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1. Introduction

The Moira Shire Council (MSC) commissioned HARC to undertake the Upper Broken and
Boosey Creek Regional Flood Study. The assessment is a joint initiative funded through the
Victorian and Australian governments, Benalla Rural City Council, Moira Shire Council and the
Goulburn Broken Catchment Management Authority (CMA). The study area is shown in Figure
1-1.

The study included detailed hydrological and hydraulic modelling of the Broken and Boosey
Creeks which is described in detail in the Boosey and Upper Broken Creek Regional Flood
Study — Technical Report (HARC, 2025).

This project responds to a number of key priorities in the Goulburn Broken Regional Floodplain
Management Strategy and as a result seeks to provide updated, reliable flood risk information
to improve:

B The Total Flood Warning System within the study area;
B Land-use Planning, and;

B Municipal Flood Emergency Plans.

This report is a flood intelligence report. Several flood intelligence products have been
prepared separately, which have been informed by the outcomes of the technical investigation
(HARC, 2025).
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Figure 1-1 Study area and catchment area
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2. Design floods

To generate design flood extents the 1 in 5, 10, 20, 50, 100, 200, 500 and 1,000 AEP
hydrographs were extracted from the hydrology (RORB) model. These hydrographs were then
placed into the hydraulic model to generate the 1 in 5, 10, 20, 50, 100, 200, 500 and 1,000 AEP
flood events.

Two storm files were generated. One was centred over the Boosey and Broken Creek
catchment and one was centred on the Broken River catchment. Both sets of hydrographs
were run through the hydraulic model. As total flood volume is important for the floodplain,
three duration storms, 24, 48 and 72 hours were run for each storm location.

Table 2-1 shows the RORB peak flows at the Katamatite, Tungamah and Walsh’s Bridge gauge
locations. These results are for a storm focused on the Broken River catchment, which includes
breakouts downstream of Casey’s Weir which flow into Broken Creek. Table 2-2 shows the
same peak flows for a storm over the Broken-Boosey Creek catchment. Table 2-1 and Table
2-2 highlights that the results are not sensitive to the cause of the flooding.

Table 2-1 Summary of modelled peak flow estimates from the event centred over the entire
catchment including the Broken River

Peak Flow (m?s) Peak Flow (ML/d)

AEP (1 \—‘
in X) Katamatite M V;?:de Katamatite = Tungamah ‘g::;;e

5 29 17 2 506 1,469
10 17 58 36 1,469 5,011 3,110
20 30 92 60 2,592 7,949 5,184
50 49 143 109 4,234 12,355 9,418
100 66 194 155 5,702 16,762 13,392
200 91 258 225 7,862 22,291 19,440
500 128 355 338 11,059 30,672 29,203
1000 160 432 434 13,820 37,320 37,500

Table 2-2 Summary of modelled peak flow estimates from the event centred over the Broken-
Boosey Creek catchment only

Peak Flow (m¥/s) Peak Flow (MLId)
AEP (1
inX)  Katamatite Tungamah ‘g?:dsges Katamatite | Tungamah V;?:zg;s
5 10 35 36 3 020 3,110
10 19 67 61 1,640 5,790 5,270
20 32 103 92 2,760 8,900 7,950
50 53 161 152 4,580 13,910 13,130
100 72 219 208 6,220 18,920 17,970
200 99 287 281 8,550 24,800 24,280
500 133 382 382 11,490 33,000 33,000
1000 167 471 484 14,430 40,690 41,820
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3. Maps and flood extents

TUFLOW tracks the maximum of each map output during the simulation period on a geo-
referenced grid cell by grid cell basis for each computation cell within the hydraulic model. This
maximum is outputted from TUFLOW as a geo-referenced raster grid. For each AEP
investigated a map for depth, water surface elevation and hazard measured as depth x velocity
was produced which combines the maximum from each storm location and duration. In this way
each AEP map is a combination of possible storm events.

It is to be noted that the intent of this study was to produce catchment-scale flood mapping, and
as such the design inputs adopted have been selected to provide a reasonable representation
of storm and flood behaviour across the entire study area. At specific locations such as
Tungamah or Katamatite, it may be possible to derive design storms which produce flood
estimates at those locations which provide a closer match to the gauged flood frequencies
there. These local storms would necessarily sacrifice accuracy of storm and flood behaviour at
other locations. In very broad terms, if a design storm is centred on a smaller area the rainfall
depths would be higher. This is because the point rainfall estimates from the BoM are
converted to areal values using the ARR2019 areal reduction factors (Jordan et al., 2013).
These ARFs account for the fact that larger catchments are less likely to experience high
intensity storms over the whole catchment, therefore as the focus sub-catchment moves from
upstream to downstream these ARFs increase significantly. The ARFs which have been
adopted for this study reflect a reasonable set of values across the entire study area, and have
not been selected to generate the best estimate of flood behaviour at a single location.

Also of note is that the maps are only representative of riverine flooding and do not consider
localised storms that could cause localised flooding.

The flood maps from the combined storms are shown in Appendix A.

MSC00001 Boosey and Upper Broken Creeks Regional Flood Study Flood Intelligence v2




Boosey and Upper Broken Creeks Regional Flood Study L ’ A‘ » '
Flood Intelligence Report B _ B ‘; )

4. Flood behaviour and impact of flooding

The following section summarises the impact of flooding. Table 4-1 provides a summary of the
water level at the Tungamah gauge along with the main impacts for each AEP. Table 4-2
provides a summary of the water level at the Katamatite gauge along with the main impacts for
each AEP. Table 4-3 is a summary of the number of properties that are inundated at Tungamah
for each AEP event. Table 4-4 is a summary of the number of properties that are inundated at
Katamatite each AEP event. Table 4-5 is a summary of the main roads that are overtopped.
The information in the following tables has been added to the Moira Shire Flood Emergency

Plan (MFEP).

