S~ .\\
S N
—~——"
| ———]

WATER TECHNOLOGY

WATER, COASTAL & ENVIRONMENTAL CONSULTANTS

&

7

Regional Flood Mappir

Lower Wimmerag Summar
Report(R®)

March 2017

Wimmera CMA



Wimmea CMA

Regional Flood Mappind-ower Wimmera

5 WATER TECHNOLOGY

B WATER, COASTAL & ENVIRONMENTAL CONSULTANTS

o~

5h/!'a9b¢ {¢! ¢! {
Version | Doc type | Reviewed by| Approved by | Distributed to | Date issued
Final Report | Ben Tate Ben Tate Abdul Aziz 10/03/2017
t wWhwo9/ ¢ 59¢! L[ {

Project Name

Regional Flood MappingLower Wimmera

Client

Wimmera CMA

ClientProject Manager

Abdul Aziz

Water Technologyroject Manager | Ben Tate

ReportAuthors Ben Tateand Alison Miller
JobNumber 3795-01
ReportNumber RO5

Document Name

379501 RO5Final_Summary_Report.docx

Cover Photo: Dimboola Weir shortly after January 2011 flobtp://www.mailtimes.com.au/

Copyright

Except where otherwise noted, this document is licensed underGteative Commons
@ Attribution 4.0 LicenseYou are free to reise the information contained within this repor
on the condition that you credit Water Technology as the author. All logos and bran

are excluded from this license.

© Water Technology Pty Ltd

™,

"

.
g A g A
Quality Environment Health & Safety

ISO 9001 IS0 14001  AS 4801

& SAIGLOBAL § SAIGLOBAL § SAIGLOBAL

15 Business Park Drin
Notting Hill WC 3168

Telephone  (03) 85260800

Fax (03) 9558 9365
ACN No. 093 377 283
ABN No. 60 093 377 28%

379501/ RO5Final - 10/03/2017


http://www.mailtimes.com.au/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Wimmera CMA
Regional Flood Mappind-ower Wimmera

i WATER TECHNOLOGY

ER, COASTAL & ENVIRONMENTAL CONSULTANTS

¢! .

1.
2.
3.
4.

4.1
4.2
4.3
4.3.1
4.4
441
4.4.2
4.4.3
4.5
4.6

51
5.2
521
522
5.3
53.1
53.2
54
55
5.6

6.1
6.2
6.2.1
6.2.2
6.2.3
6.3
6.3.1
6.3.2
6.4
6.4.1
6.4.2
6.5

7.1
7.2
7.3

[ Ohth€o b ¢ {
T oo 15 Tox 1 o] o 1S 1
STUAY ATBL.... ettt et e et e e e e e e e e e e e e e e eeeeeeeeeamssnsnnnnannnnnnnnnes 1
ProjeCt CONSUIALION........eviiiiiiiiiiiiiii it ie e e e e e e e e e e e e e e e e e e e e s ameee s 7
Data Collation and REVIEW.............uuiiiiiiiiiiiiiiei e e e e e e e e e e 8
L@ Y= = PP 8
FIOOd Related STUAIES......ccoiiiiiiiiiiiee et e e s 8
HYArologiCal DAtaA.........ccviiiiiiiiiieiic e e e e e e e e e e e e aaeaaeae e 3
SHEAMTIOW. ...t e e e e e e e aee e 8
TopographiC Data/SUINVEY.........cuiiiiiiiiiieeie et eeeees 12
[T 7 PP RUPPPPPPI 12
SUINVEY DALAL.....eeieiiiiieieeeee et 14
Observed peak flood heights and eXtenLS............ccooiiiiiiiiieeeiiiieee e 14
SHTUCTUIES ..ottt e e e e e ettt e e bt e e e e e e e eeeeee bbb e e e e eeeaeeeeennnes 14
S 1( Y 1 | ST EP PRI 15
L 170 [ (0] (o0 Y TP PPPPPPPPPPPPP 16
OVBIVIBW. ...ttt ettt e sttt e e e e e ettt e e e e e ettt e e e e e e s s bbbt e e e e e e saasbbe e e e e e e e annnnbneeaeeeas 16
Wimmera River @ Horsham (Walmer) Streamflow Gauge............ccccccovviviineeeeennnnes 16
Desktop GaUge REVIEM.........cooo i e e e e e e e e e e e e aaaaa e 16
IMpact of MaCKENZIE RIVEL............ooi i a e e e e e e 19
FlOOd FreqUENCY ARIYSIS ... ..coiiiiiiiiiiiee et e e e e 19
PRAK FIOW....ceiiiieeieeee e e e e e e e e e e e e e e e e e e e n e 19
EVENT VOIUMIE.....oeiiiii it e e e e s a e e e e e nnneeees 20
(0= 11T o] 7= 110 o V7T o £ EPPRRI 21
Design FIOW Hydrographs. ........ocuvieiiiieeiie et 21
(L S g = 11T TP 21
[ VL0 L= 10 o TP 22
(@Y= 1SRRI 22
Hydraulic Model SchematiSation..............ueeeieiiiiiiiiiiiiiiecceeeee s 22
2D Grid Size and Topography........cooiiiiiiie e 22
ROUGNNESS ... e e e e e e e e e e 23
2 ToTU T gl F=T VA o] oTo [110] o N PO 23
Hydraulic model CaliDration..............oooiiiiiiiiie e 26
January 2011 Event CaliDration...........oouiieiiiiieeeeiiiieee e 26
September 2010 Event Calibration............ccccccciiiiiiiiiiiiiiieeeeeeeeeeee e, 32
SENSILIVIEY TESTING. ...ttt e e e eeeeeeas 36
ROUGNNESS ...t e e e s e e e e e e 36
THDULANY NIIOWS ... 37
Design Hydraulic MOdelling...........ooo oot 37
Flood Behaviour and Intelligence OULPULS..........oooeiiiiiiiiie e 43
OVEBIVIBW. ...ttt e ettt et e e e e e e e aaaaaaaaaaeeeeeeaaeaasaaaaaaanannnnnnnnsennnnnnnnnnneneeeeeeeees D3
Gauge Height RelationShiPS.......ouvuiiiiieeiie e 43
Summary of FIOOd BENAVIOUL...........cccuuiiiiiiiiiiiiiiieee e 4D

379501/ RO5Final - 10/03/2017 iii



Wimmera CMA = =W WATERTECHNOLOGY

Regional Flood Mappin-g_Ower Wimmera ] B WATER, COASTAL & ENVIRONMENTAL CONSULTANTS

7.4 FIOOA IMPACES.......coiiiieeiee e e e e e e e e e e e aaaaaaaaaaaeas 49
7.5 FIOOA ClaSS LEVEIS.....ccooiiiieeiie e e e 49
8. RECOMMENAALIONS ... e 51

