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1 INTRODUCTION
This report documents the technical investigations undertaken as part of the Murray River
Regional Flood Study.

The Murray River Regional Flood Study is an investigation of flood behawsgint(depth,
extent, velocity)and risk for an area along the Murray River fridme Dicks/Seppelts Levee
Spillway to downstream of Ulupna Island. The study area includes the towns of Cobram,
Barooga and Tocumwadtigurel-1 shows the widy area for the Murray River Regional Flood
Study.

Key components of the study include:
- Topographic survey: defines floodplain terrain
- Hydrologic analysis: determines frequency and magnitude of flood flows
- Hydraulic analysis: assesses flood behaviour
- Fbod mapping: prepares mapping for flobeight,extent and depth
- Flood response planning: prepares flood response plans for relevant agencie

- Land use planning: provide flood behaviour information determination of flood
related planning requirements

- Performance of existing mitigation schemassesseshe level of service thatre
currently provided by the mitigation schemes

- Structural nitigation measure assessment: identifies possihlégation measures

The studywasundertaken by a study team Ilday Water Technology on behalf the Goulburn
Broken Catchment ManagemenAuthority (GBCMA), Moira Shire Council (MSC) and
Berrigan Shire Council (BSC).

The study was funded under the Natural Disaster Risk Management Studies Programme by
the Australian Victorian and New South Wale&overnments with contributiosifrom the

Moira and Berrigan Shire§he study provides a foundatiofor co-ordinated floodplain
management along the Murray River between the various stakeholder agencies.

The study team was led DByvater Technology with subonsultants Michael Cawood and
Associatesand LICSsgbsequentlypart of Sinclair Knight Méz) providing specialist input.

The structure of this report is as follows:

Section2 ¢ provides a description of key waterway and floodplain features
Section3 ¢ reviews available data

Section 4 describes the community consultation process

Section5 ¢ outlinesapproach and outcomes from theydrologic analysis

Section6 ¢ discussesthe hydraulic analysi®r the existing conditions

= 4 4 A4 -4 -2

Section 7¢ outlines the existing performance dftructural mitigation measures and
potential structuralmitigation augmentation
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1 Section8¢ details a range of nostructural mitigation measures

1 Section9¢ summarises the key conclusmand recommendations
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2 STUDYAREA-EATURES

The study area contains the first extensive floodplain reach along the Murray River
downstream of AlburyThe study area has experienced numerous floods since European
settlement, with majoreventsoccurring inl870, 1917, 19311956, 19741975 and 1993.

Immediately downstream of Yarrawonga, the floodplain is relatively confined. The area

I R2F OSy il G2 5A01Qa fSOSS bhetveeh sagdrhifisaaidss thist 2 6 S NJ
section, significant flow breaksut from the riveronce the channel capacity is exceeded

These floodplain flows, under natural floodplain conditigrese likely to extent tothe south

and west in vicinity of Stratherton. This extensive pattern of flooding walsservedduring

the 1917flood event.

During themtptp S@OSyis SEGSYyaArAgdsS alyRol3IIAy3I 61 a |
overflow (RWCYV et. al. 1986As part ofsubsequentflood mitigation works for Cobram,
Dick3leveewas raised and reinforced.

Considerable irrigation infrastructure (channelsdadrains) have been constructed across
the Victorian floodplain since themcpn n Qa3 ® ¢ KA & A Y FNIF & i NHzO G dzNB
behaviour across the floodplain.

An extensiverural levee system flanks the Victorian floodplain from Cobram to Yielima, a
distance of somes1km (RWCYV et. al. 198khown as the Public Wosls S LI NI YSYy G at 2
levee Recent flood mitigation works adjacent to Cobram have raised and strerghba

levee known as the Cobram town leve@&hs raised levee provides flood protecticior
Cobramand was designed to protect the town from a 100 year ARgnitude flood

including 600nm freeboardd 52 gy AU NBFY 2F (GKS [/ 20NIY 26y
(Public Works Department) provides a lower level of protection to the rural floodplain. The

PWD levees were first constructed in 1895 (RWCV et. al. 1986). The leveebeeave
breached and renstated following major events in 1916, 1917, 1956 and 1975 (RWCV et. al.
1986). During the 1978ood, major levee breaches occurred at Brentnalls, Dix@®&sd, and

Cleaves. In recent times, the GBCMA basngthered the PWD levees ah number of
locationsthat were identified as major priorities from a levee audit in 1996 (CMPS&F). This
included locations of major levee breaches that occurredhm 1975flood and a 8 km

length of levee from th&Cobramtown levee to Greens Lane at Koonoomddne protection

offered by the PWD levee varies aloitgjlength. Any breakouts at Dixons Bend flow along
Sheepwash Creek to 4ein the Murray Rivervia Ulupna Creelon the southern side of

Ulupna Island

I R2l OSy {levee a natira o Boodplain section occurs on the New South Wales
side at Seppelts levee. This levee marks the upstream end of the Barooga Cowal Depression.
TheBarooga Cowal Depressiflows generally parallel to the current Masr Rver course.
Effluent flows from the river along thBarooga Cowal Depressioan give rise to flooding in
Barooga and Tocumwal.

Along the New South Waleside, the Barooga levee between Barooga and Tocumwal
provides protectiorto both rural areas andto Tocumwal. Thigs a substantideveeand is up

to 4m in height. The Tocumwal town levee consist several levee segmentxtending
from the golf course to downstream of the road bridgand was designed tprotect the
town from a 100 year ARbagnitudeflood including 600nm freeboard.

J150/R02November 201 1Final 10
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Around Ulupna Island, a Idn long levee provides varying degrees of flood protection.
Generally, the protection is lower than the PWD levee sections, with overtogparag
occurredin the 1974 and 1975 events.

