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EXECUTIVE SUMMARY

The Shepparton-Mooroopna 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:

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

p>

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

b

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.

b2

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.

b

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 Greater Shepparton City Council
Flood Emergency Plan: A Sub-Plan 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, Mooroopna
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.
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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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List of Gauges

1 Goulburn River at Loch Garry

2 Goulburn River at Shepparton

3 Broken River at Orrvale

4 Broken River at Gowangardie
, 5 Seven Creeks at Kialla West

6 Castle Creek at Arcadia

7 Pranjip Creek at Moorilim

8 Goulburn River at Murchison

*

GrahamvalejRd
] [ g

A Streamflow Gauge |

Modelling Extent
- Mapping Extent
—— Rail Line
Major Road
Upstream Routing |
1% AEP Flood

~——J Data sources: GSCC, GBCMA, DELWP
Contains: Vicmap Information © State of Victoria
Imagery: 2013

M:\Jobs\2300-2399\2360_Shepparton_Flood_Mapping'gis\esri\project_fies\Mapping\Report_Fig_A4_Study_Area_map.mxd 06/06/2013

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 assist in 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

3.2.1 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 Period of record Additional
data since
2002 study
Broken River at Benalla 404203 1,461 18861 1961 (partial)* 2002-now
Oct 1977 to current
Broken River at 404216 1,924 February 1888 to June 1916. | 2002 - now
(Goorambat)Headwater Gauge July 1979 to current
Broken River at 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 404222 2,508 June 1977 to current 2002 - now
Goulburn River at Goulburn Weir 405253 10,627 March 1967 to October 1985 | N/A

Greater Shepparton City Council | 01 March 2019
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Period of record

Additional
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

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.

Peak Design Flow Estimates

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

Goulburn Broken River Broken River Seven Creeks | Goulburn
River at at Ca s ey at Benalla at Euroa River at
Murchison Weir Shepparton

Period for FFA 1956-1999, 1916 | 1889-1999 1955-1999, 1956-1999, 1921-1999, 1916
(€] 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 85,600@ 25,8000 180,000

1% 134,000 66,900 106,000@ 34,000® 219,000

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

0.2% 192,000 103,000 161,000 56,300 336,000

(1) 1956-1999 chosen for FFA as it is period after construction of Big Eildon dam.
(2) Estimate adopted from calibrated rainfall-runoff modelling by Willing and Partners (1998) study instead of FFA.
(3) Estimate adopted from calibrated rainfall-runoff modelling by SKM (1997) 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:

A Light detection and ranging (LIDAR) data

A Pipe Drainage Networks

A Survey Cross sections

A Photogrammetry

A Feature survey of Shepparton Mooroopna Causeway

A 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&5mDEM 2007 +0.10m

Index of Stream Condition (ISC) 1 m DEM 2011 +0.15m
Floodplain Set | 1 m DEM 2011 +0.10m

Think Spatial UAV 1m DEM 2013 +0.15m

VicMap Elevation 20 m DEM

Geoscience Australia 1 Second DEM

Greater Shepparton City Council | 01 March 2019
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Figure 3-2 shows the extent of available DEMs used in the hydraulic modelling.

The 5 m/1 m Fugro Spatial Systems (FSS) data containedmany gaps Gvithiththé DEM] Taese were
removed (using 12d terrain software) by creating a Triangulated Irregular Network (TIN) across the surrounding
data points and exporting as a new DEM.

A comparison of the Floodplain (FP) and FSS datasets was undertaken in ARCGIS for a location where there
was overlap. Both datasets had the same 1 m grid resolution. Very little elevation difference was observed
where the two datasets overlapped, with the differences mostly present in channels and water bodies as well
as variations in crop development. An example of the comparison in DEMs is shown in Figure 3-3. Areas of
river channel, dense vegetation and crops showed elevated surface levels in the FP LIDAR compared to the
FSS LiDAR, which indicated that the FSS LIiDAR may be closer to the true ground level in these locations.
Therefore, the FSS LIDAR was used in preference to the FP LIiDAR where there was overlap.

The Index of Stream Condition (ISC) data follows the alignment of major waterways butd oes ndt ext end
onto the floodplain. This data set was found to be the most consistent with the feature survey of the causeway,
whereas the FSS LIDAR data set was found to be lower than the feature survey. This is demonstrated by the
analysis of the feature survey along the Shepparton Mooroopna Causeway shown in Figure 3-1 and

summarised in Table 3-4.