379501/ RO5Final - 10/03/2017 iv



;{

Wimmera CMA == 59 WATER TECHNOLOGY

Regional Flood Mappind-ower Wimmera % WATER, COASTAL & ENVIRONMENTAL CONSULTANTS
[L{¢ hC CLD} wo9{
Figure 21 Catchment Area of the Wimmera RIVEL............ovviiiiiiieeeeeeeee s 3
Figure 22 Lower Wimmera Study Area and Major Tributarie............cccccceeeevviiiiieeneennnn 4
Figure 23 Topography of the Lower Wimmera RIME............coooiiiiiiiieieeeiiieeee e 5
Figure 24 Lower WImMmera STUAY AFCaL.........euviieiiiiiiiieeee et e e e e 6
Figure 41 Streamflow gauge lI0CALIONS. ........ooiiiriiiiiee e 9
Figure 42 Gauge record at Wimmera River at Horsham (Walmer) showing flow and the Thiess
(@ U = 111 Y2 @0 To [PPSR 10
Figure 43 January 2011 hydrograph recorded at the Wimmera River at Horsham (Walmer)
SreamMFlOW QAUGE........ooi e a e 11
Figure 44 Available LIDAR EXIENLS......ccccciiiiiiiiiiiiiiieiiierreeee e e e e e e e e e aaaae e e e e e e e e e e s s e e e s aaaans 13
Figure 51 Wimmera River at Horsham current and previous rating curves..................... 18
Figure 52 Wimmera River at Horsham FFA (LP3 with low flow cémgpor.......................... 20
Figure 61 Example mesh schematisation............ccccociiiiiiiiiiiiiiiiieeeeeee e 23
Figure 62 Hydraulic Model Extent and Inflow Boundary Locatians...................c.cceeeeene 25
Figure 63 Modelled minus observed flood levelslanuary 2011...........ccccccvvvvvvvvvveeeeeeeneenn. 27
Figure 64 Recorded and Modelled Flood Levels at Quantong Gauge..............cccuvveeeenn. 28
Figure 65 Modelled and Gauged hydrographs at U/S of Dimboola and Lochiel Bridge..28
Figure 66 Example comparison between modelled flood esxts and aerial photography at
=T 0= PSP PP PP PPPPPP 29
Figure 67 Areas highlighted by the Antwerp community as too low based on interim flood
mapping presented at the second community meeting........cccccceveeeeeeeeeneennnnn. 31
Figure 68 Modelled minus observed flood levels and modelled flood exteSeptember 2010
......................................................................................................................... 33
Figure 69 Recorded and Modelled Flood LevatQuantong Gauge............ccccceviivvieeennnn. 34

Figure 810  Modelled and Gauged hydrographs at U/S of Dimboola and Lochiel Bridge..34
Figure 611  Comparison btween flood photos and modelled flood extents near Dimboola dh 11
SeptemMber 2010, ... i —————————— 36
Figure 6812  Lower Wimmera River Design Flood Exteritorsham to Duchembegarra........ 39
Figure 6813  Lower Wimmera River Design Flood Exteriaichembegarra to Antwerp......... 40
Figure 614  Lower Wimmera River Design Flood Extepdatwerp to Lakedindmarsh........... 41
Figure 615  Lower Wimmera River PMF Flood EXtent...............cccccooieeii i, 42

[L{¢ hC ¢! .[09{

Table 41 Active strearflow gauges within the study area...........cccccooviiiiieeii i 8
Table 42 Wimmera River at HorsharMaximum recorded annual flows...............cc........ 10
Table 43 Key metadatadr LIDAR dataSeLsS..........uuuuiiiiiiiiiiiiiiiieieeeieeeeeeeeee e eee e 12
Table 51 Wimmera River at Horsham largest recorded peak flows............................... 17
Table 52 Wimmera River at Horsham FFA riésLP3 with low flow censoring)............... 20
Table 53 Wimmera River at Horsham FFA results of seven day volume...................... 21
Table 61 Natimuk Floodnvestigation and adopted RORB model parameters tributary fRavs
Table 71 Wimmera River @ Horsham (Walmer) Gauge Heights for Design Flood. EveA®
Table 72 Wimmera River @ Quantong Gauge Heights for Design Flood Events.......... 44

Table 73 Wimmera River @ U/S Dimboola Gauge Heights for Design Flood Events....44
Table 74 Wimmera River @ Lochiel Bridge Gauge Heights for Design Flood.Events...44

Table 75 Summary of Flood Behaviour for Various Flood Events..............cccoevevcccnnnnnns 46
Table 76 Current Bureau of Meteorology Flood Class Levels and Associated Design Flood Event
from Lower Wimmera Regional Flood Mapping Study............cccccvvveieeeennnnnnne. 50

379501/ RO5Final - 10/03/2017 %






Wimmera CMA = nY) WﬁTERTECHNOLOG\(

Regional Flood Mappind_-ower Wimmera — NVIRONMENTAL CONSULTANTS

1. INTRODUCTION

Water Technology was commissioned by Wimmera CMA to undertake the Lower Wimmera Regional
Flood Investigation.

The overall objective of the study was to develop regional scale flood mapping for the Lower Wimmera
River between Quantong and Lake Hindmarsiis apping will be used to satisfy a range of business
requirements from planning and emergency response to community awareness and insurance. The
study area was extended upstream by Water Technology to the Wimmera River at Horsham (Walmer)
gauge locatiorin order to utilise the long period of record at the gauge as an inflow boundary and link
the mapping to the gauge for flood response purposes.

This reportsummarises all the findings and recommendations from the detailed reports completed
within this prdect. For more detail see th®ata Review Report (R01), Hydrology Report (R02),
Hydraulic Report (RO3and Flood Intelligence Report (R04)

2. STUDY AREA

The Wimmera River originates in the Pyrenees Ranges, near the township of EImhurst, and flows
generallywestward, toward Horsham, and then northwards to Lake Hindmarsh. Downstream of
Glenorchy, the river has very little catchment north of the river as the catchment slopes away from
the river with a number of distributary systems flowing between ancient slmes which are roughly
aligned northsouth. This is clearly shownhigure2-1 and Figure2-3.

The catchment of the Wimmera River upstream of the Horsham (Walmer) streamflow gauge, located
just downstream of Horsham is approximately 4,000 km2. The Mackenzie River catchment which flows
into the Wimmera River immediately downstream of the Horsham (Walmer) streamflow gauge is
approximately 400 km2, with Norton, Sandy and Darragan Creeks having smalleneatslagain.

The Wimmera River catchment downstream of Quantong has limited tributary inflows with the river
flowing between the ancient sand dunes of the Wimm#ftallee. The contributing catchment
downstream of Quantong is approximately 1,500 km?2 but meicthis is likely to be ineffective as a
series of terminal lakes and depressions in the ancient sand dunes store local rainfall.

The Lower Wimmera River study area as showFignre2-4, extends downstream from Horsham to
LakeHindmarsh. It is characterised by a lower gradient than the upper catchment. The study area is
dominated by agricultural land with floodplains of the Wimmera River and its tributaries containing
agricultural assets that are likely to be subject to inungiatduring large rainfall event&/arious
residential areas are at risk also, including properties on the outskirts of Horsham, Quantong,
Dimboola and Jeparit, as well as rural properties at Duchembegarra, Arkona, Antwerp and Tarranyurk.

Rainfall across #h Wimmera Catchment varies considerably, with the upper catchment generally
receiving 506600 mm/year (but increasing to 88800 mm/year at the top of the Grampians), and the
lower catchment generally receiving 3800 mm/year. Months with the highest aage rainfall are
typically June to August. Although the region north of Horsham does experience significant storms
similar to the catchment south of Horsham, the confined nature of the catchment is such that the
runoff generated downstream of Horsham is ohuless and what little runoff is generated is often
through the system well before the upper catchment peak arrives from the Wimmera River and
Mackenzie River.

Historical records indicate that peak flow rates experienced in the lower section of thare/wer

than those in the upstream/middle sections. This is due to attenuation and the presence of
distributary waterways upstream (Swedes Cutting, Dunmunkle Creek and Yarriambiack Creek). These
distributary waterways allow flow to exit the Wimmera Riveatchment, with Swedes Cutting
transferring flow into the Richardson River catchment. The Mackenzie River and other tributaries,

379501/ RO5Final - 10/03/2017 1
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namely Norton, Sandy and Darragan Creeks provide inflow to the Wimmera River downstream of
Horsham as shown iRigure2-2 . Often these tributary inflows peak prior to the Wimmera River,
passing through the system before the Wimmera River peak arrives. The dominant flood causing
mechanism in the lower Wimmera River is the upper Wimmera River catchroedtffows.