Downstream of Tocumwal on the New South WAlssrth side of the river two significant
effluent flow pathsleave the Murray, Tuppal and Bullatale Creeks. Extensive private and
public levees have been constructedthis area that influence the distribution of overbank
flows.

Figure2-1shows thekeystudy aredeatures

J150/R02November 201 1Final 10
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3 AVAILABLENFORMATION

3.1 Previous Studies

An extensive flood study and flood mapping investigation jointly undertaken by Rural Water
Commissionof Victoria and the Water Resources Commission of New South Wales was
completed in 1986. This investigai considered the Murray River from Lake Humdhe
South Australian border. The investigation collated historical flood information, assessed
flood magnitude and prepared indicative 100 ye&RIflood maps. Thdlood maps largely
utilised observed floodkvels and profiles with an additional buffer.

This previous investigation provided valualaled extensive backgroundformation and
descriptionsof floodingfor the current study.

GBCMA providedavorking files from the Rural Water Commission of Victociantainng
details of numerous flood level investigat®ior locations throughout the study area.

These resources have been reviewed and drawn upon as necessary to provide background,
context and verification of the current study approach and outcomes.

3.2 Hydrologicdata

There are two key lonrterm streamflow gauging stations relevance to the studygs listed
in Table3-1.

Table3-1 Details of Strearflow Galges

Gauge . Catchment Area
Number Station Name (km?) Data Type Length Of Record
Murray River @ Mean Daily Flows 2/1/1938 -
Yarrawonga 30/11/1960
409025 27,300 : :
(Downstream Of Daily Maximum 1/12/1960-
Weir) Instantaneous 1/12/2004
" " Mean Daily Flows Sﬁgig%
409202 | Murray Rivei@ 29,008 : :
Tocumwal Daily Maximum 10/12/1974¢
Instantaneous 1/12/2005

A detailed discussion of the available streamflow data is provided in Sécflon

3.3 Topographc data

3.3.1 Overview

Therewere two major sources of topographic information gathered during the course of the
investigation, these being:

- Aerial LaseBcannindALS)
- Field Survey

Following the collection and processing of the topographic information, a ddt&ligital
Terrain Model (DTM) was developed as the basis for the establishment of a hydraulic model

J150/R02Novenber 2011 Final Page7



fid

B WATER TECHNOLOGY

\ JNMENTAL CONSULTANTS

Murray River Regional Flood Study

of the study area. The sources of the topographic information are discussed in more detail
below.

3.3.2 AerialLaser Scanning

The main source of topographic anfnation utilised in the development of the hydraulic
model was the topographic survey data collected for the Murray Darling Basin Commission
using the Light Detection and Ranging (LIDAR) airborne remote sensing tecliaispe
known as Aerial Laser Scamyj ALS)This technique allows for the collection détailed
topographic data over large areas. The raw LIDAR daamaverage spacing of 2w for

points on the ground, witla vertical accuracy of 0.18 Root Mean Square Error (RMSE) and
horizontal a&curacy of 1.0n RMSE. The raw LIiDAR data was processed and interpolated
onto 1m and 10m cell gridsOverall,the digital elevation model developed from the LIDAR
data provided excellent topographic detail of the study area from which to base the
hydraulc model.

3.3.3 Field Survey

Extensive field survey wasdertakenby Sinclair Knight Merz (foerly LICS). The field
survey component included:

- Structure survey (arrangement, type, number, inverts & photographs) fiphans
and subwaysTotal: 56 syphongsubway structure.

- Opportunistic elevation survey for channel banks at road crossings (particularly
Channel 1 and 2)

- Opportunistic elevation survey for drain banks at road crossings (particularly Drain 3
and 5)

- Structure survey (arrangement, type, number, irtve& photographs) for
culverts/bridges along Goulburn Valley Highway between Murray Valley Higlvday
the Murray River. We understand there are 6 culvert/bridge structures along the
Goulburn Valley Highway in above section.

- Structure survey (arrangementtype, number, invert & photographs) for
culverts/bridges along TocumwalStrathmerton Railway between Strathmerton and
the Murray RiverTotal: 12culverts

Appendix Acontains general arrangements drawing of the field survey undertaken in this
study.

J150/R02Novenber 2011 Final Paged
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4 CONSULTATION

4.1 Overview
During the study, consultations undertaken focused around the followimgroups:

1 Key personnet Goulburn Broken CMAerrigan shire and Moira Shire
1 Technical teering committee

Further details of the consultation are providedtire following sections

4.2 Key personnet; Goulburn Broken CMA, Berrigan Shire and Moira Shire

Throughout the course of the study, regular progress updatese provided to Goulburn
Broken CMABerrigan Shire and Moira Shiva telephone discussions, emadlsd informal
meetings.

Draft study repors and flood mapping outputs &re reviewed by Goulburn Broken CMA,
Berrigan Shire and Moira Shire.

In addition, a presentation was made to the Berrigan Shire Council on 30 November 2006.

4.3 Technicakteering committee

The technical steering committee comprised of officers from the Goulburn Broken CMA,
Berrigan Shire, Moira Shire, Department of Sustainability and Environment (DSE),
Department of Environment, climate change and Water (DECCW), Victorian State Emergency
Sevice (VICSE®ew South Wales State Emergency Service (NSVESESpulburn Murray

Water (GMW) Also, a number of local landholders, with particular experience of flood
events, were part of the technical steering committee.

Four meetings with the techoal steering committee were conducted. Bus tourof the
study area was undertaken in conjunction with the second meeting. A number of local
landholders provided commentary on the nature of flooding during the 1975 and 1993
events.

