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EXECUTIVE SUMMARY

The Shepparton-Moorcopna Flood Mapping and Flood Intelligence Study provides a technical review and
update to the previous flood study (SKM, 2002). This work is considered an improvement on the previous flood
study for the following reasons:

= Technological advancements in topographic data capture (LIDAR) better representing the floodplain,
including roads, levees, channel banks, new development, etc, improving the flood mapping.

®m  Flood modelling software has advanced significantly since the previous study, again improving the flood
mapping outputs.

®m  An improved understanding of the timing of tributary flows and how breakouts from the Goulburn River,
Broken River and Seven Creeks interact around the Goulburn Main Channel.

m  The advancements in the modelling of this study is demonstrated through the excellent calibration
achieved over the range of flood events modelled, (1974, 1993 and 2010). The calibration was informed
by a large amount of observed historical flood data including aerial flood photography, surveyed flood
levels, and recorded streamflow gauges.

®m  The hydrology and hydraulic model calibration were reviewed by an independent technical review panel
appointed by the Department of Environment, Land, Water and Planning, providing confidence that the
methods adopted were appropriate.

The study has produced an improved set of flood maps for a range of Goulburn River at Shepparton gauge
height increments between 9.5 m and 12.5 m. The flood level at Shepparton is influenced by flood flows from
the Goulburn River, Broken River and Seven Creeks, with flood mapping outputs produced for a Goulburn
River dominant, Broken River / Seven Creeks dominant, and neutral flood scenarios. A gauge height level of
12.2 m at the Goulburn River at Shepparton gauge was determined to be equivalent to a 1% AEP flood event,
and for design flood mapping purposes, all three tributary dominance scenarios were combined, taking the
maximum of the three scenarios. When compared to the previous 1% AEP flood mapping, the new 1% AEP
flood mapping shows a very similar extent across the floodplain, with the area of inundation reduced through
Kialla West and Mooroopna due to the inclusion of more detailed representation of channel banks and roads
which impact on the flood behaviour in those areas. The new 1% AEP flood mapping has therefore reduced
the area of flood prone land in the Shepparton, Mooroopna and surrounding area.

The flood mapping has been formatted into Victoria Flood Database format and uploaded to Flood Zoom so
the data is available for emergency services to use during a flood event. The flood mapping has been carefully
examined to provide improved flood intelligence on areas inundated and flood impacts during the range of
flood scenarios modelled. This information has been used to update the Greafter Shepparton City Council
Flood Emergency Plan: A Sub-Flan of the Municipal Emergency Management Plan. This Plan is used by
emergency services personal and Council staff to guide emergency response actions. The Total Flood
Warning System was reviewed, and several clear recommendations were made to further strengthen the
system.

To ensure that the outcomes from this study directly benefited the communities of Shepparton, Mocroopna
and surrounding areas, the flood mapping data was made available through an online flood mapping portal
which can be accessed via www.floodreport.com.au. This portal allows individuals to visualise the flood
mapping online for a range of flood events, and to click on any property within the study area and download a
property specific flood report. The flood report provides flood information specific to that property along with a
flood preparedness table which links the Goulburn River at Shepparton gauge height to a flood level and depth
above or below floor level at that property. This allows residents to better understand their personal flood risk.
The service replaces an outdated and no longer supported system that was previously hosted by Council.
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The study has made several recommendations for Greater Shepparton City Council, Goulburn Broken CMA
and Victoria State Emergency Services to consider. These recommendations are generally actions designed
to make the most of the new flood mapping and flood intelligence generated by this study, and to further
strengthen the existing Total Flood Warning System.

Water Technology would like to thank our project partners, HydroLogic and Michael Cawood and Associates
for their role in delivering this study. Water Technology would like to specifically acknowledge the contributions
of Guy Tierney of Goulburn Broken CMA and Greg McKenzie of Greater Shepparton City Council in the

completion of this study, and their ongoing commitment to reducing flood risk in the Shepparton, Mooroopna
and surrounding areas.
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1 INTRODUCTION

Water Technology was commissioned by the Greater Shepparton City Council to undertake the Shepparton
Mooroopna Flood Mapping and Intelligence Project. This study was a review and technical update to the
previous flood study (SKM, 2002). This study involved detailed hydrological and hydraulic modelling of the
Goulburn River, Seven Creeks and the Broken River, flood mapping and collation of flood intelligence
information. The main outcome of the study was to produce improved flood mapping information for use in
sharing flood intelligence for the Shepparton Mooroopna area with multiple stakeholders and the community.
The study has produced an online flood mapping portal to allow community members easy access to flood
information, see www .floodreport.com.au.

As part of the initial scoping work, the data required for modelling and mapping was collated and reviewed.
The hydrology approach adopted for this study utilised the extensive streamflow gauge network, using flood
frequency analysis, past studies and past flood events to derive hydrographs for input into the hydraulic model.
A hydraulic model was developed using TUFLOW software and was calibrated to the large flood event of
October 1993 and the smaller September 2010 flood event, with validation to the May 1974 flood event.