The ISC LiDAR is on average 0.2 cm lower than the feature survey and the FSS LiDAR is on average 7.8 cm
lower. For this reason, the ISC LIDAR data set was chosen as the basis for the final model topography and
the other data sets were adjusted to match. Several checks were carried out along the interface of the different
datasets and following this analysis it was decided to raise the FSS and FP LiDAR datasets by 10 cm to ensure
a smooth transition between the different data sets. The final composition of the LiDAR used in the topography
is shown in Figure 3-4.

LiDAR Datasets and Survey Comparison for Shepparton Mooroopna Causeway
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FIGURE 3-1 SURVEY AND LIDAR ELEVATION COMPARISON ALONG SHEPPARTON-MOOROOPNA
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TABLE 3-4 SURVEY AND LIDAR ELEVATION DIFFERENCES FOR SHEPPARTON MOOROOPNA CAUSEWAY

Chainage | ISC 1 m FSS1m Chainage | ISC1m FSS1m

(m) Difference (cm) Difference (cm) (m) Difference (cm) Difference (cm)

0 1.7 -5.2 1146 5.8 -11

59 -0.7 -11.0 1253 8.6 -11

101 49 -9.3 1354 -1.3 -7.0

166 3.8 -9.7 1457 3.9 -7.5

212 2.9 -3.7 1560 0.5 -5.4

252 -15.1 -21.1 1805 -0.6 -3.1

387 1.9 -6.6 1913 -2.1 -6.2

456 2.7 -6.8 2009 -4.8 -8.2

584 0.8 -10.0 2125 -5.0 -11.7

718 -4.3 -14.0 2238 -2.6 -6.5

764 0.7 -9.6 2526 0.5 -10.2

940 2.8 -3.1 2623 0.4 -6.0

987 0.3 -8.2 2731 0.1 -5.9

1051 -0.8 -6.9 3039 -11.8 -14.5
Mean -0.2 -7.8

Greater Shepparton City Council | 01 March 2019
Shepparton Mooroopna Flood Mapping and Flood Intelligence Study Page 16



|
AN

WATER TECHNOLOGY

——— WATER, COASTAL & ENVIRONMENTAL CONSULTANTS

_ | Mapping Extent

! D Modelling Extent
[ lisc 1imDbEm

[ Flood Plain 1m DEM

[ ]Fss 1mDEM

[ Think Spatial 1m DEM

Report_Fig_A4_Lidar_Coverage_map.mxd 26 June 2014
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FIGURE 3-4 DEMS USED IN HYDRAULIC MODEL TOPOGRAPHY
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3.3.2 Stormwater Drainage

Details of the underground drainage network are important for the establishment of the hydraulic model and
identification of flood related drainage issues. It should be noted however that this study was not intended to
consider the entire stormwater system. The study focussed on larger riverine flood events and included pipes
greater than 600 mm in diameter, as identified within the GSCC GIS database. Other smaller pipes were
included in areas where it was thought that they may be important in conveying floodwaters from the river to
low lying areas that would be otherwise disconnected. Council was consulted on the pipes and pits that were
to be included in the hydraulic modelling and approved the selection.

Greater Shepparton City Council supplied their drainage network layout for Shepparton and Mooroopna. The
network was received in an ESRI shapefile format of the pipes and pits.

The shapefiles indicated conduit/pit locations and conduit sizes for constructed pipes. The shapefile drainage
network consisted of 8,091 conduits of which 8,078 had recorded diameters and 3,055 had recorded inverts.
The drainage network is shown in Figure 3-6.

In addition to the underground pipe network, several major culverts, siphons and bridges were incorporated
into the hydraulic model, Figure 3-7. Existing survey of the Shepparton-Mooroopna Causeway was available
from earlier studies, with several hardcopy plans also made available from VicRoads, VicTrack and GMW.

3.3.3 Feature Survey

Two sets of feature survey were made available for this study, the survey of the Shepparton Mooroopna
Causeway and the survey of the strategic levees downstream of Shepparton on the Goulburn River. The
survey of the causeway was used to verify the LIDAR data as mentioned in Section 3.3.1. The survey of the
levees was stamped onto the hydraulic model topography as thin break lines in the TUFLOW model
topography. The location of the feature survey is shown in Figure 3-8.