J150/R02Novenber 2011 Final Page9



fid

597 WATER TECHNOLOGY

&% ENVIRONMENTAL CONSULTANTS

Murray River Regional Flood Study

5 HYDROLOGKNALYS

5.1 Background

This section documents the hydrologic analysis undertaken as part of the Murray River
Regional Flood Study. The key aim of the hydrologic analysis is the determination of design
flood hydrographs for input to the hydraulic analysis. The prjmiaput (inflow) point for the
hydraulic analysis is upstream of the study area, the Murray River at Yarrawonga. As such
the hydrologic analysis focuden design flood hydrograph estimatiat Yarrawonga. For

this study, estimates of the design flooddmggraphs for 1 in 10 year to 1 BOO yearARI
events are provided.

The observed flood behaviour indlstudy area is dependent on flood characteristics such as
peak flow, flood volume and duratiofi.e. hydrograph shapeHistory suggests thaidod
events with similar peak flows but different flood volumes and durati@as result in
significantlydifferent flood behaviour. Hence consideration of peak flows, flood volumes and
durations is an important aspect of the hydrologic analysis.

The contribuing catchment for the Murray River to Yarrawonga is approximately
27,300km® The catchment area can be broken into three -sablchments, the Upper
Murray River (above Lake Hume), the Kiewa River and the Ovens River. Flood flows in the
study area can arisieom varied contributions from these three sudatchments.

Two general approaches were considered for the determination of the design flood
hydrographs:

- Rainfall based approaches
- Streamflow based approaches (flood frequency analy<ta

Rainfall basedpproaches utilise historical and/or design rainfall with a runoff routing model
(e.g. RORB) to yield estimates of flood flows (flood hydrog)afain a range of magnitudes
(ARIs) The use of this approach requires assumptions to be made about the tetrgouta
spatial variation of rainfall input to the runoff routing modéhe contributing catchment to
the study area is largdhencethe assignment of appropriate rainfall temporal and spatial
patterns can be difficult and would be accompanied with a higigree of uncertainty.
Subsequentlythe suitability of the rainfall based approach is limited for this application.

Streamflow based approaches analyse available streamflow data to assess flood
characteristics (peak flow and volumé).streamflow basedapproach raks on the length

and reliability of observed streamflow dath this approachwe assess the individual flood
characteristics (peak flow and volumes) separately and combine these individual
characteristics to yield design flood hydrographs.reliable sreamflow record length of
around 100 yearsis available within the study area, thus facilitatimgpd providing some
confidence irthe use of streamflow based approacHes this study

Australian Rainfall and Runoff (ARR) (IEAust 1999)de®wa methodology for the derivation

of flood hydrographs from frequency analyses of peak flow and flood volume. This
methodology is underpinned by the assumption that a design flood hydrograph for a given
ARIhas a peak flow and flood volume with the saARI.

The key components of the ARR methodology are sumnthaisdollows:

- Peak flow frequency analysis: evaluates the frequency and magnitude of peak flows.
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- Flood volume frequency analysis: evaluates the frequency and magnitude of flood
volumes.

- Flood eent rank comparison: assesses the relative rank of peak flows and flood
volumes from selected historical events.

- Peak flowg flood volume ratio: determines the peak flow to flood volume ratios from
selected historical and design flood events.

- Historical fbod hydrograph selection: examines historical flood hydrographs with
peak flow ¢ volume ratios similar to the design flood events and selects
representative historical flood hydrographs suitable for use as design flood
hydrographs.

- Design flood hydrograpiscaling: determines design flood hydrographs by scaling
representative historical flood hydrographs.

The peak flow and flood volume frequency analyses are detailed in Seé&i8rad 5.4
respectively. The remaining components are summarised in Sestfioi\ discussion of the
key issues arising from the hydrologic analysis is provided in S&dfion

As highlighted earlier the hydrologic analysis focusen the determination ofdesign flood
hydrograpls for the Murray River at Yarrawonga. Accordingly the reporting focuses on the
design estimates at Yarrawonga with a summargesign estimates provided at Tocumwal
to enable comparison with présus studies.

5.2 Available streamflow data

This section describes the available streamflow daten gaugesand estimates of design
stream flows fromprevious studies. As discussed, this toyogic analysis has adopted a
streamflow based approach. The robustness of the design estimates from this approach
relies on the length and reliability of the available streamflow data. Streamflow gauges were
Sadlrof AaKSR Ay (KS hSIDON®ass ofdapan 1 Qa LINE OA RAY 3

The study area has bedhe subjectof numerous flood related investigatioria the past
that area useful information source for streamflow data and observed flood behaviour.

The structure of this section is as follows:

- Section5.2.1 outlines the streamflow data collected by various New South Wales
and Victorian government agencies

- Section5.2.2 briefly summarises the previous key flood inwgations and available
information

- Sectionb.2.3 discusses the reliability and suitability of the available streamflow data

5.2.1 Agency gauged streamflow data

Two streamflow gauges of direct relevance to this asialare located within or adjacent to
the study areaTable5-1 summarises the details of tketwo streamflow gauges.
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Table5-1 Available agency gauged stamflow data

Station Operator/ SEEATEE Data Type Length Of
Gauge Area
Name Contractor > Record
(km?)
Murray River| Murray Darling Mean [aily 2/1/1938 -
@ Basin Commissio Flows 30/11/1960
409025| Yarrawonga| / Departmentof 27,300 _ _
(Downstream Natural Daily Maximum| 1/12/1960-
of Weir) Resources (NSW Instantaneous | 1/12/2004
Departmentof Mean Daily 2/1/1908 -
Murray River Sustainability& Flows 9/12/1974
409202 o Tog’umwal Environment | 29,008 _ _
(Victoria) / Thiess Dally Maximum | 10/12/1974-
Environmental Instantaneous | 1/12/2005

Both the Yarrawonga and Tocumwal gauges have a lengthy record of streamflow. For both
gauges the initial periods of measurements were undertaken using a manually read staff.
This measurement technique Yis only mean daily flowFollowing the installation of
continuous recordss¥ NB Y | NP dzy,Riea$ukehenvbipstant@nious flow data was
possible.

