1 Q 275 2

E 300 1 R 250 2

F 285 1 S 215 2

G 275 1 T 215 2

H 270 1 U 215 2

! 265 1 \" 235 2

J 265 1 W 240 2

K 275 1 X 225 2

L 260 1 Y 210 2

M 265 2 Y4 210 2

PLUVIOMETER RECORDS: HOURLY RAINFALLS FROM 0700 HRS, 9/2/1956
Pluvio No 1: Synthetic

0 0 4 44 45 45 6 7 10 6 45 4
6 7 8 12 2 16 2 1.5 15 6§ 7 7
26 24 26 14 14 14 4 4 4 7 1
Pluvio No 2: Penshurst

2 2 45 5 5 8 5 5 5 5

75 75 65 65 65 3 6 © 1656 1585

245 245 135 85 85 4 4 4
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TABLE A.4 - RAINFALLS FOR NOVEMBER 1961 EVENT

TOTAL RAINFALLS
Rainfall Pluvio Rainfall Pluvio
Sub-Area (mm) Ref No Sub-Area (mm) Ref No
A 415 1 N 160 2
B 300 1 0 125 2
C 215 1 P 185 2
D 215 1 Q 175 2
E 190 1 R 150 2
F 250 1 S 130 2
G 185 2 T 125 3
H 325 i U 125 3
| 350 1 Vv 125 3
J 200 2 w 120 3
K 225 1 X 115 3
L 180 2 Y 125 3
M 185 2 Z 115 3

PLUVIOMETER RECORDS: HOURLY RAINFALLS FROM 1400 HRS, 17/11/1961
Pluvio No 1: Synthetic

0 2 0 0O 1 1 0 1 1 1 2 2
3 3 2 2 3 4 3 84 6 52 48 52
22 292 10 52 2 12 2 2 2 44 2 2

4 6 52 72 6 52 48 1

Pluvio No 2: Synthetic
0 0 o 0 o0 O 1 c O 1 1 1
1 2 2 1 1 48 13 52 64 6 52 64
6410 10410 10 6 4 6 4 4 36 4
32 4 4 52 6 8 10 92 8 232 26

Pluvio No 3: Penshurst
o o0 o0 o O O O OO 0 o o0 O
o 0 0O 0o 0 O 14 2 2 2 1 1
2 2 3 4 5410 15 10 9 8 5654 5
5 565 5 75 9 10 4 28 2 07 0 O
2 47 8 17 14 0 03 03 04 3 04 03
1 23 86 20 163 10
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TABLE A.5 - RAINFALLS FOR NOVEMBER 1969 EVENT

TOTAL RAINFALLS
Rainfall Pluvio Rainfall Pluvio
Sub-Area {mm) Ref No Sub-Area {mm) Ref No
A 300 1 N 220 2
B 255 1 0 210 2
C 275 1 P 260 2
D 285 1 Q 240 2
E 265 1 R 235 2
F 255 1 S 190 2
G 245 1 T 190 3
H 275 1 ) 190 3
b 260 1 Vv 215 3
J 245 1 w 240 3
K 255 1 X 200 3
L 215 1 Y 180 3
M 240 2 Z 200 3

PLUVIOMETER RECORDS: HOURLY RAINFALLS FROM 0800 HRS, 12/11/1969

Pluvio No 1;: Woronora Dam

0 0 0 0 4 5 5 0 0 2 2 1
1 1 1 i 1 2 2 2 3 2 1 6
6 3 3 5 5 8 8 115 115 8 8 3
3 2 2 3 3 4 4 85 8515 15 3
3 1

Pluvio No 2: Reverces
0 0 0 0 0 3 4 0 0 0 0 0
0 0 1 1 1 1 1 1 2 1 0 9
9 8 8 5 5§ 13 13 2 2 9 9 9
8 7 3] 4 2 3 3 4 4 4 4 4
4 13 13 17 17

Pluvio No 3: Penshurst
0 0 0 1 1 2 2 1 1 2 2 1
0 0 0 0 0 0 0 0 1 3 5 2
24 32 2 04 04 36 72 76 10 24 2 2
48 28 12 08 O 32 48 10 24 52 0 2