Table 4-1: Summary of impacts of flooding at Tungamah

Gauge

Height

AEP (%)

Expected flooding and Consequences

217m

July 1981 Flood Event
(20% AEP)

Properties likely Impacted

5 Properties in Total

e No residential properties inundated above flood level.
e 3,5 May Street

o 16 Bailey Street

Community Infrastructure Likely Impacted

e N/A

Essential Infrastructure Likely Impacted

o N/A

Tourism / Recreation Likely Impacted

e Tungamah Lion Park Playground

e Jubilee Park (Tungamah Bushland Reserve)
e Tungamah Football and Netball Club
Roads Flooded

e Burn Street (0.10m), Bailey Street (0.05m) and Boyd
Street (0.02m)

e Barr Street (0.1m along 0.75km sections South of
Tungamah weir)
Event Summary

Main areas of inundation occur on the along the banks of
Boosey Creek at the Tungamah Lion Park Playground
and along the Eastern side behind the Recreation
Reserve.

231m

July 1995 Flood Event

243 m

August 1973 Flood Event

246m

October 1975 Flood Event

233 m

2022 Flood Event
10% AEP

Properties likely Impacted

11 Properties in Total

e No residential properties inundated above flood level.
e 15 May Street

e 16 Bailey Street

Community Infrastructure Likely Impacted

e N/A

Essential Infrastructure Likely Impacted

e N/A
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Gauge AEP (%) Expected flooding and Consequences
Height
Tourism / Recreation Likely Impacted
e Tungamah Lion Park Playground
e Jubilee Park (Tungamah Bushland Reserve)
e Tungamah Football and Netball Club
Roads Flooded
e Middleton Street (0.1m), Bailey Street (0.1m) and
Telford Street (0.1m)
e Barr Street (0.2m along 1km sections South of
Tungamah weir)
Event Summary
Inundation is confined to along the creek with flood
waters reaching Bailey Street.
Properties likely Impacted
15 Properties in Total
e 29 Boyd Street
e 8-10 Telford Street
e 15 Middleton Street
Community Infrastructure Likely Impacted
e N/A
Essential Infrastructure Likely Impacted
2010 Flood Event (2.59 © A
251m ood Event (2.59m) Tourism / Recreation Likely Impacted
5% AEP
e As for smaller floods
Roads Flooded
e Boyd Street, Devenish Road, Tungamah Road,
Tungamah Main Road and west end of Spry Street.
e Barr Street (0.3m along 1km sections south of
Tungamah weir)
Event Summary
Flood waters begin to impact property boundaries, with
depths of 0.1m at some properties. Safe egress is
maintained via Tungamah Road travelling north.
Properties likely Impacted
20 Properties in Total
e 2, 30 Berndt Street
e 13, 14, 20 Middleton Street
e 41 Barr Street
e 28 Boyd Street
e 1 May Street
1993 Flood Event (2.72m) Community Infrastructure Likely Impacted
2.67m o ) )
2% AEP e Tennis clubrooms along Burr Street inundated
above floor
Essential Infrastructure Likely Impacted
e N/A
Tourism / Recreation Likely Impacted
e As for smaller floods
Roads Flooded
e Burr and Bailey Street inundated up to 0.5m
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Gauge
Height

AEP (%)

Expected flooding and Consequences

e Middleton Street (westward) inundated up to 0.3m for
5kms

Event Summary

Tungamah was generally free from floods in the 1974 and
1993 events, when flooding does occur in the town;
problems are generally minor and are managed locally
because the town is isolated.

276 m

1% AEP

Properties likely Impacted

30 Properties in Total

e 38, 40 Malhon Street

Community Infrastructure Likely Impacted

e Limited access to the Town Hall in Barr Street and
Maternal & Child Health Centre in Middleton Street.

Essential Infrastructure Likely Impacted

e |n amajor flood the new sewer system in Tungamah
maybe inundated, the impact of this is unknown at
this stage as the sewer has not been flooded.

Tourism / Recreation Likely Impacted
e As for smaller floods
Roads Flooded

e Access to the town is generally maintained from the
north. In major Muckatah depression flows, the north
access can also be flooded, with many of the roads
to the east and west also flooded. Elvin Street, Burr
Street, Tungamah Main Road (east and west)
inundated up to 0.5m

e Malhon Street (southern end inundated up to 0.2m)
e Spry Street west of Tungamah Road

e Argus Street (south from Middleton)

Event Summary

Flood water begins to travel down Middleton Street and
up along Barr, Boyd and Burn street, inundating several
properties located closer towards Boosey Creek. At this
flood level there is limited access to the Town Hall in Barr
Street and Maternal & Child Health Centre in Middleton
Street.

2.88m

March 2012 Flood Event

Properties likely Impacted

20 Properties in Total

L]

Community Infrastructure Likely Impacted
L]

Essential Infrastructure Likely Impacted

L]

Tourism / Recreation Likely Impacted

e As for smaller floods

e Recreation Reserve Inundated

Roads Flooded

L]

Event Summary

Flood waters remained in the township for 4-7 days.
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Table 4-2: Summary of impacts of flooding at Katamatite

Gauge AEP (%) Expected flooding and Consequences
Height

210m 20% AEP

3 Properties likely Impacted

e No residential properties inundated above floor level.

Community Infrastructure Likely Impacted

e Flood water reached the back of the Catholic church.