There are a number of irrigation channels within the lower Wimmera River catchment, formerly used
for stock and domestic supply. The construction of the Northern Mallee and Wimmera Mallee
Pipelines has superseded these channels and a numlgigréstic water storages. These pipelines
have increased water availability by reducing water losses in the supply system and have also
increased the control of environmental flow releases.

379501/ RO5Final - 10/03/2017 2
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3. PROJECT CONSULTATION

Water Technology and Wimmera CMA held a number of community consultation sessions throughout
the project. The project objectives, available flood imagery eflanuary 2011 event and preliminary
flood mapping for the January 2011 event was presented to the community at an initial round of
community meetings at Quantong and Antwerp. The community provided some photos, anecdotal
information regarding how the flab behaved and what impacts were observed. Several areas were
identified where the community felt the preliminary flood modelling could be improved.

Water Technology considered all the available information provided and responded to the comments,
updating he flood modelling to incorporate the community feedback.

The final round of community meetings presented the design mapping. The mapping received positive
feedback and was accepted by the community who attended the meetings.

In both meetings the mappingias shared via an interactive online map which assisted community
members to zoom in on their area of interest in a google maps style online flood map.

Wimmera CMA produced a video summarising the benefits of the Lower Wimmera Regional Flood
Study and shad this via social medta raise the profile of the project with the communi# number

of stakeholders from Wimmera CMA, Hindmarsh Shire Council, Horsham Rural City Council, VICSES,
Water Technology and community members featured in this video.

All st&keholders mentioned above were communicated with at various stages of the project either
during community meetings, steering committee meetings or via regular technical updates during the
project.
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4, DATA COLLATION ANBE\REW

4.1 Overview

Thedata collgion and reviewundertaken as part of this proje@id documented in detail in the Data
Collation Report (R01). The review discusses previous flood related studies, available streamflow data
and catchment hydrology, topographic information, waterway struesy the January 2011 flood
event, and the proposed modelling approach.

4.2 Flood Related Studies

There have been several previous studies relevant to flooding of the Wimmera River, including:

Bureau of Meteorology (BoM)Wimmera River Basin URBS Model (2004

Water Technology Wimmera River and Yarriambiack Creek Flow Modelling Study (2009)
Water Technologyg Horsham Flood Study (2003)

Water Technology Dimboola Flood Study (2003)

Water Technology Horsham Bypass Hydrologic and Hydraulic Investigatiat8j20

Water Technology East Horsham Channel Decommissioning Hydraulic Assessment (2013)
Water Technology Jeparit Flood Study (2008)

= =4 =4 =4 -8 -8 -9

4.3 Hydrological Data
4.3.1 Streamflow

There are numerous streamflow gauges on the Lower Wimmera River downstream of Horsham. Each
of these gauges is shown Trable4-1, detailing their period of record and maximum flow recorded.
The gauge locations are also showrrigure4-1.

Table4-1 Active streamflow gauges within the study area
Gauge Name Gauge Number| GaugeRecord
Wimmera River at Horsham (Walmer) 415200 1910- Current
Norton Creek at Lower Norton 415273 2008- Current
Wimmera River at Quantong 415261 2009- Current
Wimmera Rier US Dimboola 415256 1989- Current
Wimmera River at Lochiel Railway Bridge | 415246 1987- Current
Wimmera River at Tarranyurk 415247 1987- Current
Wimmera River at Jeparit 415212 May 1998¢ July 1998

379501/ RO5Final - 10/03/2017 8
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Wimmera River at Horsham (Walmer)

The Wimmera River streamflow gauge at Horsham (Walmer) has a long period of record with daily
flow recorded from 1889 to 1910 and daily gauge height from 1910 to 1963, with flolwsmdred

based on a rating curve. There is increased uncertainty in the gauge flows determined prior to 1910.
There areinstantaneous gauge recordings from 1963 to 2015. plusides124 years of complete
annual record for completion of a Flood Frequerfyalysis (FFA). The largest event within the
instantaneous record occurred during January 2011, there were also large events in 1909 and 1894.

Figure4-2 shows the length of gauge record and the recorded Quality CQdelity Cods greater
than 50 should be used with cautiorhéJanuary 2011 event is highlighted.

Wimmera River @ Horsham
» Quality Codes January 2011 em O

ﬂﬂﬂﬂﬂ

Flow (ML/d)

Quality Codes

15000 " ass = o - 150

1910 1920 1930 1540 1950 1960 1970 1980 1990 2000 2010

Year

Figure4-2 Gauge record at Wimmera River at Horsham (Walmer) showing flow and the Thiess
Quiality Codé

Several highldéw events have been recorded by the gauge, the highest recoded flows based on gauge
height and their respective years are show able4-2.

Table4-2 Wimmera River at HorshamMaximum recorded annual flows
Maximum Discharge Maximum Discharge
vear ML/d s vear ML/ ms
2011 32971 382 1996 19,198 222
1983 25,312 293 1912 17,905 207
1981 23,879 276 1960 17,802 206
1988 21,005 243 1942 16,632 193
1974 20,466 237 1964 16,325 189

* Mean daily recording

1 Data downloaded from the DWELP data management system.
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The 1909 and 1894 events had recorded maximum flows of 43,860 and Ml2d9however as
discussed previously there is some uncertainty in these estimates.

The January 2011 hydrograph is clearly the highest recorded evewtirograph of the event is shown
in Figure4-3, along with the recorded Quality Code.

35000 :
Discharge (MI/d)
,,,,,,,, Quality Code

30000
250

25000
200

20000

150

15000

Discharge (ML/d)

apo) Aljeno s:

100
10000

50
5000

1/1/11 6/1/11 11/1/11 16/1/11 21/1/11 26/1/11 31/1/11
Date (day)

Figure4-3 January 2011 hydrograph recorded at the Wimmera River at Horsham (Walmer)
streamflow gauge

Other gauges

In addition to theHorsham Y{Walmei) gauge,other Wimmera Rivestreamflow gauges are located
downstream at Quantong, Dimboola, Lochiel Railway Bridge, Tarranyurk and Jeparit. There is also one
gauge located on Norton Creek at Lovdarton.

The seven gauges within the study area all have different periods of record, some recording water
level and estimating flow, with others only water level. A summary of each gapgevidedbelow:

1 Wimmera River at Horsham (Walmerxcellent pepd of gauge record, some uncertainty in
the gauge ratingrior to this study The gaugevasused aghe primary source of inflows to
the model for calibration and design for the study. The gauge rating cuageswiewed using
a local detailed hydraulic adel.

1 Norton Creek at Lower Nortog No ability to record high flowswith the rating curve
maximum height being exceeded at relatively low flows (six times since 2008). Gauge flows
are unlikely to be used in this studifhe gauge is located in the backetof the Wimmera
River, so the peak at Norton Ck gauge corresponds to when the peak of the Wimmera River
passes.

1 Wimmera River at QuantongWater level gauge only, the gauge record begins in 2009 and
accurately captured the January 2011 event. Theggawasused for calibration omodelled
water leves. This study identified an issue with the gauge zero of the gauging station.

1 Wimmera River US DimbootaBoth flow and water level gauge, has yhars of complete
record since 1989. The gauge recorded January 2011 and October 1996 events. The gauge
wasused forhydraulic modetalibration.

379501/ RO5Final - 10/03/2017 11
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1 Wimmera River at Lochiel Railway Brigg@oth flow and water level gauge, has 23 years of
complete annual record since 1987. The gauge recorded the January 2@ Tctber 1996
events. The gaugeasused forhydraulic modetalibration.

1 Wimmera River at TarranyurkHistorically, both flow and water level gauge. However flow
predictions are limited and not fit for use in this study. The gauge has 23 years oet®emp
water level record since 198The gauge recorded the January 2011 and October 1996 events.
The gauge asused forhydraulic modetalibration.