Streamflow data for the Murray River at Yarrawonga from 1938 to 1960 has been
disaggregated manuallfo mean daily flow from cumulativddw data. Advice from New
South Wales Department of Natural Resources indicates that the data may contain human
WEeL2aAN LIKAOFEQ SNNBNB RdzS G2 GKS YI ydz f
comm. December 2006)

G N

Overtopping of the levees adjacent to Cobram can and has led to significant flow across the
Victorian floodplain. This floodplain flow effectively bypasses the streamflow gauge at
Tocumwal. As a result, the higher flows at Tocumwal should be treateccauition.

The streamflow data, outlined inTable5-1, was obtained from the
operator/contractor for use in this analysis.

respective

Further comments on the available data are provided in Se&iar8

5.2.2 Previous Studies
Murray River Flood Plain Management Plan (1986)

The Murray River Flood Plain Management (MRFPM) (RWCV et. al. 1986) study evaluated 1
in 20, 1 in 50 and 1 in 100 yeARIpeak flows at both thevarrawonga and Tocumwal
streamflow gauges.

At Yarrawonga, the MRFPM study (RWCV et. al. 1986) documents a peak flow frequency
analysis for the period following the constriant of Yarrawonga Weir in 1938. No specified

end date to the period of record empjed in the analysis was documentdtbwever it can

be assumed that records up to the study date (198®6) were usedThis peak flow
frequency analysis yielded a 1 in 100 yédrlestimate of 410,000/AL/d. However, the
MRFPM study adopted the estimate thie 1917 flood, 390,00ML/d, as the 1 in 100 year
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ARIpeak flow. Naclearjustification was provided for the adoption die 1917 peak flow as
the 1 in 100 yeaARI/1%AEPprobability event Further, no discussion is providad towhy
the 1917 peak flowvas not included in the peak flow frequency analysis.

For Tocumwal, the MRFPM study (RWCV et. al. 1986) highlights the low reliability of the
streamflow data for large floods due to the possible bypassing of the gauge. The MRFPM
study (RWCV et. al. 1986ites this low reliability as cause not to undertake a peak flow
frequency analysisat Tocumwal The MRFPM study (RWCV et. al. 1986) employs a
correlation analysis using Yarrawonga peak flows to estimate peak flows at Tocumwal. The
results of this correlabn analysis were provided without further details on the nature of the

analysis. Further, MRFPM study (RWCV et. al. 1986) indicates that | & SLI NI G4 S I
NEO2NRSR LISI{1 Fft2¢a 0 ¢20dzyglétd LUNK RASO (day Gf S
the nature of the separate analysis.

Table5-2 shows the design peak flow estimates from the MRFPM study (RWCV et. al. 1986).

Table5-2 MRFPM (RWCV et. dl986) Design peak flow estimates

ARI Yarrawonga Tocumwal
(years) Design peak flow Design peak flow
y (ML/d) (ML/d) *
1in 20 235,000 210,000
1in50 325,000 290,000

1in 100 390,000 340,000

* - does not include bypassed flows

Victorian State Rivers anWater Supply Commission and New South Wales Department of
Water Resources working files

The GBCMA provided a number of working files from the Victorian State Rivers and Water
Supply Commission (&8R/SC) and New South Wales Department of Water Resources
(DWR). These various calculations and correspondence related to flooding within the stud

I NBF® ¢KS g2NJAy3 FAESE FLIWSEFEN G2 RFEGS FTNRY

The files contained two annual historical peak flow series at Yarrawonga. From the available
files, the exact derivation of these two peak flow series is unclear. Significantediffes

occur in peak flow estimates for several large flood events between the two series. For the
purposes of this analysis, the two series are labelle®IVBRCA and B&WSEB respectively.
Further discussion of these peak flow series are provided in SeeR0d A listing of the two
series is provided in Appendsx

A daily hydrograph for the month of October 1917 is camdi in the working fileswith a
peak flowof 125,000 cubic feet per second (306,0@0Q/d) recorded (whichis consistent
with the SRWSGCA data seL This hydrograph allows the estimation of flood volume for the
1917 flood event. Further discussion of th®17 hydrograph is provided in Sectidr2.3

The SRWSC/DWR working files do not contain any further streamflow data for the Murray
River at Tocumwal.

An analysis of the historic flood events for the MurrayeRiat Yarrawonga is useful in that it
provides insight if not data into relative flood flow magnitudes observed in the past. The
study team was supplied historic flood height information from thBGMA. The three
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largest observed events in the Murray Rivan be ranked based on peak gauge height. The
1870 flood clearly stands out as the largest flood on record. However, the 1867 and 1917 are
more difficult to distinguish from gauge heights with the 1867 flood generally accepted as
the larger of the two. A estimate of discharge is available for the 1917 evéiowever,

flood flow estimates for the two largest floods, 1870 and 1867, cannot be derived dae to
lack of appropriate rating curve datd&hrough he hydraulic analysisor this study an
estimated ating curve at Tocumwdlas been developetefer to Sectior6.5).

5.2.3 Discussion

Three annual peak flow data sets are available for the Murray River at Yarrawonga. These
three data sets, for the purpose of this dysis, are referred to as follows:

- Agency gauged data: Streamflow data outlined in Sechiéhl Annual peak flow
extracted based on calendar years. Available for peti@8B¢ 2004.