Essential Infrastructure Likely Impacted

e N/A

Tourism / Recreation Likely Impacted

o Katamatite Lions Memorial Park

Roads Flooded

e Chapel road (0.5m)

e Foy Street (0.15m)

o Beek Street inundated between Cemetery Road and
Hotchin Street (0.2m)

e Langan Road

Event Summary

e Main areas of inundation occur on the eastern bank of
Boosey Creek near the corner of Cemetery and Banella-

Tocunwal Road and along Chapel Road where it runs
parallel to Boosey Creek.

2.28m 10% AEP

3 Properties likely Impacted

e No residential properties inundated above floor level.
Community Infrastructure Likely Impacted

e Flood water reached the top step of the Catholic church.
Essential Infrastructure Likely Impacted

o N/A

Tourism / Recreation Likely Impacted

e As for smaller floods

Roads Flooded

e Goorang Street and Cemetery Road

e Wang Street

Event Summary

Foy and the southern end of Wang Street are inundated. Both
the flood extent and depths are slightly larger compared to the
20% AEP.

October/November 2022

248 m event

Roads Flooded
e Localised Roads flooded
Event Summary

No flooding above floor. Extremely slow moving flood event,
potentially due to cropping

258 m 5% AEP

3 Properties likely Impacted
e No residential properties inundated above floor level.
Community Infrastructure Likely Impacted

Essential Infrastructure Likely Impacted
e N/A
Tourism / Recreation Likely Impacted
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Gauge
Height

AEP (%)

Expected flooding and Consequences

e Katamatite Recreation Reserve / Football Club is
inundated

e Cemetery begins to be inundated at the south-west corner
e And as for smaller floods

Roads Flooded

e Benalla-Tocumwal Road

Event Summary

The southern side of the Katamatite Recreation Reserve /
Football Club is inundated along both Wang Street and along
Chapel Road. There is significant overtopping of the
Katamatite-Yarrawonga Road to the east of Chapel Road and
with similar overtopping along Benalla-Tocumwal Road 3km

south of Katamatite. Safe egress is maintained along Benalla-
Tocumwal Road heading north from Katamatite.

274 m

October 1993 event

Event Summary

276 m

2% AEP

10 Properties likely Impacted

e Some residential properties inundated above floor level.
e 20 Cemetery Road

e 36-54 Goorang Street

e 4-6 Hotchin Street

Community Infrastructure Likely Impacted

e N/A

Essential Infrastructure Likely Impacted

e N/A

Tourism / Recreation Likely Impacted

e And as for smaller floods

Roads Flooded

e Benalla-Tocumwal Road

e Beek Street opposite Katamatite Police Station
Event Summary

e Cemetery inundated at the south-west corner, with flood
depths along Benalla-Tocumwal Road south of Hotchin
Street to Boosey Creek exceeding 0.5m, and generally in
the range of 0.8m at the eastern end of Reserve Road.
Chapel Road north of Moore Street becomes inundated
with water stretching across the Katamatite Recreation
Reserve / Football Club oval to Moore Street.

281m

May 1974 event

Properties likely Impacted

(]

Community Infrastructure Likely Impacted

e Flood water reached the top step of the Catholic church.
Essential Infrastructure Likely Impacted

(]

Tourism / Recreation Likely Impacted

e As for smaller floods

Roads Flooded

(]

Event Summary
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Gauge
Height

AEP (%)

Expected flooding and Consequences

2.94m

1% AEP

25 Properties likely Impacted
e 19 properties flooded above floor
Community Infrastructure Likely Impacted

e Flood water reaches bottom of Police Station, War
Memorial, Fire Station and Historic Museum along Beek
Street

Tourism / Recreation Likely Impacted

e Caravan Park flooded

o Cemetery inundated from both south and east
e And as for smaller floods

Roads Flooded

e Benalla-Tocumwal Road (north and south of town),
Katamatite-Nathalia Road and Yarrawonga-Katamatite
Road

e |solation of the town for up to 1 week.
Event Summary

Areas to the east and south of town are most susceptible to
flooding in a major event. These areas include houses along
Beek Street, Hotchin Street and Cemetery Road, with the
Katamatite Recreation Reserve flooded.

3.10m

February/March 2012 event

Properties likely Impacted

L[]

Community Infrastructure Likely Impacted

e Flooding impacted post office in Beek Street.
Event Summary

Parts of the town were flooded and access roads flooded,
isolating the township.

3.10m

0.5% AEP

28 Properties likely Impacted
e Majority of properties south of Foy Street are inundated

e All properties along Wang Street are inundated at floor
level

Community Infrastructure Likely Impacted
L]

Tourism / Recreation Likely Impacted

L]

Roads Flooded

L]

Event Summary

e All areas south of Foy Street are likely to be inundated to
varying degrees. Areas near Wang Street are similarly
impacted with deep water within the Katamatite
Recreation Reserve / Football Club.
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Table 4-3: Summary of property inundated — Tungamah

AEP (1 in X)
5 10 20 50 100 200 @500 | 1000

Level at Tungamah Gauge (m) 217 2.33 2.51 2.67 2.76 2.89 2.97 3.05
Level at Tungamah Gauge (mAHD) 1221 | 122.3 | 1225 | 122.6 | 122.7 | 122.8 | 122.9 | 123.0
Number of properties flooded above
floor 0 2 5 16 25 56 72 92

Number of properties flooded below
floor only 1 7 14 60 82 128 147 156
Total number of flooded properties 1 9 19 76 107 184 219 248

Table 4-4: Summary of property inundated — Katamatite

AEP (1in X)
5 10 20 50 100 500 | 1000
Level at Tungamah Gauge (m) 2.10 2.28 2.58 2.76 2.94 3.10 3.26 3.39
Level at Tungamah Gauge (mAHD) 115.0 | 115.1 | 1154 | 1156 | 1158 | 116.0 | 116.1 | 116.3
Number of properties flooded above
floor 0 0 0 5 20 28 41 54
Number of properties flooded below
floor only 0 0 3 17 46 60 79 113
Total number of flooded properties 0 0 3 22 66 88 120 167