1 Wimmera River at Jeparg¢ Both flow and water level gauge, however very limited gauge
record with only 2nonths with no high flow events. Gaugas notused.

4.4 Topographic Data/Survey
4.4.1 LIDAR

Four LIDAR datasets veeavailable for the study are&ey metadata for the four datasets is given in
Table4-3 and the extents of the four datase within the Lower Wimmera study area are shown in
Figure4-4.

Table4-3 Key metadata for LIDAR datasets

Dataset Source Date of Vertical accuracy DTM
Capture (1 sigma) resolution

2005 Wimmera CMA Zone 1/ LIDAR Jan 2005 0.15m 2m

2005 Wimmera CMA Zone 2 LIDAR Jan 2005 0.50m 2m

200910ISCRivers LIDAR LiDAR Dec 20090ct 020 m Im

2010

2010-11 Floodplains Stage 2 LiDAR | JutAug 2011 0.10m im

LiDAR

379501/ RO5Final - 10/03/2017 12
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] wcMA Zone 2 LiDAR

Data sources: Water Technology, DELWP VIC, Wimmera CMA
Contains: Vicmap Information @ State of Victoria 2015
Imagery: 2009

Figure4-4 AvailableLiDAR extents

LEGEND
~——— Major Road
~——— Major River
D Study Area
Available LIDAR

ISC Rivers LIiDAR

Floodplains Stage 2
LiDAR

[ wcMA Zone 1 LiDAR

\Jobs\3700-3799\3795_Wimmera_Regional_Mapping\Spatia\ESRI\Mxds\PrelimReport\3795_DataReview_AvailableLiDAR.mxd 29/04/2015
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LiDAR Comparison

A comparisorwas undertaken between the four LIDAR datasets where thelyskgnificant overlap
Additional comparisons were made to available field survey.

The LIDAR comparison sugigesthat the Floodplains LIDAR generally agreeell with the two
WCMA datasets, whereas the Rivers LIDAR appdéahave asystematic vertical offset @¢.1¢0.2m
higher. The survey verification confieah that the Rivers dataset waround0.1m too high.

As the Floodplains LIDAR is the most recently captured and was flown to a higher vertical accuracy,
this dataset vasused as the base tiset. The Floodplains dataset wesmbined with the WCMA
Zone 1 dataset whichage full coverage of the Wimmeraver floodplain.

4.4.2 Survey Data

In addition to the available LIDAR, survey data commissioned during the Jeparit Flood Study (Water
Technology2008)was also available, this included survey of two levees and five river cross sections.

The levees were includeinto the model using dike lines to ensure that the crest elevations were
represented accurately.

The crosssection survey was used to better represent the bathymetry of the river upstream of the
Jeparit Weir. The same process was used at Dimboola W/edptesent the bathymetry of the river
there also.

4.4.3 Observed peak flood heights and extents

Within the study area there are a number of surveyed peak flood heights, and an accurate
representation of the January 2011 flood exteReak flood heights are aMable for the following
events:

9 January 201133 surveyed points spread over the study area extent, reaching as far north as
Arkona

September 201@ 37 surveyed points evenly spread over the entire study extent

1909- 13 surveyed points focused arounéhiboola and Jeparit

1946- 1 surveyed point at Dimboola

1981-4 surveyed points at Dimboola

1983- 1 surveyed poinat Dimboola

=A =4 =4 =4 =9

The January 2011 extent was derived from aerial images, linescan data, ground based photography
and anecdotal evidence. The imfieation is considered the best available but some areas must be
treated with caution.

4.5 Structures
VicRoads

VicRoads provided details of all their structures within the study area, these include:

1 NhilkJeparit Road

1 Western Highway

1 Wimmera Highway

I HorshamNoradjuha Road

The details providedaye structure width, éngth and spans. However they didt provide level
information to Australian Height Datum.
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VicTrack

There are several railway lines within the study area, including the Western SG and Yaapeet Line
There is only one crossing of the Wimmera River on the Western SG Line downstream of Dimboola.

The January 2011 observed extent comes in close proximity to the Western SG line downstream of
Dimboola on the eastern side of the Wimmera River indicatiregpotential for some interaction.

The Wimmera River railway structure was visited by Water Technology during the site assessment and
preliminary measurements were taken.

Weir Structures

There are two major weir structures within the study area; Dimbaoid JeparitBoth weirs were
damaged during the January 2011 flood eventl have since been repaired. As constructed plans of
the weirswere provided by GWMWater and Hindmarsh Shire Council.

4.6 Site Visit

A site visit was undertaken on Frida{ September2014 by Ben Tate, Tim Cooke and Ben Hughes
(Water Technology)rhe length of the Wimmera River from HorshanLakeHindmarsh was driven

to gain an understanding of the general floodplain featuard critical infrastructure that may impact
on flood extens.
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5. HYDROLOGY

5.1 Overview

The hydrological analysis for the lower Wimmera River downstream of Horsham consisted of a review
of the hydrological context of the study area followed by flood frequency analyaisto uncertainty

in gauged peak flow estimatesnd the January 2011 peak flow (personal communication with
Wimmera CMA)a review was undertaken of the rating curve for thémmera River at Horsham
gauge 415200Q.

The lower Wimmera River catchment receives inflows from the Wimmera River and Beektv@rich

flows into the river upstream of the Western Highway at Riverside. Mackenzie River, Norton Creek
and Darragan Creek all flow into the Wimmera River off the southern catchment between Horsham
and Quantong.

Flooding of the lower Wimmera River dostream of Horsham is dominated by incoming flows from

the upper Wimmera River catchment. The East Horsham Flood Intelligence Report (Water Technology,
2013) provides a description of typical flood timing. From the start of intense rainfall to the peak of
flooding in Glenorchy takes approximately 45 to 60 hours. The time between flood peaks between
Glenorchy and Horsham is then between 3 to 4 days. From Horsham to Dimboola the travel time
between peaks is 3 days or more, with another 2 days to Tarrenyurk.

The Mackenzie River peak at Horsham generally arrives well before the Wimmera River peak. An
analysis of streamflow gauge data revealed that the Mackenzie River has peaked between 2.5 and 3.5
days earlier than the Wimmera River at Horsham on all signifitaod events where concurrent

record is available (Sep 1988, Oct 1992, Oct 1996, Sep 2010 and Jan 2011). During those events the
Mackenzie River flows had receded by the time the Wimmera River peak arrived, with Mackenzie River
flows between 200 to 630L/d at the time of the Wimmera River peak flow. These Mackenzie River
flow rates are for the gauge located downstream of the Old Hamilton Road which does not capture
the Bungalally Creek flows which enter Mackenzie River downstream of the gauge. Holeseer t
Bungalally Creek flows are likely to be relatively minor, days after it has peaked.

The smaller tributary flood flows only impact on peak flood levels in the Wimmera River if they occur
concurrently with the Wimmera River. Given the large diffee in catchment size between the
Wimmera River upstream of Horsham and the tributaries downstream of Horsham, the tributaries
generally peak well before the Wimmera River peak arrives at Horsham. The impact of tributary
inflows was assessed through thedngulic modelling.

