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1. Introduction

The Goulburn Broken Catchment Management Authority (GBCMA) commissioned HARC to
undertake the Goulburn and Broken Rivers Flood Study. The study is being undertaken in
conjunction with Venant Solutions.

The objective of this project is to produce flood mapping for the floodplain of the Goulburn River
between Lake Eildon and Loch Garry and for the floodplain of the Broken River between Lake
Nillahcootie and the Goulburn River.

This project forms part of the Victorian Government’s Regional Flood Mapping Program. Outputs
from this study will be used by GBCMA, Local Government Authorities (LGASs) and the Victoria State
Emergency Service (VicSES) to meet a range of business requirements. Uses for the outputs include
definition of flood related controls in municipal planning schemes, development of flood intelligence
products and to inform emergency response planning as well as the preparation of community flood
awareness and education products. Furthermore, outputs will also be used to support the
assessment of flood risk for insurance purposes.

This report documents the hydrological and hydraulic investigations calibration undertaken as part of
the study. This report is a combination of two previously provided separate reports, one on hydrology
the other on the hydraulics. The previous reports were submitted prior to the October 2022 flood.
The October of 2022 flood had a devastating impact on the community, with hundreds of properties
inundated and livelihoods significantly affected. It was agreed with the GBCMA that the 2022 event
should be included as part of the calibration events. Therefore, this report has been updated to
include the October 2022 event.
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2. Project context

2.1 Catchment overview

The Goulburn River is one of the major river systems within the Victorian component of the Murray-
Darling Basin. Excluding the Murray River itself, the Goulburn is Victoria’s largest and longer river.
The headwaters are located in the Victorian Alps near Woods Point and it discharges into the Murray
River at Echuca Village. The river generally flows in north westerly direction through central Victoria.

There are a number of significant tributaries of the Goulburn River, the largest of which is the Broken
River. The Broken River discharges into the Goulburn River at Shepparton, although it should be
noted that significant flow volumes break out of the Broken River between Benalla and Shepparton
and enter the Broken Creek catchment. The catchment area of the Broken River is appropriately
2,550 km?. The total catchment area of the Goulburn River at Shepperton is approximately

16,100 km?,

The Goulburn River catchment contains the 3,300 GL capacity dam at Lake Eildon, which features a
gated spillway capable of passing over 3,000 m%s. Goulburn-Murray Water (GMW) have a detailed
flood operations plan for the dam, which incorporates the ability to surcharge the storage by up to
600 mm to mitigate floods downstream of the dam. This, coupled with the variability in storage level
in the dam, results in the structure having an impact on floods in the Goulburn River particularly areas
close to the dam. Similarly, Goulburn Weir near Nagambie also features a gated spillway whose
operations are likely to influence the passage of relatively frequent floods at Murchison and
Shepparton. The Broken River catchment contains the 40 GL Lake Nillahcootie. Although this
storage has an ungated spillway, it exhibits significant variability in storage levels which can influence
flood magnitude downstream of the dam.

Downstream of Eildon and Nillahcootie, design flood estimates transition from being primarily
influenced by rainfall upstream of the dams (and released through the dam spillways), to being
primarily influenced by rainfall which falls on the residual catchment downstream of the dams.

In general, the upper reaches of the catchment consist of rolling hills whilst the lower portion of the
catchment is substantially flatter. For example, the catchment upstream of Lake Eildon rises from a
level of approximately 250 m AHD at the dam to approximately 1,670 m AHD over a distance of
approximately 60 kilometres at an average slope of 1 in 25. Whereas downstream of Lake Eildon the
catchment falls from approximately 250 m AHD at the dam to approximately 110 m AHD at
Shepparton over a distance of approximately 135 kilometres at an average slope of 1 in 1,000.

The average annual rainfall varies from approximately 1,370 mm/year upstream of Lake Eildon down
to 495 mm/year at Shepparton. The catchment area is shown in Figure 3-1.

2.2 Previous studies

The GBCMA and Department of Energy, Environment and Climate Action (DEECA) provided several
reports to provide background information for this project. The main reports of relevance are listed
below:

7 Benalla Flood Plain Management Study, 1984 (SR & WSC,1984)
i Benalla Floodplain Management Study, 2002 (Cardno, 2002)
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i Broken River Catchment Floods October 1993 Volume 4, 1995 (HydroTechnology, 1995a)
T Lower Goulburn River Flood October 1993 Volume 5, 1995 (HydroTechnology, 1995b)

I Appendix F to Seymour — A Report on Flooding from Goulburn River, Lake Eildon Effect on
Flood Frequencies at Eildon, 1981 (SR & WSC,1981)