-  SRWSCA: Peak flow from SRVSC/DWR working filessoutlined in Sectiorb.2
Available for period 19051979.

- SRWSGB: Peak flow from SRVSC/DWR working files outlined in Secttoh
Avaibble for period 19051979.

The design peak flow estimates from a flood frequency analysis are hidivignced by the
reliability of the streamflowdataused, and in particular biarge flood events.Table5-3 and
Figure5-1 provide a comparison afstimatedpeak flows fo several large flood events from
the three available data sets.

Table5-3 Murray Rver at Yarrawonga: Comparison ektimated peak flows for significant
flood events (19051979)

Peak flow
Flood event (ML/d)

Gauged agency data SRWSCA SRWSCB
1917 N.A. 306,000 390,000
1931 N.A. 179,000 210,000
1955 181,000 181,000 171,000
1956 204,000 208,000 193,000
1958 157,000 163,000 157,000
1970 184,000 187,000 166,000
1973 142,000 140,000 140,000
1974 196,000 285,000 193,000
1975 234,000 431,000 280,000

J150/R02Novenber 2011 Final Pagel4



[ S
: - = .j_!, WATER TECHNOLOGY
Murray River Regional Flood Study =% e oihL & Ch oA ConsTs
500000
450000
400000 — B Agency gauged data ]
OSR&WSC-Adata
350000 OSR&WSC -B data
— 300000 ] —
hs} —
2 -
=3
= 250000 —
k=)
x _
o 200000 — — T
ﬂ. —e
150000 ] L
100000 —
50000 —
0 .
1917 1931 1955 1956 1958 1970 1973 1974 1975

Flood event

Figure5-1 Murray River at Yailawonga: Comparison oéstimated peak flows for significant
flood events (19051979)

Considerable variation in peak flow estimates occur for the 1917, 1974 and 1975 events
between the three data sets. These three flood events are amongst the four laspestied
events for the Murray River at Yarrawonga. This variatiasa significant impact o the
magnitude of the design peak flow estimates derived from a flood frequency analysis.

Examination of the SRVSCA data set reveals several inconsistenciegh the 1974 and
1975 peak flows being significantly larger than the estimates in the other two dataTbets.
SRYWSCGA 1975flow estimate is considerably larger thanwo of the threeestimates for the
1917 event. The 1917 flood event is considered as ktbmdargest recorded event in terms
of peak flow (RWCV et. al. 1986). Conversely, tNEFEA 1917 estimate is considerably
lessthan the two other estimates.

Further comparison ahe three data sets is provided in Appendix

The inconsistencies in ¢hSRWSCA datanoted aboveraise concerns over the reliability of
this information and any frequency analysis based oft itvastherefore consideredhat the
inconsistencies in the YM/SCA data were sufficient to set aside thigormation from any
further analysis. However, it is noted that definitive examination of the derivation of the
data set is difficult due to the lack of available documentation.

No peak flow estimate for 1917 is available from the agency gauge data set. Hence no
comparison is pssible. Generally the peak flows are similar for the agency gauged data and
the SRWSGCB data. Notable differences in peak flow occur in 1975 and 1970. The lack of
available documentation prevents a thorough investigationaof underlying reasons for
thesedifferences.

The agency gauged data is the most recently derived data set and may contain revisions
since the derivation of the SRVSCA and SRWSCB data. However, the documentation of
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any revisions was not available. Given that this is the mostntederivation, the agency
gauged data was adopted for the Murray River at Yarrawongatbegreriod 1938 to 2004.

Asa number ofsignificant flood events occurred prior to 1938, inclusion of these in the flood
frequency analysis was considered desirabds discussed abovehd inconsistencies
contained in the SKRANSCA dataraised concerns over the reliability of thrformation and

in the absence of any tier data source, the SRVSGEB data set waadopted for the period
19051937. It is recognised thahé reliability of the SRWSCB data set is difficult taefine,
however the inclusion of the pre1938 period was considered worthwhiier the additional
length of record provided

The 1870 flood event has been documented to be larger than the 1917 {lRUdCV et al
1986),howeverno peak flow estimates are available. The occurrence of the 1870 and 1917
flood eventsunderscore the importance of longer periodf streamflow data in the peak
flow frequency analysis. Additional discussion of the 1870 fenaht is provided in Section
3.5.

The analysis of flood volureeequires a timeseries of daily flows to enable accumulation of
flow over a given time period. ThHBR&WS@ and SR&WS®B data sets contain annual
maximum peak flows only. Hence tBR&WS®@ and SR&WS®B data sets are unsuitable

for use ina flood volume analysis. The agency gauged data setteasfore employed for

the flood volume analysis at both Tocumwal and Yarrawonga. As the agency gauge data at
Yarrawonga is only available for the metifrom 1938 to 2004, the flood volume analysis
was limited to this period.

The daily hydrograph for the month of October 1917 allows the estimation of the flood
volume associated with this event. The peak flow for this hydrograph is 308/0@Dand is

line with the SR&WS@\ data set. As discussed, the reliability of 8R&WS@ data set is
consideredquestionable. Given this uncertainty, the absolute flood volume from the daily
hydrograph was considered unsuitable for direct inclusion in the flood velinequency
analysis. However, the relativity between the peak flow and flood volume was considered
useful in providing guidance on the variation of hydrograph shape. Further discussion on the
use of the 1917 daily hydrograph is provided in Sechi&n2

The three largest observed events in the Murray River can be ranked based on peak gauge
height. The 1870 flood clearly stands out as the largest flood on record with a gauge height
of 125.4m AHDat YarrawongaThe 1867 and 191@ventsare difficult to distinguistbased

on gauge heightssboth are estimatedto be approximately 124.9n AHD. An estimate of
discharge is available for the 19%lbod based on an old rating curve However flow
estimates for the twdargest floods, 1870 and 1867, cannot be derived due to the laek of
robust rating curve applicablat these times This makes their inclusion in any peak flow
flood frequency analysis problematic.