Table 4-5: Summary of road Inundation

Depth of inundation (m) for each AEP (1 in X)

Street Township ngﬁﬁ

200 500
Devenish Rd Tungamah | 0.34 0.38 0.43 0.52 0.57 0.71 0.79 0.87
Mallon St Tungamah 0.01 0.08 0.18 0.48 0.68 0.86
Spry St Tungamah 0.02 0.49 0.54 0.68 0.76 0.84
Argus St Tungamah | 0.09 0.17 0.26 0.40 0.48 0.63 0.72 0.79
Bailey St Tungamah | 0.08 0.12 0.19 0.31 0.38 0.52 0.61 0.68
Unnamed Tungamah | 0.46 0.55 0.66 0.86 1.02 1.12 1.19 1.25
Chinamans Lane Tungamah 0.08 0.16 0.39 0.52 0.63
Boyd St Tungamah | 0.02 0.04 0.08 0.19 0.26 0.41 0.49 0.57
Berndt St Tungamah | 0.01 0.03 0.07 0.16 0.22 0.36 0.44 0.51
May St Tungamah 0.00 0.01 0.13 0.29 0.47
Telford St Tungamah | 0.01 0.03 0.04 0.10 0.17 0.30 0.38 0.44
Middleton St Tungamah 0.00 0.05 0.13 0.18 0.29 0.35 0.42
Burn St Tungamah 0.00 0.05 0.11 0.17 0.28 0.35 0.42
Tungamah Main Rd Tungamah | 0.07 0.12 0.16 0.11 0.13 0.22 0.30 0.38
Barr St Tungamah 0.00 0.02 0.06 0.10 0.22 0.30 0.38
Elvin St Tungamah 0.03 0.10 0.25
Station St Tungamah 0.04 0.10 0.17
Cemetery Rd Katamatite | 0.29 0.41 0.59 0.82 0.99 1.09 1.16 1.23
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Depth of inundation (m) for each AEP (1 in X)

Street Township
10 20 50 100 200 500

Foy St Katamatite | 0.21 0.29 0.40 0.60 0.76 0.86 0.93 0.99
Buddee St Katamatite | 0.08 0.09 0.22 0.44 0.62 0.73 0.83 0.92
Goorang St Katamatite | 0.05 0.10 0.24 0.47 0.64 0.74 0.82 0.88
Waang St Katamatite | 0.10 0.17 0.28 0.48 0.64 0.73 0.81 0.87
Benalla - Tocumwal Rd | Katamatite | 0.24 0.09 0.22 0.44 0.61 0.71 0.78 0.84
Reserve Rd Katamatite | 0.03 0.07 0.19 0.42 0.60 0.70 0.78 0.84
Beek St Katamatite | 0.04 0.05 0.14 0.35 0.52 0.62 0.70 0.76
Hotchin St Katamatite 0.08 0.15 0.22 0.29
Moore St Katamatite 0.02 0.08 0.14 0.19
Chapel Rd Katamatite 0.02 0.06 0.09 0.12 0.16
Y;f;/’gﬁgtae Ly | Katamatte 0.04 | 005 007
Brahe St Katamatite 0.01
Learmont Rd Katamatite 0.01
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5. Flood warning

Currently the Bureau of Meteorology have no formal service level agreement for the Boosey
Creek and only for Nathalia on the Broken Creek, with Nathalia being located approximately

20 km downstream from Numurkah. All communities in the area receive the Bureau of
Meteorology’s Flood Watch and Severe Weather warnings, as well as messaging from VICSES.
While these warnings and messages are important, they are broad.

A flood warning system should provide:

B A means of gathering information about impending floods;
B Communicating that information to those who need it (those at risk); and

B Facilitating an effective and timely response.

Thus, flood warning systems aim to enable and persuade people and organisations to take
timely action to increase personal safety and to reduce the damage caused by flooding. Key to
this for those at risk is:

B The availability of information about flood risk;
B Easy access to relevant and timely real time rainfall and water level data / information; and

B Knowing what needs to be done in the lead up to and during a flood event.

Flood warning systems (and investments in their implementation) that over-emphasise the
collection of input data and / or the production of (highly accurate) flood forecasts relative to the
attention given to other elements, often fail to fully meet the needs of the at-risk communities
they have been set up to serve. Put another way, it is essential that those parts of the flood
warning system that work to build resilience within a community while also increasing warning
lead time are given due emphasis and attention.

Some of the essential building blocks (elements) of a Total Flood Warning System (TFWS) have
been delivered by other outputs from the Boosey and Upper Broken Creeks Regional Flood
Study (i.e. this study). These include:

Updated flood inundation and related mapping’;
Updated Municipal Flood Emergency Plans (MFEPSs);
Indicative flood guidance tools;

Information suitable for inclusion in Local Flood Guides (LFGs).

While only key maps have been included in the MFEP, all mapping delivered by this study (together with
the reports) is expected to be loaded to FloodZoom and to also be available from both GBCMA and
Moira Shire Council. It is further expected that during a flood, GBCMA and Council officers will have
direct access to copies of the original model results in GIS format along with the corresponding reports
through respective agency hosting arrangements.
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This section of the report builds on other study outputs by documenting a flood warning
feasibility assessment for the Boosey and Upper Broken Creeks catchment and more
particularly for the two main townships of Tungamah and Katamatite.