1 Seymour Floodplain Mapping Study, 2001 (WBM,2001)

I Shepparton Mooroopna Floodplain Management Study — Floodplain Management Plan — Stage
1 Technical Report, 2002 (SKM, 2002a)

I Shepparton Mooroopna Floodplain Management Study — Floodplain Management Plan — Stage
2 Technical Report, 2002 (SKM, 2002b)

I Shepparton Mooroopna Floodplain Management Study — Floodplain Management Plan —
Executive Summary, 2002 (SKM, 2002c)

T Yea Flood Study, 2005 (Water Technology, 2005)

I Shepparton Mooroopna Flood Mapping and Flood Intelligence Study, 2018 (Water Technology,
2018)

1 Lake Nillahcootie Flood Study — RM2179 Version 1.0 Final, 2008 (Cardo, 2008)

I Goulburn River Constraints Management — Environmental Flow Inundation Modelling and
Mapping, 2016 (Water Technology, 2016)

I Murchison Flood Mapping Study Report, 2014 (Water Technology, 2014)

2.3  Existing flood models

GBCMA provided three existing hydraulic models to aid this study. These models include:
T Goulburn River Environmental Flows Constraints (Water Technology, 2016);
T Murchison Township Flood Mapping Study (Water Technology, 2014); and
i Shepparton-Mooroopna Flood Mapping and Flood Intelligence (Water Technology, 2017).

The Goulburn River Constraints models were developed using TUFLOW GPU by Water Technology
in 2016. The various models extend from Lake Eildon and terminate at Echuca on the Victoria-NSW
border. The purpose of the project was the assessment of environmental flows and as such the
models were not calibrated for large flood events which are the focus of the current study. For
environmental flows assessment the water levels of interest are typically below bank full, therefore
there are no hydraulic structures in the supplied model. However, the model contains an array of
layers of use for this study including land use material layers and bathymetric string lines.

The Murchison flood study is a detailed town study extending approximately 4 km upstream of the
town and terminating approximately 10 km downstream. The model was developed using TUFLOW.
The model includes an array of layers of use for this study including hydraulic structures, land use
material layers and bathymetric string lines.

The Shepparton-Mooroopna model extends from Arcadia to the south on the Goulburn, from Kialla
East on the Broken and covers the Shepparton-Mooroopna area terminating near Loch Garry to the
north. The model was developed as a multi-domain TUFLOW (classic) model with a 10m grid
upstream of Shepparton with a coarser 20m grid adopted downstream of the main populated areas.
Similar to the other studies, the model contains input layers that could be utilised for this study
including land use and structural information.
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3. Hydrologic data review

A review of the available streamflow and rainfall data was undertaken to determine the events to be
used for calibration of the hydrologic model (refer Section 5) and which streamflow gauges to include
in the model verification process (refer Section 7).

3.1 Streamflow gauges

There is numerous streamflow gauges located throughout the Goulburn River and Broken River
catchments. The streamflow gauge stations used in the hydrological investigation are shown in Table
3-1

There were a small number of gauges not used for calibration due to their location in the catchment,
missing data or significant uncertainty associated with the rating curve at high flows. For example, the
gauge, Broken River at Benalla, was not used as it was missing a number of the events that were
used in the model calibration. However, it was referred to for the events that did have data. Broken
River at Nillahcootie was not used, as is, in the RORB model as it records levels only and for
calibration a flow estimate is required. However, for the historic events, flows were estimated
downstream of Nillahcootie using the stage discharge relationship supplied by Goulburn Murray Water
(GMW - refer to Section 4).
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A  Table 3-1 Streamflow data used for calibration and verification

Max

Date of Max

Station Date of Available Max Gauged Max Gauged Recorded Max Recorded Recorded Catchment
Number Data Level (m) Flow (m¥/s) Level (m) Flow (m¥/s) Flow Area (km?)
405204 Goulburn River @ Shepparton 8/06/1921 to date 11.9 1,678 12.1 2,212 May 1974 16,074
405269 Seven Creeks @ Kialla West 28/06/1977 to date 6.7 228 6.7 228 Sep 2010 1505
405246 Castle Creek @ Arcadia 12/12/1973 to date 25 54 25 54 Oct 1993 164
404207 Holland Creek @ Kelfeera 9/05/1960 to date 4.7 346 6.1 700 Oct 1993 450
Broken River @ Lake Nillahcootie Oct 1993
404218 (Head Gauge) 01/05/1967 to date - - 266.46 65 422
404203 Broken River at Benalla 1/5/1955 to date 54 1,249 55 1294 Oct 1993 1,461
Broken River @ Casey's Weir Oct 1993