2 12 0 08

A-6



TABLE A.6 - RAINFALLS FOR MARCH 1974 EVENT

TOTAL RAINFALLS
Rainfall Pluvio Rainfall Pluvic

Sub-Area (mm) Ref No Sub-Area (mm) Ref No

A 290 4 N 150 3

B 275 4 0 150 3

Cc 265 4 P 200 3

D 265 4 Q 175 3

E 225 4 R 150 3

F 225 4 S 150 1

G 190 3 T 150 1

H 215 4 U 150 1

| 190 4 Vv 150 2

J 180 4 w 160 2

K 190 4 X 150 1

L 170 3 Y 150 1

M 175 3 Z 165 1

PLUVIOMETER RECORDS: HOURLY RAINFALLS FROM 0800 HRS, 10/3/1974
Pluvio No 1: Moridale

32 0 0 0 o0 O
80 28 0 0 08 O
2
1

o000
[\
o.
o
N
~

28 2 52 28 5.2
3 16 252 248 4

Pluvio No 2: Cronulla

3 0 0 0O 0 O 1
5 8 2 0 1 0 O
2 4 3 4 10 92 4
3 10 9 20 13 1

—r
F-Y
o
N
N
O W

Pluvio No 3: Woronora Dam

3 0 0 0O O O o0 0 5 M 3 b5

13 8 6 2 2 2 1 o 1 1 1 3
4 3 2 4 2 8B 3 5 4 0 2 2
4 5 16 21 14 1



Pluvio No 4: Reverces

5 0 0 O
i0 5§ 0 O
4 5 10 3
10 13 21 20

0
0
6

s O
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TABLE A.7 - RAINFALLS FOR MARCH 1977 EVENT

TOTAL RAINFALLS
Rainfall Pluvio Rainfall Pluvio
Sub-Area (mm) Ref No Sub-Area (mm) Ref No
A 250 1 N 130 2
B 175 1 0 165 2
C 172 1 P 160 2
D 170 1 Q 150 2
E 168 1 R 135 2
F 170 1 S 140 3
G 165 2 T 145 3
H 160 1 U 155 3
| 140 1 v 165 3
J 130 1 W 165 3
K 160 1 X 165 3
L 120 2 Y 145 3
M 140 2 Zz 160 3

PLUVIOMETER RECORDS: HOURLY RAINFALLS FROM 1200 HRS, 3/3/1977

Pluvio No 1: Reverces

0
8

3
15

1
11

0 0 O O 03 03 089 2210
9 12517 9 17616 2 83 03

Pluvio No 2: Woronora Dam

0
5
0.1

1.
9

8

0
7

0 0 0 O 1.2 13 07 22 4

7.3 1156 13 105 15

Pluvio No 3: Cronulla

0
0.5
15

25 0

1

05

0 0 05 05 O
15 25 45 35 2

©

23 2 01

0 1 05 O
45 4 7 125
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TABLE A.8 - RAINFALLS FOR AUGUST 1986 EVENT

TOTAL RAINFALLS
Rainfall Pluvio Rainfall Pluvio
Sub-Area (mm) Ref No Sub-Area (mm) Ref No
A 420 1 N 380 2
B 420 1 0] 400 2
C 400 1 P 380 2
D 370 1 Q 380 2
E 390 1 R 380 3
F 410 1 S 400 3
G 390 2 T 390 3
H 430 1 U 370 3
I 425 1 \' 400 3
J 410 1 W 390 3
K 400 i X 370 3
L 380 2 Y 360 3
M 390 2 A 360 3

PLUVIOMETER RECORDS: HOURLY RAINFALLS FROM 0900 HRS, 4/8/1986

Pluvio No 1: Reverces

1 2 3 105 65 45 11 115 65
25 2 6 15 3 9 10 13 14
10 8 8 6 8 6 115 65 9
75 7 155 5 7 155 175 235 12
3 4 7 125 115 6 7 5 2
0 0 1 0 3 15 0 0 0
Pluvio No 2: Woronora Dam
25 3 4 5 6.5 14 7 8 4
3 25 5 35 35 85 10 95 75
g 12 10 9 11 11 11 10 95
8 8 105 45 7 75 75 45 b5
2 4 10 5 65 4 12 45 85
05 0 0 0 0 1 0 0 0
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Pluvio No 3: Yarawarrah
55 2

75 95 10
16.5 24

2
0

1

85 12
35 25 356 3

9.5

45 4
25 95 3

0

0

105 8 65 65 3
45 10.5 11 6 45
7 11 12510 115
756 265 75 25 15
45 45 5 0 &
0 0 0 o0 0O
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TABLE A.9 - RAINFALLS FOR APRIL 1988 EVENT