5.3 Peak flow frequency analysis

5.3.1 Overview

From the data ses outlined in Sectio®.2.1 a series of annual maximum peak flows was
determined at both Tocumwal and Yarrawonga.
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A peak flow frequency analysis involves the fitting of a probability distribution to observed
seriesof annual maximum peak flows. In this analysis the following probability distributions
were trialled:

- LogNormal Distribution (LP3)
- Generalised Pareto (GP)

It was found thabverallthe Generalised Pareto (GP) distribution provided ltlest fit tothe
peak flow series at both Yarrawonga and Tocumwaé results from the GP distribution
were therefore adopted forthe study To enable comparison with therevious MRFPM
study (RWCV et. al. 1986), results from the LP3 distribution argpedsented

Expected probability estimators were applied in this study. The parametfehe probability
distributionsin this studywere estimated using a Bayesian framework.

5.3.2 Yarrawonga

Table5-4 summarises the dggn peak flow estimates from the frequency analysis at
Yarrawonga.

As discussed in Secti®2.3 no peak discharge data exists or canréasonablyderived for

the 1870 and 1867 historical flood events. Tiyigsically means that thee flow events must

be excluded from any conventional flood frequency analysis. However a technique is
available wherebyingauged floods may be included in theod frequencyanalysis. The use

2F W/ Syaz2NBR Cf 2iandDhistbricdl BodgddeveiitK Br which @b gdaiiged
discharge existdy considering the number of floods in the pgauging period greater than

a threshold discharge. This method has been implemented in this analysis to establish the
impact of the 1867 andl870 historic floods on the flood frequency estimates for
Yarrawon@. The threshold discharge chosen was 390)aQ0 as both floods are regarded

as being larger than the 1917 event.

Table5-4 Design peaklbw estimates at Yarrawonga (409025)

19052004 | 19052004
ARy | 19052004 | 19052004 | 19382004 plus plus 186 & | MRFPM
(years)| LP3Dist GPdist. GPdist. 1870GP | 1870GP | 1986LP3
y (ML/d) (ML/d) (ML/d) dist. dist. (ML/d)
(ML/d) (ML/d)
10 178,000 | 186,000 | 152,000 | 193,000 | 215,000 -
20 240,000 | 236,000 | 190,000 | 251,000 | 292,000 | 235,000
50 334,000 | 300,000 | 236,000 | 328,000 | 406,000 | 325,000
100 | 416,000 | 346,000 | 269,000 | 387,000 | 445000 | 390,000
200 | 507,000 | 392,000 | 300,000 | 448,000 | 527,000 -

Figure5-2 showsthe LP3 and GP distributioifisased on the record 1902004)along with

the observed peak flow data for the Yarrawonga gmauFor clarity, the LP3 estimates are

shown in green with the GP estimates shown in red.
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Figure5-2 Murray River at Yarrawonga Annual Peak Flow Flood Frequency Andlysisamflow record 19052004)
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The LP3 distribution predicts design flood magnitudes at Yarrawonga that are consistent
with those developed as part of the MRFPM (RWCYV et. al. 1986) study. The GP distribution
without the inclusion of the 1867 and 1870 evenpsedicts significantly lower stimates

than those of the MRFPM study for the 1 in 50 yaRland greater events. However, the GP
distribution fits the observed data significantly better than the LP3 distribufltr inclusion

of the 1867 and 1870 events for the GP distribution comsilily increases the design peak
flow estimates.

Limiting the analysis to the period 1938 to 2004, yields significantly lower design peak
estimates for both the distributions. This is due to the exclusion of the significant flood
events in 1906, 1909, 1911922 and 1931. The 1 in 100 yédrIGP distribution peak flow
increases from 269,000L/d to 346,000ML/d with inclusion of the 1908937 data. This is a
28% increase for the 1 in 100 ye®RIpeak flow estimateFurther, the inclusion of the 1870
evert increases the 1 in 100 yeARIpeak flow estimate to 387,000IL/d. The inclusion of

both the 1867 and 1870 eveniscreases the 1 in 100 ye#&Rlpeak flow estimate to
445,000ML/d. The variationin design flowslue to the period of record analysed further
highlighted by determining approximate average recurrence intervals from the GP
distributions for3 large historical flood events, as displayed able5-5.

Table5-5 Approximate historical event recurrence interval at Yarrawonga

Estimated Approximate average recurrencaterval for GP distribution
Event Peak flow _ iedio)
(ML/d) ij;'ggBﬁggﬁiOfé Period 19052004 | Period 1882004
1917 390,000 ~100 ~200 > 500
1956 204,000 ~15 ~ 17 ~30
1975 234,000 ~17 ~20 ~50

The study steering committee conducted lengthy discussion and debate regarding the
appropriate pealklow estimatesto be adopted. Aconsensugosition was reached to adopt

the peak flow estimates from the GP distribution with the inclusion of the 1870 evaet.
adopted peak design floestimatesat Yarrawongare shown inrable5-6.

Table5-6 Adopted Design peak flow estimates at Yarrawonga (409025)

19052004 plus 1870 GP
Average Recurrence Interval Us Pl
(years) distribution
’ ML/d
10 193,000
20 251,000
50 328,000
100 387,000
200 448,000
500 528,000
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Further discussion on the effect of the data period employed is provided in Sécton

5.3.3 Tocumwal

Table5-7 summarises the design peak flow estimates from the fesgry analysis at
Tocumwal with the MRFPM (RWCYV et. al. 1986) design peak flow estimates provided for
comparison.