404242 Combined Elow 01/01/1894 to date 19 197 4.2 1,216 1,916
404224 Broken River @ Gowangardie 20/01/1928 to date 6.6 690 6.6 690 Oct 1993 2,305
404222 Broken River @ Orrvale 23/06/1977 to date 8.4 498 8.4 498 Oct 1993 2,385
405200 Goulburn River @ Murchison 14/06/1881 to date 10.9 1,450 12.5* 4,753* Sep 1975 10,661
405253 Goulburn River @ Goulburn Weir 01/03/1967 to date 10.6 839 - - - 10,630
405202 Goulburn River @ Seymour 19/12/1957 to date 6.5 777 8.3 1780 Oct 2022 8,535
405201 Goulburn River @ Trawool 1/01/1908 to date 7.5 991 7.7 1030 Oct 2022 7,303
405209 Acheron river @ Taggerty 12/12/1945 to date 2.8 95 3.3 207 Oct 2022 545
405212 Sunday Creek @ Tallarook 21/11/1945 to date 4.8 161 55 291 Oct 2022 331
405226 Pranjip Creek @ Moorilim 10/12/1957 to date 4.9 96 6.0 202 Oct 1993 822
405228 | Hughes Creek @ Tarcombe Road 16/09/1958 to date 3.3 100 4.8 540 Oct 2022 478
405240 Sugarloaf Creek @ Ash Bridge 13/10/1966 to date 5.3 412 7.0 836 Oct 2022 609
405274 Home Creek @ Yark 16/06/1977 to date 3.1 188 3.8 462 Dec 2017 187
405241 Rubicon River @ Rubicon 1/05/1922 to date 1.7 76 1.8 100 Sep 2010 129
405209 Acheron River @ Taggerty 19/12/1973 to date 3.1 163 3.3 208 Oct 2022 619
405248 Major Creek @ Graytown 19/04/1971 to date 3.3 52 4.1 250 Oct 1974 291
* This flow is reported to be the 1975 event. It is thought by HARC to be an error and is discussed further in Section 7.3.3
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A Figure 3-1 Gauge location map for the Goulburn River and Broken River catchments
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3.2 Rating curve review

To assist in calibrating and verifying the hydrologic model, rating curve reviews were carried out on
seven of the key gauging stations within the study area. Note, not all of the stream flow gauges within
the catchment were reviewed — only selected key gauges within the domain of the study area two-
dimensional hydraulic model were included. The stream gauges selected for the rating curve review
are shown in Table 3-2.

A  Table 3-2 Selected streamflow gauges for rating curve review

Gauge number Gauge name

405201 Goulburn River at Trawool
405202 Goulburn River at Seymour
405200 Goulburn River at Murchison
405204 Goulburn River at Shepparton
404203 Broken River at Benalla
404216 Broken River at Casey’s Weir
404222 Broken River at Orrvale

To assist in the review of the rating curves, hydraulic models were developed using TUFLOW from
which a depth/height-flow relationship was developed. In total seven individual models were
developed, the extents of each model can be seen in Figure 3-2. The key features of the model
setups were:

I The model extents were approximately 5 km upstream and downstream of the gauge site;
I A grid cell size of 5 metres was adopted;

I Due to the staging of the study, the models were developed using typical industry parameters
and no detailed calibration of the models was undertaken;

I Hydraulic structure losses were determined based on information gathered and documented
above. Losses were based on those from Guide to Bridge Technology Part 8 Hydraulic Design
of Waterway Structures (Austroads, 2018) and applied to the models as layered flow
constrictions;

I For the Goulburn River gauges, the bathymetry from the Goulburn River Environmental Flows
Constraints (WT, 2016) models were used. On the Broken River, due to the lack of bathymetry
for all bar the Benalla gauge the ‘zero gauge’ level published for each gauge was used to set an
approximate bed level within the river;

I The exact locations of the river gauges were found using a combination of DEECA data, aerial
and street imagery as well as site visits;

I The hydraulic model flow output lines were extended across the full floodplain, not just bank-to-

bank;

I Inflow hydrographs were applied as scaled historic floods, for each gauge the largest flood on
record was applied to the model and scaled by 150% to allow for curves to be generated for
greater than recorded floods; and

I Downstream boundaries were applied using the H-Q relationship automatic generated within
TUFLOW - the downstream boundaries were located sufficiently far downstream so as to not
influence the flood levels and flows at the gauge sites.
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In each case, the official rating curve table published on the WMIS website was downloaded. Each of
the gauge’s rating tables were compared to the rating curve produced by the model. Accuracy of the
modelled rating curve when compared to the official values was expected within the confines of the
river, however deviation is expected when the flow spreads to the floodplain due to the difficulties
involved in physically measuring flood discharges. Of note is that a number of the rating curves
changed following the October 2022 event. The hydraulic model review was undertaken prior to the
October 2022 event. Where the rating curve has been updated a comment has been added.
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