TOTAL RAINFALLS
Rainfall Pluvio Rainfall Pluvio
Sub-Area {rmm) Ref No Sub-Area {mm) Ref No
A 425 1 N 305 2
B 390 1 0 270 2
C 370 1 P 340 2
D 370 1 Q 315 2
E 350 1 R 290 3
F 350 1 S 275 3
G 330 2 T 280 3
H 370 1 U 280 3
I 340 1 \' 290 3
J 325 1 W 285 3
K 330 1 X 275 3
L 310 2 Y 270 3
M 315 2 2 265 3

PLUVIOMETER RECORDS: HOURLY RAINFALLS FROM 0600 HRS, 28/4/1988
Pluvio No 1: Reverces

651556 35 0 05 1 0 5 65 89 7 45
5 83 0 O 05 3 35 05 0 1 45 3
2 15 1 55 83 3 25 6 6 05 35 35
3 156 05 7 45 45 6 565 7519 26 135
145 10514 11 1156 6 8 1.5 15 55 45 235
15

Pluvio No 2: Woronora Dam

15 25 2 0 0 16 25 5 4 5 5 6
166 3 0 0 1 15 25 05 05 1 4 3
25 25 2 65 45 2 3 55 55 1 5 4.5
45 15 05 55 05 4 10 95 5 7.5 335 105
18 65 85 13 35 25 7 16 2 11 7.5 185
05 05
Pluvio No 3: Yamrawarrah
05 05 1 0 1 15 3 6 45 3 4 6.5
14 2 05 0O 05 35 05 1 1 15 25 2
35 25 35 7 45 3 3 7 4 15 75 45
85 05 1 1 05 2 145 6 45 165 135 27
05 15 185 4 35

65 95155 65 4 6 55




TABLE A.10 - EXTRACTS FROM MSB TIDAL RECORDS AT FORT DENISON

Date High Water High Water Fiood Data
(Morning) (Afternoon) Sources
(mAHD) (mAHD)
25/3/1926 4'11.5" 0.71 4'0.5 0.43 S
25/1/1933 5'8.5" 0.94 3'9.5" 0.36 R,S
18/6/1949 4'5.5" 0.56 4'3.5" 0.51 w
14/11/1949 3'3.5" 0.19 4’5" 0.55 R
17/6/1959 41" 0.45 510 0.98 R
23/7/1950 4’3 0.50 4'11.5" 0.71 W
20/1/1951 53 0.80 3'8" 0.31 RW
15/6/1952 5'1 0.75 4'7" 0.60 w
26/7/1952 4'4.5" 0.54 4'9" 0.65 W
1/5/1955 5'2" 0.65 4'85" 0.51 w
10/2/1956 59" 0.83 4'11.5° 0.59 RW.,S
11/2/1956 6'0.5" 0.92 5'3" 0.68 RW
11/3/1958 6'8.25" 1.11 4'4.7%' 0.41 R
19/11/1961 5'6.5" 0.76 5'1.5" 0.64 RW.,S
30/8/1963 4'10° 0.55 5'8.5" 0.81 R
11/6/1964 5'3.5" 0.69 71 1.23 W
16/4/1969 5'4" 0.70 6'0.5" 092 R
14/11/1969 6'1" 0.93 NR RW
12/3/1974 1.36m 0.44 1.63m 0.71 w
10/3/1875 1.55m 0.63 1.35m 0.43 RW
4/3/1977 1.74m 0.82 1.48m 0.56 w
16/3/1983 1.61m 0.69 1.54m 0.62 R
8/11/1984 1.68m 0.76 1.37m 0.45 R
6/8/1986 1.51m 0.59 1.98m 1.07 R
30/4/1988 1.52m 0.60 1.72m 0.80 R

Key: Flood Date Source:

R - Rainfall records

W - Sydney Water Board records
S -Sutherland Shire Council

The convarsion of the above readings to AHD is as follows:

Prior to 31/12/1953

Level (mAHD) = Tide reading {m) - 0.80
Post 31/12/1853
Level (mAHD) = Tide reading (m) - 0.925
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ELEVATION {(mAHD)

Figure A.1
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ELEVATION (mAHD)
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(2) RESIDENT INTERVIEW WITH NUMBER (1890)
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Figure A.3

Q

390HE AMIIvH OWOD

ION3NTINOD H3AIK S3DHOID

390148 YHONOHOM

3901481004
FON3NTINOD H33HO SIBHOA

$37033N 3HL

2
-3
-4

L\ /

[ ]