Table5-7 Design peak flow estimates at Tocumwal

Average Recurrencq LP3 Dstribution GPDistribution MRFPM 1986(LP3)
Interval, (years) ML/d ML/d ML/d
10 128,000 152,000 --
20 163,000 189,000 210,000
50 215,000 236,000 290,000
100 257,000 269,000 340,000
200 304,000 300,000 --

Figure5-3 depicts the two distributions along with the observed data for the Tocumwal
gauge. For clarity, the LP3 estimates are shown in green with the GP estimates shown in red.

Figure5-3 shows that neither the LP3 and GP distribution fit the higher flows ( > 50 year ARI)
well. As discussed, there is considerahteertainty surrounding the streamflow data at
Tocumwal for higher events. This is duthe considerable flow across the Victorian
floodplain, outside the PWD levee. Given this uncertainty in the streamflow data, design
flow estimates at Tocumwal were not used in this study.
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Figure5-3 Murray River at Tocumwal Annual Peak Flow Flde@quency Analysis
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5.4 Flood volume frequency analysis

5.4.1 Overview

From the data setsutlined in Sectiorb.2.1, flood volumeseries were determined at both
Yarrawonga and Tocumwal. The flood volumes were evaluated three durations; 14
days, 21 days and 28 days. As discussed in SesthB the agency gauged data periodisv
used in the flood volume analysis, Yarrawonga 12884 and Tocumwal 19G82005.

Similar tothe peak fow frequency analysis, the following probability distributions were
trialled:

- LogNormal Distiibution (LP3)
- Generalised Pareto (GP)

It was found that the Generalised Pareto (GP) distribution provided the best fit to the flood
volume at both Yamwonga and TocumwalThe results from the GP distribution are
presentedalong withthe estimates from the LP3 distributidar comparison

Expected probability estimators were applied in this study. The parametfehe probability
distributionswere estimated using a Bayesian framework.

As noted, three flood volume durations were assessed. The choitleesé durations was
founded on consideration of durations for a number of large obsefl@utls. Theselected
durations were found to generally braet the observed flood durationsand were
considered appropriate for this analysiBhe sensitivity of the modelled flood behaviour to
the event duration is discussed in Sect®d.6

5.4.2 Yarrawonga

Table5-8 summarises the design flood volumes for the thisdectedevent durations at
Yarrawonga.

Table5-8 Design flood volume estimates at Yarrawonga (409025)

Average LP3 distribution GP distribution
Recurrence | 14 pay | 21Day | 28Day | 14Day | 21Day | 28Day
Interval Vol. Vol. Vol. Vol. Vol. Vol.
(vears) (ML) (ML) (ML) (ML) (ML) (ML)
10 1,467,000| 1,977,000 2,423,000| 1,514,000| 2,032,000 2,519,000
20 1,948,000| 2,614,0® | 3,199,000| 1,831,000 2,446,000 3,049,000
50 2,681,000| 3,578,000| 4,380,000| 2,192,000| 2,913,000 3,660,000
100 3,316,000| 4,411,000| 5,404,000| 2,427,000| 3,214,000 4,061,000
200 4,028,000| 5,341,000| 6,555,000| 2,633,000| 3,476,000 4,417,000

Figure5-4showsthe frequency analysis for the 14 day flood volume with the observed data
for the Yarrawonga gauge. For clarity, the LP3 estimates are shown in green with the GP
estimates shown in red.

AppendixB containsthe frequency curves for the 21 day and 28 day volsme
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Comparison of the two distributions to the observed data for the 14 day volueneas
that the GP distribution fits the higher volume events better. As such, the GP distribution
estimates were adpted in this study.
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Figure5-4 Murray River at Yarrawongal4-day volumes flood frequency analysis

J150/R02November 201 1Final Page24



Murray River Regional Flood Study = 5 _ WﬁTER TECHNOLOGY

1, COAS & ENVIRONMENTAL CONSULTANTS

5.4.3 Tocumwal

Table5-9 summarises the design flood mes for the threeselectedevent durations at
Tocumwal.

Table5-9: Design flood volume estimates at Tocumwal (409202)

Average LP3 Predicted Flow GP Predicted Flow
Recurrence | i bay | 21Day | 28Day | 14Day | 21Day | 28Day
Interval Vol. Vol. Vol. Vol. Vol. Vol.
(years) (ML) (ML) (ML) (ML) (ML) (ML)
10 1,321,000| 1,799,000| 2,238,000 1,430,000| 1,934,000| 2,411,000
20 1,593,000 2,135,000| 2,644,000 1,664,000 2,237,000 2,781,000
50 1,959,000 2,577,000 3,176,000 1,897,000| 2,533,000 3,141,000
100 2,246,000| 2,918,000 3,581,000 2,030,000 2,699,000 3,340,000
200 2,544,000 3,267,000 3,994,000 2,135,000| 2,827,000 3,492,000

Figure5-5showsthe 14 day flood volumeréquency analysis along with the observed data
for the Tocumwal gauge. For clarity, the LP3 estimaiee shown in green with the GP
estimates shown in red.

As for the volumes a¥arrawongathe GP distribution provided a better fit than thed.P
distribution for the higher volume events

AppendixB contains the frequency curve for the 21 day and 28 day volume.

5.4.4 Discussion

The GP distribution provided a better fit to the flood events at Yarrawonga and Tocumwal,
particularly for the higher voluns(> ~ 30 yeaARI).