5.1 Estimated effective flood warning time

How quickly a catchment responds to rain and thus how much flood warning time is available
varies significantly for individual flood events as a result of several factors including:

B Storm characteristics - the time distribution of rainfall within a storm and the location of a
storm within a catchment noting also that flooding from intense short duration storms is
likely to develop more quickly than from longer less intense storms;

B Catchment and watercourse antecedent conditions - floods tend to develop quicker on
wetter catchments and generally travel quicker on a “wet” watercourse than on a ‘dry’
watercourse (e.g. the first flood after a dry period will usually develop and travel more
slowly than the second flood in a series of floods due to the filling of off-stream storage and
related factors);

B Size of flood - big floods tend to travel faster than small floods due in part to greater stream
energy.

The flood modelling suggests that the response time? for a major flood at Tungamah and
Katamatite is estimated at around 2 to 5 days.

5.2 The Total Flood Warning System Concept

In 1995 the Australian Emergency Management Institute published a best-practice manual
entitled Flood Warning: an Australian Guide (AEMI, 1995), and in so doing, introduced the
concept of the ‘total flood warning system’ (TFWS). While the original manual has been
updated and republished as Manual 21 of the Australian Disaster Resilience Handbook
Collection (AIDR, 2009), the concepts, practices and key messages from the original manual
endure.

The Victorian Floodplain Management Strategy (VFMS) (DELWP, 2016) also promotes the
TFWS concept and provides clarification on roles and responsibilities for system development
and operation in Victoria.

5.2.1 Total Flood Warning System Building Blocks

An effective flood warning system is made up of several building blocks. Each building block
represents an element of the Total Flood Warning System (TFWS) as show in Figure 5-1.

2 Time between start of heavy rain and the beginning of rise at the location.
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Figure 5-1 Elements of the Total Flood Warning System (source: VFMS, 2016)

Experience shows that flood warning systems that are not designed in an integrated manner
and that over-emphasise one element of the warning system at the expense of others inevitably
fail to elicit appropriate responses within the at-risk community. An appropriately developed and
integrated system considers not only the production of a timely and informative alert® of a
potential flood, but also the efficient dissemination of that alert to those who need to respond in
an appropriate manner, most important of whom are the threatened community. A community
that is informed, flood aware and prepared (i.e. flood resilient) is more likely to receive the full
benefits of a warning system.

It follows that actions to improve flood response and community flood awareness using
technically sound data (such as that produced by this study - Upper Broken and Boosey Creek
Regional Flood Study) will by themselves result in some reduction in flood losses.

5.2.2 Data collection and collation

There is a wide range of equipment that will collect, collate and / or undertake assessments on
rain and / or stream level data and make it available to a single entity or to a group of entities.

There are already several permanent and fully operational telemetered rain and stream gauges
located in or in close proximity to the Boosey and Upper Broken Creeks catchment. A map from
FloodZoom is provided below in Figure 5-2 detailing where the gauges are located.

The rain and streamflow gauges are:

3 An alert may take the form of access to real-time data, an SMS or message via social media from a
credible source, a forecast of expected flood conditions, advice of indicative flood conditions, etc.
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Dookie Agricultural College (81013) — rainfall only

Rain Gauge @ Goorambat (since 2019) — rainfall only
Yarrawonga (81124) — rainfall only

Boosey Creek at Tungamah (404204) — rainfall and streamflow
Boosey Creek at Katamatite (404214) — rainfall and streamflow
School Rd (Broken Ck) (404249) — rainfall and streamflow
Larissa Rd (Broken Ck) (404250) — streamflow

Sellicks Rd (Nine Mile Ck) (404251) — streamflow

Katamatite East (Muckatah Ck) (404714) — streamflow

Naring Hall Rd (Muckatah Ck) (404713) — streamflow
Numurkah (Melville St) (404248) — streamflow
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Figure 5-2 Locality of the key TFWS re

porting gauges in the Boosey and Upper Broken Creeks catchment
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Data is publicly available from the BoM website on a subdaily basis for the Tungamabh,
Katamatite, School Rd, Larissa Rd, Sellicks Road, Katamatite East, nNahring Hall Rd and
Numurkah gauges.

It is suggested that Moira Shire Council:

B Approach BoM (with support from VICSES, GBCMA and DEECA) to request necessary
changes to enable near real-time public access to rain and stream gauges via the BoM
website (e.g. 15 minute data refresh updates).

B BoM have the ability to increase the interval of data reporting, however this needs to
be specifically requested for certain gauges within the catchment area.

B Following a successful approach to the BoM regarding data accessibility and in concert with
VICSES, consider providing guidance to the community (through a locally focussed flood
awareness brochure or similar) on how to access and interpret data from the various rain
and stream gauges together with instruction on the use of that data with the indicative flood
guidance tools developed as part of this study and included in the updated Moira Shire
Flood Emergency Plan. Information about other elements of the flood warning system and
how it will assist in reducing risk could also be included.

If a greater level of confidence in the likelihood of flooding is required, it is suggested that the
Moira Shire Council consider:

B As afirst step, purchase of an ERTS river (or rain-river) gauge and install it upstream of
Wangaratta Road (Location 36°14'52.8S, 145°54'47.2E). As above, the Moira Shire
Council, with support from VICSES, GBCMA and DEECA, would need to approach BoM to
provide near real-time public access to data from the gauge via its website.

B Alternatively, and instead of ERTS equipment, arrange purchase and installation of different
commercially available rain and / or rain-river monitoring equipment* (e.g. such as DipStik®
or a PALS - Portable Automated Logger) in the locations described in the above bullet.

4 A variety of rain and water level monitoring equipment and systems are available commercially. DipStik

is one such example. Another example is telemetered cameras that deliver an image of a gauge board
to software that then extracts the water level and makes it available to users. It is not suggested that
any one system is better than another and should be adopted by the Moira Shire Council. Equipment or
systems should be evaluated by Council and a choice made based on value (e.g. benefit-cost), functional
capability and other relevant factors consistent with prevailing procurement and related guidelines and
considerations. Importantly, while many systems can mimic ERTS data reporting formats, BoM has to
date been reluctant to accept such data into their database for website display and archival.