/

<<

e

|

>
/

o

-2
-3

<
|

(QHYW) NOILYATT

7 T

182

Y180

280

£89
VeSO

§50

950
480

8s0
6S0
018D

118D

¢SO
£18D
r1SD
5180
9180
LI1SD

B1S0

61S0
0259
1280

[4238)
£250

eSO

G280
¥52S50

L2580

8250

6280
0eS0
LESD

2£80
£ESO

§€80
9¢€8D

LESD
BESO

6€S0
orso
7SO

eSO
E¥SO

1 44°10)

S¢SO

CROSS SECTIONS

6000

1000

7000

10000

10800

RIVER CHAINAGE (m)

LEGEND

smee  BED LEVEL - 1984/85 SURVEY

BED LEVEL - 1990 SURVEY

X

WORONORA RIVER FLOOD STUDY

WORONORA RIVER BED LEVELS




This. appendix provldes supporting tnformetlcn ort the hydrologic mcdelllng undertaken as part of
the study. . i TR .

| 'Flgure B.1'shows the lsehyetal dlagram prepared for the Apnl 1988 ﬂood event The total raihtalls
for each sub-area of the ROHB model were derived frorn this dlagram

e Flgure B.2 shows the. recorded and modelled outﬂow hydregraphs from_ \_l_ll_oronora Bam for the 1988-
- event. The good agresment between the two' hydrographs. particularly in the. vlclnlty of the peak
o discharge indicate the validity of the FIORB mcdel developed fer the catchment SArS ,

'Flgure B.a shews the medelled hydrographs in the wOrenera Flrver at the Needtes lor srx historical
. -floed events: ‘These hydrographs, together with the runoff hydrographs-from local catchments -
downstreamn of the Needles. provlded the hydrologic mputs for the hydraullc modelllng ef hlstorlcal,

S }fleed events
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DISCHARGE (m'/s)

Figure B.2
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~ Appendix C - Hydraulic Modelling

This appendlx provides supporting informatlon on the hydraullc modelllng undertaken as part of the :

study

Figuro c1 shows the locations of three recorders installed to measure tlde Ievel variatlons in the

Woronora River. The Iocation of Woronora bridge, where tide levels and velocities were measured, -

is also shown

- Flgures c.z 0.3 and c 4 compare the measured and modelled levels at the three reoorder Iocatlons_ _
from 0800 to 1800 hours on 14 November 1985. Figure C.5 shows the recorded and modelled_, ‘

: discharges as welt as water Ievels at Woronora brldge over this perlod

Flgures C. 6 to c 10 show the recorded tlood levels and modelled flood Ievel proﬂles for historical

~~ events in 1933, 1956, 1961, 1969 and 1974. The model results for those events provided general

confirmation of the- capability of the MlKE—11 model to simulate observed fiood behavlour in the

Woronora River




LUCAS HEIGHTS

WORONORA

THE NEEDLES

FORBES

(Opr(/j'

o
ke
K
)

Figure C.1

ILLAWONG
OP[Q’
TIDE RECORDER N°3
MEASUREMENT OF
DEEPWATER ESTATE DISCHARGE AND BONNET
WATER LEVEL

BAY
WORONORA HEIGHTS

g

COMO
WORONORA

TIDE RECORDER N°19*

CA A’[[.-A,

/

A WORONORA
BRIDGE

"~~~ TIDE RECORDER N°2

c}@*

SUTHERLAND

LOCATION OF TIDE RECORDERS

14 NOVEMBER 1985
WORONORA RIVER FLOOD STUDY

HIAI




WATER LEVEL (mAHD)
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WATER LEVEL (mAHD)

Figure C.3
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WATER LEVEL (mAHD)

Figure C.4
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WATER LEVEL (mAHD)

Figure C.5

1.2 60
/
1.0 f—= \ 50
0.8 " 40
l. l[
., : \ 1
/ ! B |
0.6 f— 3 \ \ 430
0.4 / 4 \ 20
'/ \ &
0.2 10 5
-
] :
i | M
0.0 ‘_\ 0 g
: <
: T I
i A o
1\ 2
-0.2 % -100
: Y '\
-0.4 ; -20
X
. !
-0.6 \\ -30
[
-0.8 \‘ -40
'.'\
-1.0 NG -50
-1.2 -60
0700 0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
TIME (Hours}
LEGEND

RECORDED WATER LEVEL
MODELLED WATER LEVEL (n=0.035)

RECORDED DISCHARGE
MODELLED DISCHARGE

(n=0.035)

WATER LEVEL AND DISCHARGE
AT WORONORA BRIDGE

14 NOVEMBER 1985
WORONORA RIVER FLOOD STUDY




Figure C.6
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Figure C.7
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Figure C.8
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Figure C.9
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