5.2 Wimmera River @ Horsham (Walmer) Streamflow Gauge
5.2.1 Desktop Gauge Review

Section4.3.1provides a summary of the streamflow gaudye.addition to the available streamflow
record, Abdul Aziz of the Wimmera CMsdurced a number of highly valuable documents from the
Horsham Historical Society and the State archives. These combined with the gauge record allowed us
to recreate a detailed historical record of Wimmera River streamflow at Horshahie5-1.
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Table5-1 Wimmera River at Horsham largest recorded peak flows
Peak Flow

Year Source and comments ML/d m/s
1889 Horsham Flood Study (1979) 21,168 245
1893 Horsham Flood Study (1979) 13,306 154
1894 Significant uncertainty, the DELWP gauge records 44,249 ML/d but is most like

incorrect, adopted flow from Horsham Flood Study (1979) and written gauge b 24,792 287

records (sourced by Abdul Aziz of Wimmera CMA)
1903 Historical soety document showing 1903 having similar level on Firebrace Stre 16.848 195

as 1956, 1960 and 1964, adopted average of the three other flows. !
1906 :slsjtgzlfzal society document showing 1906 having similar level on Firebrace Str 14’342 166
1B | care adopted flow ftam orsham Fiopd Sty (1078) | 38,880 | 450
1910 Horsham Flood Study (1979) 14,515 168
1911 Horsham Flood Study (1979) 20,650 239
1912 Horsham Flod Study (1979) 15,293 177
1915 Horsham Flood Study (1979) 27,648 320
1916 Horsham Flood Study (1979) 23,242 269
1918 Horsham Flood Study (1979) 13,478 156
1920 Horsham Flood Study (1979) 13,306 154
1923 Horsham Flood Study (1979) 25,056 290
1924 Horsham Flood Study (1979) 21,254 246
1936 Horsham Flood Study (1979) 12,355 143
1942 Horsham Flood Study (1979) 14,342 166
1955 Horsham Flood Study (1979) 17,107 198
1956 Horsham Flood Study (1979) 16,416 190
1960 DELWP gauge 17,802 206
1964 DELWP gaeg 16,325 189
1973 DELWP gauge 15,266 177
1974 DELWP gauge 20,466 237
1975 DELWP gauge 15,951 185
1981 DELWP gauge 23,879 276
1983 DELWP gauge 25,312 293
1988 DELWP gauge 21,005 243
1992 DELWP gauge 13,480 156
1996 DELWP gauge 19,198 222
2010 DELWRjauge 11,723 136
2011 Gauging was undertaken at Western Highway at the peak of the event, this is

described in Section 3.5.2. The remainder of Section 3 discusses the peak flo 33,000 382

January 2011, justifying the adopted 33,000 ML/d.

379501/ RO5Final - 10/03/2017

17




Wimmera CMA
Regional Flood Mappind-ower Wimmera

i WATER TECHNOLOGY

R, COASTAL & ENVIRONMENTAL CONSULTANTS

During January 2011, the Wimmera River flowrate was measured at the Western Highway Bxiclge 6
upstream byenti&, the gauging was completed at this location due to the Horsham gauge being too
dangerous fohydrographergo access. The gauge is in a poor timeafor measuring high Wimmera
River flowsandalsolow Wimmera River flows when impacted thye Mackenzie River backwater.

After the January 2011 event the gauged water levels at the Horsham (Walmer) gauge and the
recorded flow at the Western Highay Bridge were used to revise the Wimmera River at Horsham
(Walmer) gauge rating curvéhe previous (v15) and current (v17) rating curves showigare5-1.

The change between the current rating curve and the rating curveerpusr to the January 2011
gauging is significant, especially at high flows. Given the large differences in estimated flow with the
two latest rating curves, a detailed investigation into the rating curve using a hydraulic model was
undertaken anda meetng with Ventia hydrographers was held to discuss the changes. Water
Technology concluded that the gaugings completed by the hydrographers at the Western Highway
bridge and the revised rating curve was suitably verified by the rating curve hydraulic mgaeit

the revised January 2011 flows were adopted for this study. Initial calibration of the January 2011
event concluded that the revised rating curve and adopted January 2011 peak flow did result in a good
preliminary calibration of the hydraulic modaeétween Horsham and Lake Hindmarsh.

125

January 2011 Gauged Water Leve!

1225

Level [m AHD)

122

Raing Table 15.00 ‘

—— Rating Table 17.00

120
100 200 300 400 500

Flow [m3/s)

Figure5-1 Wimmera River at Horsham current and previous rating curves

2Pers. Comm:Ventia (Rebekah Webb)
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5.2.2 Impact of Mackenzie River

The Mackenzie River flows into the Wimmera River appraoglpd km downstream of the Horsham
(Walmer) gauge. There has long been speculation as to the impact of Mackenzie River on the Horsham
gauge. A series of hydraulic model scenarios were run to test the potential impact of Mackenzie River
on Wimmera Riverdw gauging.

The results showed that with a low Wimmera River flow of £G1(864 ML/d) the Mackenzie River

can have a significant impact on the Wimmera River gauge with water levels increasing at the gauge
by 0.37 m with the Mackenzie flow increasing fr@h to 50 ni/s (2,160 to 4,320 ML/d). This
demonstrates that at low Wimmera River flows Mackenzie River can have a significant impact on the
water level in the Wimmera River at the Horsham gauge. At these low Wimmera River flows, an
increase in water leveht the gauge of this magnitude translates to an increase in flow of
approximately 406600 ML/d.

At higher flows, with the Wimmera River at 206/sn(17,280 ML/d), an increase in Mackenzie River
flows from 10 to 100 ris (864 to 8,640 ML/d) results in aater level increase at the Horsham gauge

of 0.19 m. This is a significant increase with respect to the sensitivity of the rating curve on estimated
flow. At high Wimmera River flows an increase in water level of this magnitude translates to an
increase irflow of approximately 4,008,000 ML/d.

As discussed previously in this report the Mackenzie River generally peaks 2.5 to 3.5 days prior to the
peak of the Wimmera River. At the time of the Wimmera River peak flow at Horsham the Mackenzie
River at McKenzi€reek gauge has measured between-830 ML/d of flow over a number of historic

flood events where concurrent gauging was available. These low Mackenzie River flows that generally
occur at the same time as the Wimmera River peak flows are unlikely todmgve=al impact on the

water level at the Horsham (Walmer) gauge and no impact on flood levels back in Horsham.

5.3 Flood Frequency Analysis
5.3.1 Peak Flow

A Flood Frequency Analysis (FFA) was used to determine peak design flows for the range of modelled
design &ents. An annual series was constructed from the available instantaneous flow record, and
historic information sourced by Abdul Aziz. The larger historic peak flows used to construct the annual
series were displayed earlier Trable5-1, this was supplemented with smaller flows from other years.

A complete annual series was constructed from 1889 to 2015. The low flows were filtered using the
Grubbs Beck test, censoring 58 of the 127 years of annual series. It should be notd:thahtal

series used the Wimmera River at Horsham (Walmer) flow data without any adjustment due to the
impact of Mackenzie River backwater. For Wimmera River flood flows it has been demonstrated that
the impact of Mackenzie River on peak water levelfiatgauge is generally quite low. The Mackenzie
River tends to peak 2.5 to 3.5 days earlier than the Wimmera River and at the time of the Wimmera
River peak the Mackenzie River flow tends to be relatively low, justifying the adoption of the Wimmera
River fows unadjusted.

A range of statistical distributions were trialled in Flike including LP3)dogal, Gumbel, GEV, and
Generalised Pareto. The LP3 distribution plotted the best against the historic series, and is shown in
Table5-2 and Figure5-2.
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Table5-2 Wimmera River at Horsham FFA results (LP3 with low flow censoring)
AEP (%) Peak Flow (ML/d) Peak Flow (r#s)
20 13,100 152
10 19,200 222
5 25,000 289
2 31,900 369
1 36,500 423
0.5 40,700 471
0.2 45,400 525

2777

Gauged

Censored

Expected quantile

90% limit

Expected prob quantile

tlloe

2.044 H

1312

0579 |

log10(Peak flow m"3/s)

-0.154 ¥

-0.886

15 2 5 10 20 50 100 200
ARI (years)

Figure5-2 Wimmera River at Horsham FFA (LP3 with low flow censoring)

5.3.2 Event Volume

A flood frequency analysis on event volume wasmpleted following a similar procedure as described
above for peak flow. A number of historic events were analysed and it was found that large flood
events on the Wimmera River at Horsham can last between 6 to 8 days, with flows above 5,000 ML/d.
A 7 day vlume flood frequency analysis was carried out, using an annual series from 1910 to current
and censoring 54 years with low 7 day event volumes. The flood frequency analysis on volume is
shown inTable5-3.