DipStik will continually monitor rainfall and / or water level for potential flood conditions (i.e. exceedance
of threshold rainfall amounts and intensities and / or rising water levels). When trigger conditions are
met, DipStik sends an SMS alert message, via the mobile phone network, to opted-in recipients. It also
sends messages as water levels fall. DipStik maintains a record of maximum flood heights and rate of
rise of water levels to help with post-event analyses and future flood mitigation planning. Other
functionality including a cloud enabled infrared camera is available. See http:/tuftec.com.au/ and
particularly the joint NRMA, IAG, LG project in NSW and the Cardinia Shire Council project in Victoria.
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B Provide guidance to the local community (through a locally focussed flood awareness
brochure and website) on how to interpret and use available rain and water level data and
the indicative flood guidance tools developed as part of this study and included in the
updated Moira Shire Flood Emergency Plan, along with information about the flood warning
system and how it will assist in reducing risk.

B Decide whether to establish proposed water level gauges to local datum or to AHD.

Importantly when contemplating the installation of new rain and / or river gauges for flood forecast
and warning purposes, current policy on financial contributions and commitments and on
ownership, along with the role of the Regional Water Monitoring Partnerships, must be
considered. The VFMS (DELWP, 2016) is clear that capital costs for new rain or stream gauges
will be shared between the Victorian and Australian governments but that all ongoing
maintenance costs must be met by the local community through the local Council. The BoM’s
national Flood Warning Infrastructure Network (FWIN) Program may result in some changes to
where responsibilities for ongoing funding reside.

The modelling indicates that the installation of a gauge upstream of Wangaratta Road would
give an additional 10 — 18 hours of warning for Tungamah and 22 — 60 hours for Katamatite.

Table 5-1 summarises the gauge level, from the modelling, at the proposed gauge upstream of
Wangaratta Road for each AEP event based on the historic flood frequency. The impact of
climate change may mean AEPs based on past historic events do not represent future AEP
events.

Table 5-1 Gauge levels for AEP events at proposed gauge upstream of Wangaratta Road

AEP (1 in X) based on Proposed gauge upstream of
historic flood frequency / Wangaratta Road - Level

Event (mAHD)

5 131.99

10 132.53

20 132.75

50 133.54

100 133.76

200 134.14

500 134.30

1000 134.42

5.2.3 Flood Detection & Prediction — Indicative Flood Guidance Tools

The indicative flood guidance tools provided in Appendix C8 and C9 of the Moira Shire MFEP
(included here as Figure 5-3) provide some guidance on the likelihood and severity of expected
flooding at Katamatite and Tungamah (Figure 5-3 can also be used in conjunction with the gauge

It is noted that cameras are increasingly being added to local gauges in the US, in Queensland and
elsewhere in order to assist flood warning and keep curious people out of harm’s way. Looking at the
stream and water levels through a camera is much safer than going to the stream bank to look at it.

MSC00001 Boosey and Upper Broken Creeks Regional Flood Study Flood Intelligence v2



Boosey and Upper Broken Creeks Regional Flood Study L ’ A‘ » '
Flood Intelligence Report B _ B ‘; )

level information provided in Table 5-2 and Table 5-3).

The tools can also be used to provide indicative guidance on likely flooding for areas outside of
Katamatite and Tungamah, for example, in the upper catchment towns such as St James, Lake
Rowan, Devenish and Wilby etc. Appendix B has a guide on the use of the quick look tools. Of
note is that the tools may not perform to expectations in severe thunderstorm situations, when
there are locally heavy falls embedded in more general rain and when the catchment is dry. Itis
stressed that the tools are indicative only. They are underpinned by several assumptions and
tend to be (but will not always be) conservative.

It is suggested that the indicative flood guidance tools are adopted by VICSES, local CFA and
Councils for routine use. It is also suggested that the tools and instructions for their use could be
shared with the communities and key community members who have been instructed on its use.

Table 5-2 and Table 5-3 summarises the gauge level at Katamatite and Tungamah for each
AEP event based on the historic flood frequency. The impact of climate change may mean
AEPs based on past historic events do not represent future AEP events.

Table 5-2 Gauge levels for AEP events at Katamatite

AEP (1 in X) Katamatite
based on historic
flood frequency / Level (m) Level (mAHD)
Event
5 2.10 114.96
10 2.28 115.14
20 2.58 115.44
1993 2.74 115.60
50 2.76 115.62
1974 2.93* 115.79
100 2.94 115.81
200 3.10 115.96
2012 3.10 115.96
500 3.26 116.13
1000 3.39 116.25

*Estimated only

Table 5-3 Gauge levels for AEP events at Tungamah

AEP (1in X) Tungamah
based on historic
flood frequency / m M
Event
217 122.13
10 2.33 122.29
20 2.51 122.47
50 2.67 122.63
1993 2.73 122.69
100 2.76 122.72
1974 2.82* 122.78
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AEP (1in X) Tungamah
based on historic
flood frequency / Level (m) Level (mAHD)
Event
200 2.89 122.85
2012 2.89 122.85
500 2.97 122.93
1000 3.05 123.01

*Estimated only

Indicative guidance for likelihood of flooding based on rainfall
This guide providesanindication of the likelihood and severity of flooding based on rainfall. Local rainfall readings from the catchmentupstream should be used if available.
If the catchmentis dry, move down one level. Forexample, if rainfall is on the 1 in 50 AEP curve andthe catchmentis dry, referto the 1 in 20 AEP map.
CAUTION - this tool may over-estimate the likelihood and severity of flooding if the catchmentis dry or rain is steady with no local heavy falls.
160 .
Use rainfall from the
rainfall gauge at
Tungamah (404204) to
140 determine indicative
likelihood and severity
of flooding.
€120
E
= use 1in 100 AEP map
& 100
£
E p—
o 5o [ use 1in 50 AEP map
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s __—”‘——
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Figure 5-3 Indicative Flood Guidance Tool — likelihood of flooding based on rainfall