Greater Shepparton City Council | 16 August 2018
Shepparton Mooroopna Flood Mapping and Flood Intelligence Study Page 9

Agenda - Ordinary Council Meeting — 18 September 2018 - 586 -



Attachment 1 Draft Shepparton Mooroopna Flood Mapping and Flood Intelligence Final Report
August 2018

NS WATER TECHNOLOGY
ﬁ WATER, COASTAL & ENVIRONMENTAL CONSULTANTS

2 STUDY AREA

Shepparton and Mooroopna are situated on the Goulburn River at the confluence with the Broken River and
Seven Creeks. The study area in the tender documentation extended upstream of Shepparton to Toolamba
and downstream of Shepparton to Loch Garry on the Goulburn River, upstream of Shepparton to Kialla East
on the Broken River and upstream of Shepparton to Kialla West on Seven Creeks.

To model the Goulburn River, Broken River and Seven Creeks system, coarse hydraulic models were
extended upstream to suitable boundary locations, Murchison on the Goulburn River, Gowangardie on the
Broken River and upstream of Kialla West on the Seven Creeks. These coarse models allowed flows to be
developed at these gauging stations and routed downstream to the detailed hydraulic model area surrounding
the urban area of Shepparton and Mooroopna, see Figure 2-1. The larger model area was separated into three
separate hydraulic models. The upstream coarse models study the routing between the upstream gauges and
Shepparton, and on the Broken River allow a better understanding of breakout flows leaving the river between
Gowangardie and Shepparton. A higher resolution model of the flood mapping area extended from about 2.5
km upstream of East Goulburn Main Channel on the Broken River, 2 km upstream of the East Goulburn Main
Channel on Honeysuckle/lrish Creeks, upstream of Union Road on Seven Creeks, and upstream of Bridge
Road on the Goulburn River down to Loch Garry on the Goulburn River.

The hydrology of the system was considered across an even wider area, with many gauges outside the
extended study area analysed.
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FIGURE 2-1 STUDY AREA EXTENT, REVISED MODEL AREA AND GAUGE LOCATIONS
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3 DATA REVIEW AND ASSESSMENT

3.1 Overview

A large amount of information was available within the study area and broader catchment to assistin this study.
A significant amount of hydrological data was collated and analysed along with many different topographical
datasets. Shepparton and Mooroopna have a long history of flooding so many historical accounts of flooding
and observed data was collated. Information from Goulburn Broken Catchment Management Authority
(GBCMA), Greater Shepparton City Council (GSCC), the Department of Environment Land Water and
Planning (DELWP), hydrographers (Ventia), Goulburn Murray Water (GMW) and VicRoads was collated. The
Shepparton Mooroopna Floodplain Management Study by Sinclair Knight & Merz (SKM, 2002) was a major
study that considered the issues of flooding in the study area, and as such was reviewed in detail.

3.2 Hydrological Data

3.21 Streamflow Data

Streamflow data is required for the hydrological analysis. The details of the streamflow gauging stations used
in this analysis are listed in Table 3-1. These streamflow gauging details include the period of continuous
streamflow record for each gauge. The continuous period of record is the period of systematic recording of
streamflow via a daily read staff gauge or a continuous recorder. For some streamflow gauges, records are
available during flood events only. Streamflow data records have been sourced from the DELWP water data
portal.

Rating tables for the various stream gauges within the catchment were provided by Goulburn Broken CMA,
DELWP and Ventia. During the calibration stage of the project it was found that recent changes to rating tables
applied back over the entire record of data at some gauge sites has significantly changed the peak flow record
for some historic flood events. This has a significantly large impact on the results of any flood frequency
analysis and resultant design flows for this study. As such this is discussed in detail in Section 4.2.

TABLE 3-1 STREAMFLOW GAUGE DETAILS

Station Name Station Period of record Additional
No. data since
2002 study
Broken River at Benalla 404203 1,461 1886 — 1961 (partial)™ 2002-now
Oct 1977 to current
Broken River at Casey’s Weir 404216 1,924 February 1888 to June 1916. | 2002 - now
(Goorambat)Headwater Gauge July 1979 to current
Broken River at Casey’s Weir 404200 1,924 July 1916 to June 1979 N/A
(Goorambat) Tailwater Gauge
Broken River at Gowangardie 404224 2,396 January 1978 to July 1985 Not used in
August 1991 to current SKM study
Broken River at Orrvale 4042272 2,508 June 1977 to current 2002 - now
Goulburn River at Goulburn Weir 405253 10,627 March 1967 to October 1985 | N/A
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Station Name Station Period of record Additional
No. data since
2002 study
Goulburn River at Murchison 405200 10,772 June 1881 to March 1967 2002 - now
November 1984 to current