379501/ RO5Final - 10/03/2017 20



Wimmera CMA . == =W WATER TECHNOLOGY
Regional Flood Mappind-ower Wimmera — == WATER, COASTAL & ENVIRONMENTAL CONSULTANTS
Table5-3 Wimmera River at Horsham FFA results of seven day volume
AEP (%) Seven day event volume (ML)

20 53,800

10 85,800

5 110,600

2 132,400

1 142,600

0.5 149,100

0.2 154,200
54 Calibration Events

For hydraulic model didpration the streamflow hydrograph for the Wimmera River at Horsham gauge
was used directly as the inflow boundary to the hydraulic model.

As documented earlier in the report this hydrograph was tested in a preliminary version of the
Horsham to Lake Himdarsh flexible mesh model. Sensitivity of the model to the design flow
hydrograph was also carried out by running a hydrograph with a peak flow approximately 30% higher.
This higher flow resulted in flood levels approximately 300 mm higher upstream obBliandnd only

100 mm higher downstream of Dimboola.

Sensitivity testing with and without tributary inflows was also undertaken for the January 2011 event.
This is documented in Sectifn

5.5 Design Flow Hydrographs

It was recommeded that the January 2011 event be adopted for the Wimmera River design
hydrograph shape. The design hydrographs were adjusted to match the peak design flow estimates
and event volume from flood frequency analysis.

5.6 PMF Estimation

The Probable Maximum Fldo(PMF) is the flow generated from the theoretical maximum
precipitation for a given duration under current climate conditioA$? MFestimate forthe Wimmera

River at Horsham gauge was prepared using the Quick Method of Nathan et al. (1994). This method
was found to produce flow estimates far in excess of what would be expected.

Water Technology investigated an alternative means of developing a PMF flow based on 1% AEP to
PMF ratios from other studies within the Wimmera River catchma&reMF to 1% AEP matf11.2

to 1 was adopted. This ratio was applied to the 1% AEP design hydrograph at Horsham giving a PMF
peak flow of 409,000 ML/d'he design hydrograph for the Wimmera River was scaled up to the PMF
peak flow.
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6. HYDRAULICS

6.1 Overview

A 2dimensional 2D) flexible mesh hydraulic model was developed for the study area using the
industry standard software MIKE21FM (Mike by DHI). Adopting a flexible mesh modelling approach
allowed the hydraulic model to incorporate greater detail in areas of importanb@stimaintaining
computational efficiency through a larger element size in less sensitive regions of the modelled area.
This allows features within the broader floodplain and the river channel to be resolved in varying detail
in the same model whilst maiaining manageable run times.

A flexible mesh approach allows for a detailed representation of the ground surface enabling the
topographic detail to be captured within the hydraulic model. The approach allows for a high
topographic resolution in areas raging enhanced detail such as the river channel and around
hydraulic controls and structures. The resolution in less hydraulically sensitive areas like the wider
floodplain beyond the top of bank can be reduced. Spatially varying the resolution allowsotied

run times to be optimised whilst maintaining element sizes needed to adequately meet the study
requirements in areas of importance.

The MIKE21FM model runs on the computers graphical processing unit (GPU), which allows faster
processing speeds andleganced model run times.

The MIKE21FM GPU model ensures model accuracy as well as computational efficiency, and is well
suited for large scale riverine mapping where detailed channel representation is required embedded
within a wider floodplain.

6.2 HydraulicModel Schematisation
6.2.1 2D Grid Size and Topography

Combining the available survey and LIDAR data, the topographic mesh comprised of triangular and
rectangular elements of varying size. An example of adopted mesh schematisation for this study is
illustratedin Figure6-1.

The mesh resolution along the river was approximatelynt@vith quadrilateral elements aligned
alongthe length of the river. A minimum of 4 elements were digitised across the width of the channel
to ensure that tle mesh representation of the river cross section was appropriate. Schematising less
than 4 elements across the river width would over simplify the river geometry and has the potential
to over represent, or under represent the conveyance and channel cgHdhe river. The mesh was
aligned with roads, channels, levees and any other features within the floodplain that had the
potential to act as a hydraulic barrier to flow. By aligning the mesh with hydraulic features it ensures
that these obstructions télow are accurately represented spatially in the mesh. This is important for
three reasons:

1 It minimises computational error as obstructions are aligned with element faces;

i Elevations are accurately represented as element vertices are aligned with threailos;
and,

9 Any additional structures in the model, including levees, culverts and weirs were digitised
accurately and aligned with the mesh.

Resolution of the mesh was reduced across the floodplain as it extended away from the Wimmera
River towards thedge of the model domain. Along the edge of the model domain the mesh resolution
was reduced to approximately 228%. Whilst the river reaches are represented as quadrilateral
elements aligned with the direction of flow for computational efficiency, ia wider floodplain a
combination of triangular and quadrilateral elements were used to allow the mesh greater freedom
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to align with the additional schematised features. The model mesh can freely interchange from
guadrilaterals to triangles within the sanselution scheme. The modeller has a degree of control over
the element shape and size and alignment to key features, with the model software taking the user
inputs and building the best possible mesh to meet all criteria specified.

Lake Hindmarsh was incled as a receiving waterway and downstream extent of the model.
Schematising Lake Hindmarsh at a coarse resolution of approximatehkr®?2&ized elements
allowed good representation of the storage capacity of the lake without influencing run timés of t
model.

Figure6-1 Example mesh schematisation

6.2.2 Roughness

Due to the relatively homogenous nature of the vegetation and waterway condition along the length

of the Wimmera River from Horsham to Lake Hindsha a consistent representation of hydraulic
roughness was deemed appropriate for this study. Hydraulic roughness was represented within the
KERNI dZ AO Y2RSt dzaAy3d alyyiAydQa WyQed ! Nry3aIS 27
calibration discussedn Sectiorb.4, with a uniform roughness of 0.06 adopted for all events.

6.2.3 Boundary Condition

The lower Wimmera River catchment receives inflows from the Wimmera River and Burnt Creek which
flows into the river upstreanof the Western Highway at Riverside. Mackenzie River, Norton Creek,
Sandy Creekand Darragan Creek all flow into the Wimmera River off the southern catchment between
Horsham and Quantong. These flows were applied to the hydraulic model in the locatiows isho
Figure6-2.
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Horsham (Walmer) Gauge

The accuracy and reliability of the Horsham (Walmer) Gauge at Horsham was discussed at length
earlier in this reportWater Technology and Wimmera CMA accept the most recent rating thtile o
Horsham (Walmer) Gauge to be the best representation of high flows, including the January 2011
flood event. The recorded hydrograph at the Horsham (Walmer) Gauge was used directly as the
upstream inflow boundary to the hydraulic model for the Janu20¥1 flood event.

Tributary Inflows

The Mackenzie River, Norton Cre&andy Creeaind Darragan Creek are the only major waterways
that contribute significant flow to the Wimmera River downstream of Horsham. All of these waterways
enter the river betweerHorsham and Quantong. The smaller tributaries only impact on peak flood
levels in the Wimmera River if their flow occurs concurrently with the Wimmera River. Given the large
difference in catchment size between the Wimmera River upstream of Horsham arndbihiaries
downstream of Horsham, the tributaries generally peak well before the Wimmera River peak arrives
at Horsham.The impact of tributary inflows on Wimmera River water levels was tested by adding
design tributary flows to the hydraulic model.