5.2.3.1 Flood Class Levels

Flood class levels, minor®, moderate” and major® flood (as defined by the BoM) are used to
establish a degree of consistency in the categorisation of floods. In order to assist the flood
warning process and increase awareness of flooding within the community, it is suggested that
the Moria Shire Council give consideration to establishing flood class levels for Tungamah and

Minor Flooding - Causes inconvenience. Low-lying areas next to water courses are inundated. Minor roads may be
closed and low-level bridges submerged. In urban areas inundation may affect some backyards and buildings below
the floor level as well as bicycle and pedestrian paths. In rural areas removal of stock and equipment may be
required.

Moderate Flooding - In addition to minor flooding, the area of inundation is more substantial. Main traffic routes may
be affected. Some buildings may be affected above the floor level. Evacuation of flood affected areas may be
required. In rural areas removal of stock is required

Major Flooding — In addition to moderate flooding, extensive rural areas and/or urban areas are inundated. Many
buildings may be affected above the floor level. Properties and towns are likely to be isolated and major rail and
traffic routes closed. Evacuation of flood affected areas may be required. Utility services may be impacted
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Katamatite. The process would involve coordination between Council, VICSES, GBCMA and
BoM and is relatively straight-forward. Note however that flood class levels can only be
established for locations with a permanent water level gauge. Table 5-4 shows the proposed
flood class levels for Tungamah and Katamatite

Table 5-4 Proposed flood class levels

Recommended AEP Level at AEP | Recommended AEP Level at AEP

Moderate 1in 10 2.33 1in 20 2.58
Major 1in 20 2.51 1in 50 2.76

5.2.4 Message Construction and Dissemination

There are a number of alerting and notification tools, technologies and service providers available,
some of which both alert (make people aware of an imminent hazard) and notify (provide a
warning message). A summary of those that might be suitable has not been included herein as
the approach proposed does not include the construction and / or dissemination of formal warning
messages.

If a flood was to occur soon after delivery of the maps and indicative flood guidance tools arising
from this investigation to the communities, it is likely that for most residents, the initial alert of
likely flooding will be personal (or perhaps from a neighbour within the community) and will come
from a combination of environmental indicators (e.g. observance of heavy rain, local runoff, etc)
and the resident’s consideration of the flood inundation maps in conjunction with the relevant
Appendix of the MFEP. If an alternate commercial monitoring system such as DipStik was
installed, the initial (or confirming) alert may come from the unit's SMS’ed message and / or siren,
as rain and / or stream levels exceeded triggers with the above acting to reinforce and add value
to resident’s assessments and decision processes. Alternatively, and subject to resolution of
VICSES and EMV roles in the initiation and dissemination of flood warnings, the initial alert may
come via electronic and social media.

If a marginally more formal alerting system was deemed appropriate and viable for the
communities, regardless of whether additional permanent rain and water level monitoring
equipment (e.g. ERTS, DipStik, other) was installed, the communities could be encouraged to be
more involved in the TFWS by sharing information about the (likely or actual) on-set of flooding
and to then back this up with information about likely consequences (e.g. from the MFEP and
local knowledge / observations). Social media provides a suitable vehicle. A Twitter and / or
Facebook account could be established for the catchment TFWS. This would require the Moria
Shire Council (in conjunction with VICSES) to champion the formation of a catchment flood action
group (or similar).

Members of the (proposed) flood action group could play a key role in local flood warning
operations and review. In particular, say via the social media group, they could share information
initiated within the community, following application of the indicative flood guidance tools and by
VICSES on likely flood severity, impacts and appropriate actions.

5.2.5 Response
The Moira Shire MFEP Appendices C8 and C9 have been populated for the Boosey and Upper
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Broken catchment as part of the Upper Broken and Boosey Creek Regional Flood Study.
Information in the MFEPs includes available intelligence relating to flooding from the upstream
catchment along with the indicative flood guidance tools provided at Figure 5-3 and Appendix B
of this report. Instructions for use of the quick look tools have also been included in the MFEPs.
Flood inundation extent and depth maps have been added together with a list of areas and roads
likely to be flooded. A table of properties and key infrastructure likely to be flooded along with the
likelihood and depth of over-ground and over-floor flooding at each property (where available) is
also included along with flood information cards for the area.

The availability of this flood intelligence will improve the situational awareness of the emergency
service agencies and the Boosey and Upper Broken catchment communities while also
increasing their potential to respond in a more timely and appropriate manner.

Following (or perhaps in concert with) acceptance of the updated MFEP by the Moira Shire
Council and by VICSES, a program to encourage and assist residents and businesses to develop
individual flood response plans should be developed and delivered. A package that assists
businesses and individuals is available from VICSES and provides an excellent model for
community use.

5.2.6 Community Flood Awareness

Development of Local Flood Guides (LFGs) that draw on the flood intelligence collated to the
Moira MFEP should be completed by VICSES and made available to the Tungamah and
Katamatite communities. LFG development and maintenance is a VICSES responsibility.

Looking further ahead, it is suggested that VICSES, in partnership with the Moira Shire Council,
develop activities and materials for the Boosey and Upper Broken catchment communities that
emphasise personal safety, how available rain and, if available, stream level data can be used,
what any warnings / alerts mean and what individuals can do to stay safe and protect their
property including how to fill and lay sandbags. This should extend to also making relevant parts
of the MFEPs publicly available (e.g. Council offices, library, website, etc). Such investments will
assist in maintaining and renewing flood awareness within the local community.