Although the feature survey defined crest elevation for the causeway, the waterway openings were not defined.
The Goulburn Broken CMA took photos and sketched up dimensions of all the waterway openings so that they
could be well defined within the hydraulic model. The sketch provided for Daintons Bridge over the Goulburn
River is shown in Figure 3-5. This is the main bridge crossing the Goulburn River, which was modelled as a
1D structure within the 1D Goulburn River Channel network. The remaining waterway openings were modelled
as 2D structures, applying form losses, blockage from piers and the bridge deck and rails.

379

FIGURE 3-5 DAINTONS BRIDGE SKETCH PROVIDED BY GOULBURN BROKEN CMA
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3.34 Irrigation Channels

The Goulburn Broken CMA provided ESRI shapefiles of the irrigation network. The data showed the location
of channels and is shown in Figure 3-8. The irrigation channel banks form hydraulic barriers across the
floodplain and were stamped onto the topography as thin break lines in the TUFLOW hydraulic model. The
irrigation channel banks were digitised using the irrigation channel network shapefiles, refined using the 1 m
LiDAR datasets.

Very limited information other than the alignment of these irrigation and drain features was available other than
that extracted from LiDAR information. Some feature survey was available for small sections of channel bank
and was included.

3.35 Aerial Photos and Observed Flood Extents

Aerial photos of the 1974 and 1993 flood events were received from Goulburn Broken CMA as well as digitised
flood extents generated from the photos. Aerial photos for the 2010 flood event were sourced from NearMap
and flood extents were digitised from this photography. The flood extents and photos were used to validate
the hydraulic model for the calibration events. It should be noted that these images do not necessarily represent
the peak of the flood event, with the 1993 image taken 2 days after the flood peak.

A recent aerial photo from 14t December 2013 was used for mapping purposes as a background image. This
image was supplied by the Goulburn Broken CMA.

3.3.6 Observed Flood Levels and Floor Levels

The Goulburn Broken CMA provided flood levels from the Victorian Flood Database (VFD) which contain levels
for a range of events including the 1974, 1993 and 2010 events. These levels were used to calibrate the
hydraulic model. Figure 3-9 shows the available observed levels for the three calibration events.

3.3.7 Waterway survey

State Rivers and Water Supply Commission (SRWC) survey was used to define the channel invert within the
waterway. This survey was undertaken for the 1982 Shepparton Mooroopna Flood Study undertaken by
Sinclair Knight and Partners (SKP).
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FIGURE 3-6 SHEPPARTON-MOOROOPNA STORMWATER PIPE SYSTEM
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FIGURE 3-7 SHEPPARTON-MOOROOPNA CULVERTS, SIPHONS AND BRIDGES
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FIGURE 3-8 SHEPPARTON-MOOROOPNA IRRIGATION CHANNELS AND FEATURE SURVEY
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FIGURE 3-9 SHEPPARTON-MOOROOPNA OBSERVED FLOOD LEVELS
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4 HYDROLOGY

4.1 Overview

Shepparton and Mooroopna are located on the floodplain of the Goulburn River, Broken River and Seven
Creeks. The total catchment area of the Goulburn River at Shepparton is approximately 16,000 km? (2,525
km2 in the Broken River catchment, 1,510 km? in the Seven Creeks/Honeysuckle Creek catchment, 800 km?
in the Pranjip Creek catchment and 280 kmZ2 on the Castle Creek catchment). Given the size of the combined
catchment of the Goulburn River upstream of Shepparton and the significance of Lake Eildon in the upper
catchment, it was considered impractical to develop a single hydrological model of the area. Any model of the
whole area would require numerous assumptions about design considerations and may not make the best use
of available streamflow information. Furthermore, breakout flows are likely to occur in the Broken River and
Seven Creeks catchments because of the extremely flat floodplain, making calibration of a hydrological model
impractical. This was demonstrated in earlier hydrological studies of the Seven Creeks catchment. Given the
uncertainties regarding an appropriate spatial and temporal distribution of design rainfall over such a large and
varying catchment, not to mention drawdown considerations of Lake Eildon, it is considered more practical
and a more efficient approach to update the methodology adopted in the SKM (2002) study, which used Flood
Frequency Analysis of the long period of gauge records.