Appication of appropriate flows deriving from these catchments into the hydraulic model was made
more difficult through the lack of availabland reliable stream gauge datfhe RORB model
developed during the ongoing Horsham and Wartook Valley Flood InatistigWater Technology,

2016) and at the time of this project was yet to be fully calibrated. RORB modelling of the tributaries
used a kc value calculated using a kc to dav ratio based on calibrated RORB modelling undertaken
during the Natimuk Creelload Investigation (Water Technology, 2012yhe Natimuk and Little
Natimuk Creek catchmentsave a similar relief and catchment flood response to the Norton Creek
and Darragan Creek catchments.

The RORB model parametérsm Natimuk and thosadopted forthis study are shown ifable6-1.

Table6-1 Natimuk Flood Investigation and adopted RORB model parameters tributary flows
RORB Parameter Natimuk Flood This Study
Investigation

m 0.8 0.8

Dav Norton Creek 21.29 34.61
Sandy Creek 19.28
Darragan Creek 22.19

kc Norton Creek 26.61 43.20
Sandy Creek 24.10
Darragan Creek 27.70

The RORB modelling for Norton, Sandy and Darragan Creeks used a continuing loss of 4.5 mm/hr for
the historiccalibrationmodelling.An initial loss of 10 mm was used for the initial loss, which was the
lowest of the initial losses used in the calibration events in the Natimuk study. This was applied as a
conservative approach given the lack of obsersedamflow and the uncertainty in the tributary flow
estimation.

The same losses and model parameteesewsed for design modelling purposes. It is noted that the
estimation of losses in this studyas carried out using a rapid assessment. Conservatbaesvere
applied. This is justified as the impact of the tributary flows has been shown to be very small, Section
6.4.2discusses this further.

379501/ RO5Final - 10/03/2017 24



Wimmera CMA WATER TECHNOLOGY

Regional Flood Mappil’}g_OWer Wimmera 2 B WATER, COASTAL & ENVIRONMENTAL CONSULTANTS

NETHERBY/

WARRACKNABEALE

&

GERANGIGERUNG

RIMRINI®,

LEGEND
@ Tributary Inflow
@ Horsham (Walmer) Gauge
@ |ocality
Major Roads
Hydraulic Model Boundary

Data sources
Contains: Vicmap Information © State of Victoria 2016
4 Imagery: 2010

Figure6-2 Hydraulic Model Extat and Inflow Boundary Locations
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6.3 Hydraulic modelcalibration

Two observed floods were used to calibrate the hydraulic model parameters, January 2011 and
September 2010. The January 2011 event was used as the primary calibration event; this was followed
by verification of the calibration using the September 2010 event. Surveyed flood marks (provided by
Wimmera CMA), flood imagery, available gauge levels, and anecdotal evidence were used in the
calibration.

6.3.1 January 2011 Event Calibration
Comparison to Surwed Flood Heights

The hydraulic model calibration for the January 2011 event was based on matching observations of
peak flood heights, gauge data and aerial photography captured during the January 2011 event. 33
surveyed points were available throughoutettstudy area, reaching as far north as Arkona. The
hydraulic model results were compared to the surveyed flood heights to confirm how well the model
was matching observations. Aerial photography captured along the lower Wimmera River on a daily
basis fromthe 18" to the 22" of January also provided a temporal and spatial representation of the
January 2011 flood event and the progression of inundation and the peak inundation.

33 surveyed peak flood heights were recorded by Wimmera CMA post the Januargaiitl A
comparison between the peak hydraulic model water levels and surveyed flood heights showed an
excellent match, with the modelled water levels within 100 mm of the surveyed flood levels at 20 of
the 33 points. A further 10 points showed modellezhg water levels within 200 mm of that surveyed.

The locations of the survey marks with the surveyed and modelled water level comparison is shown
in Figure6-3. The remaining three points with a greater than 200 mm difference betweedelled

and surveyed water levels were located off Three Bridges Road and north of Polkemmet. Overall, the
model performed exceptionally well against the surveyed flood marks recorded for the January 2011
flood event.

Comparison to Water Levé&auges

The modelled water levels were compared to the gauged water levels at the Wimmera River at
Quantong stream gauge (415261). Comparison was made over the duration of the January 2011 event,
as shown irlFigure6-4. The modelling identiéd that the documented gauge datum was likely to be
incorrect by close to 2 m. Once surveyed, this suspicion was confirmed. The official gauge datum at
Quantong should be updated 110.01 m AHD

Two other streamflow gauges on the Wimmera River had aMeileater level data surveyed to

m AHD. The modelled water levels at these gauges were compared against observations. The
modelled peak water level for the January 2011 event was 0.099 m lower than the observed
(96.906m AHD) at Lochiel Bridge. At the Wf®imboola gauge the modelled water level was 0.6086
higher than observed (106.305 m AHD).

The modelled and observed hydrographs are shown belowignre6-5. As shown the modelled
hydrograph reproduces the observed hydrograydry closely at both locations. The start of the
hydrograph is different due to the initial conditions in the model but this does not impact on the model
performance as demonstrated by the close fit later on the rising limb and across the peak of the
hydrograph.

These streamflow gauge levels have less uncertainty associated with their measurement as compared
to the post flood height survey. The closeness of the calibration provides confidence that the model
is accurately representing the January 20bbdl levels.
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Figure6-3 Modelled minus observed flood levels January 2011
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Figure6-5 Modelled and Gauged hydrographs at U/S of Dimboola and Lochiel Bridge

Comparison td~loodimagery

The hydraulic modelwvas compaed flood extentsfrom observed aeriaphotography The aerial
photographywas taken on multiple days as the peak of the January 2011 flood moved north,
downstream along the floodplai¢. KS | R2 LJASR al yyAy3aQa WyQ @l tdsS 27
matched well with the aerial photography across the entire model extents Thillustrated irFigure

6-6. Additional comparisons are provided in the Hydraulic Report (R03).
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Anecdotal Community Observations

During this study, community meetings were held in two locations; Quantong and Antwerp. With
three meetings held in each location. At the time of this reports production two rounds of meetings
hadbeen held. The first round of meetings was held in Quantong and Antwerp on then22 ' of

May, 2015 respectively. The second round was held in Quantong and Antwerp orithad 36" of
March 2016 respectively.

The intent of the first meetings veato introduce the public to the project scope, aims and potential
outcomes, share information to help improve the understanding of flooding between Horsham Weir
and Lake Hindmarsh. The meeting also outlined how the community can play a role ensuring the
project results are the best possible representation of flooding along the Lower Wimmera.

The intent of the second round of meetings was to confirm the hydraulic models calibration to
observations made during the January 2011 event, discuss the draft 1#oddEBxtent and receive
feedback on flood warnings received during January 2011 and potential changes to how the
community was warned and the information that was available to them. During the second round of
meetings the communities in Quantong and Aatw highlighted areas where the modelling matched
community observations well, and others where they felt improvements could be made. At the
meeting the final calibration was yet to be completed with modelling without tributary inflows used
for discussion.