5.2.7 Funding Opportunities

Opportunities do exist for local government to seek and secure Commonwealth and State funding
to assist with flood warning system set up. Generally, the benefits of establishing the system
need to outweigh costs in order to secure funding support. Regardless of the support received,
operational and ongoing costs currently remain a local government responsibility.

It is suggested that having determined the desired elements of the flood warning system to be
established for the Boosey and Upper Broken catchment communities, Moira Shire Council (with
support from GBCMA and VICSES) should scope and submit an application for funding under the
Commonwealth-State National Partnership Agreement on National Disaster Resilience (i.e. the
Natural Disaster Resilience Grants Scheme — NDRGS) or successor funding programs.
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6. Flood planning

Typically, the 1in 100 (1%) AEP is used for flood planning. The 1in 100 AEP maps are shown
in Appendix A which are a combination of possible storm events with the extents representing
catchment scale storm and flood behaviour. The AEP label is to indicate that AEP event across
the entire catchment.

However, when using the maps for flood planning at a particular location it will be up to the
authorities to use their discretion. Where other information is available, such as a gauge level,
a flood extent or floor level will need to be decided upon using a number of flood extents guided
by the gauge information.

6.1 Climate change

At the time of preparation of the flood extents, a draft update to climate considerations in
ARR2019 was released (Draft update to the climate change considerations chapter in
Australian Rainfall and Runoff: A Guide to Flood Estimation, December 2023). The impact of
climate change was modelled on the basis of the draft guidelines. Since then, a final version of
the climate change guidelines has been published which gives slightly different impacts to those
shown below.

The main potential impact from climate change is still through the adjustment of rainfall depths.
It is recommended that IFD2016 information be adjusted using equation 4 (see below).

Ip=1x(1+a/100)4T (Equation 4) where
Ip is the projected rainfall depth or intensity
a is the rate of change

1 is the design rainfall depth or intensity

AT is the most up-to-date estimate of global (land and ocean) temperature projection for the
design period of interest.

The « values are given in the document, ranging from 15%/°C for a 1 hr and less event and
8%/°C for 24 hrs and above. The median AT values were taken from the draft guideline as a
median value. The long term projection (2081 — 2100) was adopted for an SSP°2-4.5 and
SSP5-8.5. The pathway labelled SSP2-4.5 represents a medium emissions pathway and
SSP5-8.5 a very high emissions pathway. A value of 2.7°C and 4.5°C was adopted for the
SSP2-4.5 and SSP5-8.5 respectively.

The draft update also gives some advice on the treatment of losses. The advice suggests that
losses be increased to reflect dryer catchments. An adjustment is made per degree. The draft

9 Shared Socioeconomic Pathways (SSPs).
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guidelines suggest for the Murray Basin that the initial loss increases by 3.1 %/°C and the
continuing loss by 6.7 %/°C.

In addition to the change in rainfall depths, there is also the potential for climate change to affect
the temporal (Wasko and Sharma, 2015) and spatial (Wasko et al, 2016) distribution of rainfalls.
For temporal patterns the draft guidelines suggest an approach for a sensitivity analysis if it is
believed design flood estimates may be sensitive to small changes in the temporal patterns.
This guidance is given more for shorter duration storms, rather than the long duration storms
considered for this study. The draft guidelines only mention the potential impacts on spatial
patterns without providing specific guidance The impact of climate change on temporal and
spatial patterns have not been explicitly accounted for in these results.

Table 6-1 and

Table 6-2 shows the peak flow in m%/s and ML/d from RORB for the existing and climate change
runs, with the storm focused on the Broken Boosey Creek catchment only.

Of note is that the draft guidelines make mention that the existing rainfalls (i.e. IFD2016) should
be increased to reflect the present climate conditions.

The 1 in 100 AEP maps with climate change, based on an SSP2-4.5 out to 2100 have been
included in 7.

Table 6-1 Summary of modelled peak flow (m®s) estimates from the event centred over the
Broken-Boosey Creek catchment only including modelled flows due to climate change

Peak Flow (m?/s)

AEP (1 Katamatite % Walsh’s Bridge

in X) Adopted Climate Adopted | Climate Change Adopted  Climate Change
(IFD2016) | Change (2081 — (IFD2016) (2081 — 2100 — (IFD2016) (2081 — 2100 —
2100 — SSP-4.5) SSP-4.5) SSP-4.5)

10 19 28 67 63 61 119
20 32 46 103 100 92 166
50 53 74 161 164 152 249
100 72 97 219 225 208 323
200 99 133 287 307 281 421
500 133 177 382 418 382 565
1000 167 223 471 512 484 698
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Table 6-2 Summary of modelled peak flow (ML/d) estimates from the event centred over the

Broken-Boosey Creek catchment including modelled flows due to climate change

Peak Flow (ML/d)

AEP (1 Katamatite Tungamah Walsh’s Bridge
in X) Adopted Climate Adopted Climate Change Adopted Climate
(IFD2016) Change (2081 - (IFD2016 (2081 —2100 — SSP- | (IFD2016) | Change (2081 —
2100 — SSP-4.5) ) 4.5) 2100 — SSP-4.5)
5 860 1,120 3,020 2,850 3,110 6,830
10 1,640 2,420 5,790 5,440 5,270 10,280
20 2,760 3,970 8,900 8,640 7,950 14,340
50 4,580 6,390 13,910 14,170 13,130 21,510
100 6,220 8,380 18,920 19,440 17,970 27,910
200 8,550 11,490 24,800 26,520 24,280 36,370
500 11,490 15,290 33,000 36,120 33,000 48,820
1000 14,430 19,270 40,690 44,240 41,820 60,310
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