The hydrology approach adopted by SKM (2002) was robust but was improved and updated to take advantage
of:

A Additional data from rainfall and streamflow events between 2002 and present day;
A New technigues and research undertaken as part of the revision of Australian Rainfall and Runoff; and,
A

Inclusion of outputs from studies completed since 2002.

More specifically the hydrology approach outlined in the study was similar to SKM (2002) with the following
updates and enhancements:

A The historical flow series used in flood frequency analysis was updated to include events up to 2012,
including the large event in September 2010;

A Flood frequency analysis used updated procedures as outlined in the revised edition of Australian Rainfall
and Runoff for fitting design distributions.

A Streamflow gauge ratings were reviewed, with the most appropriate streamflow data utilised:;

A Additional routing was carried out within hydraulic models from established gauge locations to the
township model boundary to aid in adopting time lags between upstream gauges and model inflow
boundaries;

A Specific modelling of major breakouts from the Broken River to the Broken Creek catchment was
completed for a range of events; and,

A Recent flood events and available hydrodynamic modelling of the Goulburn was utilised to inform timing

of coincident flows for design purposes.

The following sections summarise the hydrological analysis that was undertaken as part of this project, building
on the review of previous work undertaken in the SKM (2002) study.

Based on the availability of flood data (aerial imagery, survey and anecdotal evidence), the October 1993,
September 2010 and May 1974 events have been used to calibrate the hydraulic model. There is an emphasis
on these events in the following discussion around hydrology.
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4.2 Rating Curve Review

42.1 Overview

Streamflow data was collated for all relevant gauges in the catchment from the Water Information Management
System (http://data.water.vic.gov.au/monitoring.htm), and directly from DELWP. The data was compared, and
it was found that the two datasets had significant discrepancies in the instantaneous peak flows and average
daily computed flow. Upon further analysis, a similar trend was observed across most gauges assessed. It
was identified that this discrepancy was due to recent rating curve revisions, some of which had been applied
back over the entire gauge period. To illustrate this, the 1916 peak flow was revised for the Goulburn River at
Murchison gauge from 195,000 ML/d to 311,000 ML/d, close to a 60% increase in the peak flow. If this flow
increase was adopted it would mean that the revised 1% AEP flow would be larger than the previous 0.2%
AEP flow, dramatically changing design flood levels and influencing planning decisions. As the Goulburn River
at Murchison gauge was used to produce the upstream model inflows on the Goulburn River, it was decided
to undertake a thorough review of the rating curve using a detailed hydraulic model of Murchison.

4.2.2 Recent Changes to the Rating Curves

DELWP supplied rating curves along with instantaneous and daily mean streamflow records for all relevant
gauges requested. Figure 4-1 below compares rating curves at different time periods (1974, 1993, 2010 and
current) for all relevant gauges.

All the rating curves have experienced significant change over the past 40 years. Of interest was the Goulburn
River at Murchison rating curve. Although the rating curve has not experienced much change in the high flow
section of the rating curve since 1974, when comparing previously accepted estimates of the largest historic
flood events to flows estimated using the recent rating curves, major discrepancies were identified.

4.2.3 Goulburn River at Murchison

The rating curve review and update of the Goulburn River at Murchison gauge is fully detailed in the Murchison
Flood Mapping Study Report (Water Technology, 2014) and is summarised below.

The Murchison gauge has operated since 1887 and has a significant number of gaugings (610) that have

made up the current rating curve (rating table number 73.00). The current rating curve is considered reliable

up to a relative gauge height of 11.6 m or 184,000 ML/d. The highest gauging used to construct the rating

curve was taken in 1974 at a relative gauge height of 10.915 m and approximately 100,000 ML/d, so even
within the &éreliabled section of ibonhEhe @ting suewe hashbmene has
extrapolated out to a gauge height of 12.4 m or 360,000 ML/d.

The need to complete a full rating curve review became apparent when comparing the previously accepted
flow estimates of the largest of the historic flood events with flows estimated using the extrapolated section of
the current rating curve. The previously accepted flow estimate for the 1916 flood was 195,000 ML/d at
Murchison. Using the current rating curve, the 1916 flow is estimated at 311,000 ML/d. This increase in the
flow of the 1916 event and other large events would have a significant impact on flood frequency analysis and
design flood flows if adopted. This revised flow for 1916 did not correspond with other regional flow estimates
on the Goulburn River, i.e. it was significantly larger than upstream and downstream gauge readings,
warranting further investigation.
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