In general, the Quantong community thought the maps matched the community observations very
closely with no areas of concern. The Antwerp community felt the match between modelled and
observed levels was very close at Antwerp but in general it was thidhghmodelled water levels

were too low immediately downstream of Dimboola on the Wimmera River and Datchak Creek, in
particular a dwelling was highlighted that was sandbagged but the model results were not showing
water around the dwelling. The properhighlighted as being sandbagged had a surveyed floor level

of 96.34 m AHD, the modelled January 2011 level was 95.38 m AHD. There is also a building located
to the north of the highlighted dwelling that has a floor level of 951%5&HD, significantly lowei his

building has a modelled flood level of 95.17 m AHD for the January 2011 event. The aerial images of
flooding on the 28, 215 and 229 January 2011 all show water over River Road, extending to the
driveway of the property in question, and the flootpping shows the same. The aerial images clearly
show that the property to the north which has a lower floor level is surrounded by floodwaters to the
east and the south, and appears to have a sandbagged levee constructed around it. It is most likely
thali GKAAa A& (GKS LINRPLISNIe& GKFIG GKS O2YYdzyAideé YSYo
to be effective in the imagery, with floodwaters outflanking it to the south, however the floor level is
well above the flood level. The flood modelling and magpiepresents the flood behaviour in this
region well as compared to the aerial imagery and the surveyed flood levels. Areas highlighted by the
community are shown ifrigure6-7.

There were three surveyed flood heights along DakciCreek for the January 2011 event, and six
located on the Wimmera River upstream of the Dakchak Creek distribution point. Of the surveyed
flood heights along Datchak Creek the greatest disparity between modelled and observed levels was
0.11m. Of the sweyed levels upstream of the Datchak Creek distribution the greatest disparity
between modelled and observed levels was 0123

Additional to January 2011, there were 5 surveyed flood marks for September 2010 available along
Datchak Creek and 4 availaldng the Wimmera River. Along Datckak Creek the largest disparity
between modelled and observed levels was h®@nd along the Wimmera River the largest disparity
was 0.13n.
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Figure6-7 Areas highlightel by the Antwerp community as too low based on interim flood
mapping presented at the second community meeting
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Discussion

Given the close match between the modelled and observed flood heights and aerial photography the
hydraulic model is considered to lbalibrated as close as possible. There are several points which do
not show a good match between modelled and observed flood height, however surveyed points do
not appear to be representative of the peak flood levels. The fact that the modelled levekS at
Dimboola and Lochiel Bridge gauges compare very closely to the peak levels and the shape of the
hydrographs provides confidence in the hydrology and hydraulic model assumptions.

Anecdotal comments from the community on peak flood heights generallxmeat well with the

hydraulic model result. There was one area of concern downstream of Dimboola, however there were
several surveyed peak heights in this area that matched well. A comment made by a member of the
community about the sand bagging of a progyeon River Road north of Dimboola was checked and

it was found that the property highlighted was incorrect, the property to the north was the one that

was sandbagged, and mapping matches the aerial imagery well. Comments made by the community
wereveryg¢f SN f Sod3d aL NBYSYOGSNIAG 6SAy3a gSGAGSNI Ay
or any photographs available. Regardless, these general comments have been used throughout the
calibration in combination with the aerial imagery and surveyed heigghachieve the best calibration

possible.

6.3.2 September 2010 Event Calibration

Comparison to Surveyed Flood Heights

A comparison between the modelled water levels and surveyed flood heights showed a good match
with 12 of the 37 points within 200 mm and @arther 9 points within 200 mm of recorded heights. A
comparison between the surveyed and modelled water level is showigure6-8. The remaining 16
points with discrepancy greater than 200 mm are discussedetail in the Hydrulics Report (R03).

The large number of points with a disparity of greater than 200 between modelled and observed
levels is thought to be a result of the survey quality. There is no bias to the model results being higher
or lower than the surveyed lel®ewith a reasonable spread in the results. The points are described as
GSYIAAYSSNRAY3I LISFa¢ gA0GK pn YY GSNIAOIE | OOdzNY Oe
vertical accuracy of 50 mm but the interpretation of the flood debris marks and fiea#t level is

likely to be far less accurate. A number of the surveyed flood levels are clearly incorrect with regards
to surrounding surveyed levels.

Comparison to Water Level Gauges

The modelled water levels wesgaincompared to the gauged wateg\els at the Wimmera River at
Quantong strearflow gauge (415261As discussed previously for the January 2011 calibration event
comparison, it was found that the Quantong gauge zero was too high, and when adjusted the model
shows a very good match to tlgauged hydrograph.

The modelled water levels at the U/S Dimboola and Lochiel Bridge gauges were compared to the
observed data. The modelled peak water level for the September 2010 event was 0.096 m lower than
the observed (96.43ih AHD) at Lochiel Bridgét the U/S of Dimboola gauge the modelled water
level was 0.009n lower than observed (105.175 m AHD).

The modelled and observed hydrographs are shown belokigare6-9 and Figure6-10. As shown

the modelled hydrograph reproduces the observed hydrograph very closely at both locations. The
start of the hydrograph is different due to the initial conditions adopted in the model, but this does
not impact on the model performance later on the rising limb awdr the peak of the flood event.

These streamflow gauge levels have less uncertainty associated with their measurement as compared
to the post flood height survey. The closeness of the calibration provides confidence that the model
is accurately repreenting the September 2010 flood levels and reinforces the suspicion over the
accuracy of the post flood survey marks.
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Figure6-8 Modelled minus observed flood levels and modelled flood extepSeptember 210
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Figure6-10  Modelled and Gauged hydrographs at U/S of Dimboola and Lochieldggrid

Comparison td~loodimagery

Unlike the January 2011 calibration event, the September 2010 event did not have quality oblique
aerial photographs of the floodplain taken during the event. A number of photos were taken from the
window of an aircraft onhe 11" September 2010 between Quantong and Tarranyurk. The river was
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peaking around Dimboola on the L.bf September, so the comparisons shown belowigure6-11
concentrate on the area upstream and downstream of Dimboola.cBhgparisons demonstrate that
the modelled flood extents replicate the observed flooding in September 2010.

west of Bushby_Lgne, looking north

(=
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Figure6-11  Comparison between flood photos and modelled flood exts near Dimboola on
11" September 2010

Discussion

The September 2010 model calibration was reliant on less information than the January 2011 event.

Of the peak flood height survey points the model generally matched well with some exceptions noted
aboveLy GKS | NBSIFI&a 6KSNBE (GKS {SLIWSYOSNI Hamn Y2RStfS
the model was shown to have good match to the January 2011 event. Further the model replicated

the observed peak levels and hydrograph shape well at the U/Sdoialand Lochiel Bridge gauges,

and the flood extents matched the available flood photography.

Either the model is not performing as well at low flows, localised influences may have caused
discrepancies, or the flood level pegging and post event surveynaiaas accurate for the September

2010 event as the January 2011 event. On the weight of evidence it is likely that the September 2010
flood level pegging and survey was of lower accuracy than the January 2011 survey. The September
2010 event was consided to provide a reasonable verification of the hydraulic model performance.

6.4 Sensitivity Testing

The sensitivity of the hydraulic model to changing hydraulic roughness and to including local tributary
inflows wastested for the January 2011 flood event.

6.4.1 Roughness

¢KS FAYLFf Ke@RNIdzZ AO Y2RSt OFfAONI GAZ2Y dziAf A
LIS Ft22R tS@gSta G2 SFENRFGAZ2ya Ay alyyAy3aQa
values ranging from 0.05 to 0.07. bbtributary inflows were excluded from this analysis.

I alyyAyaQa WyQ 2F nonp @AStRSR LIS {motef &St a 02
increaseA Yy a | Yy ytd §.(H déreasBy viater levels to consistently 100 mm alibeecalibrated

model

as I

R
Yy O

The Hydraulics Report (R03) provides further discussion and figures describing the sensitivity analysis.

The median value of 0.06 was adopted as it fitted very closely with recorded flood marks throughout
the model and presented the best representatioiflood extents compared to the aerial photography
across the whole model extent.

I alyyAy3aQa WyQ @FftdzS 2F nonc Aa O2yaAradSyd oAl
this as an appropriate value for a main channel with weedy winding readbep, pools and shoals.
It is also consistent with light brush and trees on floodplains.
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