Goulburn River at Kialla West 405270 12,038 June 1977 to August 1985 N/A
Goulburn River at Shepparton 405204 16,125 June 1921 to current 2002 - now
Goulburn River at Loch Garry 405276 16,490 Feb-1978 to current 2002 - now
Seven Creeks at Euroa Township | 405237 332 May 1963 to current 2002 - now
Seven Creeks at Kialla West 405269 1,505 June 1977 to current 2002 - now
Pranjip Creek at Moorilim 405226 787 December 1957 to current Not used in
SKM study
Castle Creek at Arcadia 405246 164 June 1970 to current Not used in
SKM study

* note that the rating curve for Benalla pre-1970 is no longer valid due to construction of the lake

3.2.2 Peak Design Flow Estimates

The SKM (2002) study undertook a detailed flood frequency analysis for many gauges on the Goulburn and
Broken Rivers. This analysis is provided below in Table 3-2. Note that for some sites the adopted design flows
were from a combination of methods and unless otherwise indicated, estimates were from flood frequency
analysis over the gauge period.

TABLE 3-2 SKM (2002) ADOPTED DESIGN PEAK FLOW ESTIMATES (ML/D)

Goulburn Broken River Broken River Seven Creeks | Goulburn
River at at Casey’s at Benalla at Euroa River at
Murchison Weir Shepparton

Period for FFA | 1956-1999 1916 | 1889-1999 1955-1999, 1956-1999, 1921-1999, 1916
i 1916, 1921 1916, 1921

20% 51,900 23,300 30,900 11,800 73,400

10% 68,400 31,400 45,500 16,200 102,000

5% 87,000 40,500 61,600 20,200 137,000

2% 114,000 54,500 85,6002 25,8001 180,000

1% 134,000 66,900 106,000 34,0008 219,000

0.5% 158,000 81,200 128,000 42,900% 261,000

0.2% 192,000 103,000 161,000 56,3003 336,000

(1) 1956-1999 chosen for FFA as it is ;}erfod after construction of Big Eildon dam.
{2} Estimale adopted from calibrated rainfall-runoff modelliing by Willing and Partners (1998) study instead of FFA.
(3} Estimate adopted from calibrated rainfali-runoff modelling by SKM (1897) study instead of FFA.
The SKM (2002) study used several regression equations to transpose the peak design flows from the above-

mentioned gauges to the boundaries of their study area. As volume is just as important as peak flow in large
flat floodplains, the frequency analysis and transposition was repeated for five day volumes.
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3.2.3 Design Flow Hydrographs

To determine a design hydrograph, the SKM (2002) study scaled historic hydrographs to represent the design
peak flow and 5 day volume. The 1974 hydrograph was adopted for the Goulburn River and the 1993
hydrographs for the Broken River and Seven Creeks.

The timing of the three major contributing catchments has a large impact on the resulting flood at Shepparton.
The SKM (2002) study found that the peak flow of Seven Creeks at Kialla West generally occurs between 6-
24 hours earlier than the Broken River at Orrvale, the study adopted the median 15 hour time offset for the
peak flow for design purposes. The relative timing of the Goulburn and Broken River flood peaks was also
investigated, however a lack of data hindered this assessment. A lag time of 33 hours was assumed between
Goulburn Weir and Kialla West and 30 hours between Murchison and Kialla West. It was estimated that the
peak flow in the Goulburn at Kialla West occurred approximately 15 hours after the peak flow on the Broken
River at Orrvale for the 1974 event, with a 60 hour lag in the 1993 event. This longer lag in 1993 was attributed
to the impact of Eildon attenuating the flood in the upper catchment, with the lower catchment having a smaller
contribution to the Goulburn flows. For design purposes the 15 hour time lag from the 1974 event was adopted.
Several design flood scenarios were developed using various combinations of Goulburn River, Broken River
and Seven Creeks flows for a given design event at the Shepparton gauge. A similar approach in adopting
appropriate timing for design events for the current investigation is discussed in more detail in Section 4.4.2
with timing tested in the hydraulic model to assess the sensitivity on flood levels shown in Section 6.1.

3.3 Topographic and Physical Survey

Several sources of topographic/survey data were obtained to prepare the hydraulic model. Most of the data
was provided by GBCMA and GSCC. These include:

= Light detection and ranging (LIDAR) data
Pipe Drainage Networks
®m  Survey Cross sections
Photogrammetry
m  Feature survey of Shepparton Mooroopna Causeway

= Feature survey of strategic levees downstream of Shepparton

3.3.1 LIDAR Data

LIDAR data for the region was made available by Goulburn Broken CMA and DELWP. A summary of available
digital elevation model (DEM) data sets is summarised below in Table 3-3.

TABLE 3-3 AVAILABLE DIGITAL ELEVATION MODEL DATA SETS

DEM Data Set ‘ Resolution ‘ Year Flown | Vertical Accuracy
Fugro Spatial Systems (FSS) 1m&5m DEM 2007 +0.10m

. Index of Stream Condition (ISC) 1m DEM 2011 - +0.15m
Floodplain Set | 1 m DEM 2011 +0.10m
Think Spatial UAV 1m DEM 2013 +0.15m

I VicMap Elevation 20 m DEM .
Geoscience Australia 1 Second DEM
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