A comparison of the design flood volume estimates at Yarrawonga and Tocumwal revealed
higher estimates at Yarrawonga. It would be expected, in the absence of significant
inflow/outflows between Yarrawonga and Tocumwal, that the flood volume estimate
would be similar. The differences in volume estimate® considered toreflect the
uncertainty in streamflow data at both sites.
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Figure5-5 Murray River at Tocumwal 14 day volume flood frequency aysa

J150/R02November 201 1Final Pag 26



Murray River Regional Flood Study

= = WATER TECHNOLOGY

S = WATER, COASTAL & ENVIRONMENTAL CONSULTANTS

5.5 Design flood hydrograph derivation

5.5.1 Flood event rank comparison

To apply the ARR methodology, reasonable coincidence between the rank of a given flood
event in the peak flow and flood volume series is required. For this analysis, the largest 15
peak fows were selected from the agency gauged data at Yarrawonga -A@39. The
period 19392004 was chosen to provide a concurrent period for both the peak flow and
flood volumes series. The rank in the 14 day flood volume series for these largest 15 peak
It was found that for these 15 flood events the annual
maximum peak flow and 14 day volume occurred for the same flood event within the year.

flow events was then determined.

Table5-10, Table5-11 and Table5-12 show the comparison of rank for the peak flow and
flood volume series at Yarrawonfa 14, 21 and 28 day durations respectively.

Table5-10Peak flowg 14 dayflood volume rank comparison at Yarrawonga (193804)

Flood Event Peak Flow 14 Day Volume| Rank In Peak | Rank In Flood
(ML) (ML) Flow Series Volume Series
1975 234,000 1,863,000 1 3
1956 204,000 2,219,000 2 1
1974 196,000 1,503,000 3 6
1970 184,000 1,493,000 4 8
1993 183,000 1,393,000 5 11
1955 181,000 1,968,000 6 2
1958 157,000 1,404,000 7 10
1973 142,000 1,606,000 8
1996 141,000 1,617,000 9 4
1952 140,000 1,445,000 10 9
1992 137,000 1,386,000 11 12
1981 127,000 1,498,000 12 7
1964 109,000 1,258,000 13 14
1990 104,000 1,240,000 14 15
1939 101,000 1,321,000 15 13
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Table5-11 Peak flowg 21 dayflood volume rank conparison at Yarrawonga (1932004)

Flood event Peak flow 21 day volume | Rankin peak | Rankin flood
(ML) (ML) flow series volume series
1975 234,000 2,398,313 1 3
1956 204,000 3,001,803 2 1
1974 196,000 2,198,328 3 5
1970 183,000 1,931,363 4 8
1993 183000 1,738,247 5 13
1955 181,000 2,677,292 6 2
1958 157,000 1,764,206 7 12
1973 142,000 2,198,184 8
1996 141,000 2,236,660 10 4
1952 141,000 1,866,174 9 11
1992 137,000 1,893,073 11 10
1981 127,000 2,042,580 12 7
1964 109,000 1,682,993 13 15
1990 104,000 1,712,316 14 14
1939 102,000 1,899,178 15 9
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Table5-12 Peak flowg 28 dayflood volume rank comparison at Yarrawonga (193804)

Flood event Peak flow 28 day volune Rank in peak | Rank in flood

(ML) (ML) flow series volume series
1975 234000 2977958 1 3
1956 204000 3731629 2 1
1974 196000 2821389 3 4
1970 183000 2384476 4 8
1993 183000 2161929 5 13
1955 181000 3312836 6 2
1958 157000 2163181 7 12
1973 142000 264740 8 6
1996 141000 2677040 10 5
1952 141000 2218041 9 11
1992 137000 2375310 11 9
1981 127000 2493682 12 7
1964 109000 2050586 13 15
1990 104000 2151386 14 14
1939 102000 2346534 15 10

Fromthe above three tableghere is considered a reasonaldeincidence of ranks between

the peak flow and flood volume events. The following commentszade

- the same 15 events are reflect@uthe peak flow and flood volumes series

- the 1975 flood event is the largest event by peak flow and the third largesitdwe

flood volume

- the 1956 flood event is the largest event by flood volume and the second largest
event by peak flow

- the 1970 and 1993 events have peak flow rank considerably hitjaertheir flood
volume ranks.

- The1996 and 1973 events have peak floank considerably lowethan their flood
volume ranks.

The coincidence between peak flow and flood volume rank is considered sufficient for the

purposes of this analysis and the application of the ARR methodology.
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5.5.2 Peak flowc flood volume ratio

For the B flood events, listed imMable5-10, the ratios of the peak flow to volume were
determined to assess the shape of the flood hydrograph (i.e. peakiness). The 14 day flood
volume was converted to an avemaglaily flow over a 14 day period, and then divided into
the peak flow. In addition, the October 1917 daily hydrograph yielded & fleev and 14

day volume. Thd 917 peak flow from the daily hydrograph was 306,0@0/d and differs

from the 390,000ML/d used in the peak flow frequency in SectiérB.2 however the peak

flow ¢ flood volume ratiowas considereduseful and warrantedin the comparison of
historical eventiydrograpts.

Table5-13 displays the peak flowg flood volume ratios for the 15 largest events for the
agency gauged data period (192804) plus the 1917 event from tH&R&WS@orking files
(SR&WS@ data set). The events Trable5-13 are listed in descending order based on peak
flow.

The magnitude of the peak flow volume ratio reflects the peakiness of the flood
hydrograph i.ethe higher the ratiq' the peakier the flood hydrogrdp Higher pe& flow ¢
volume ratios occurred for the 1917, 1975, 1993 and 1974 eventslovithr ratios occurring
for the 1939, 1981 and 1990 eveniThe mean ratio for the 15 historical events plus 1917 is
1.43 with the median ratio at 1.33.

Similar peak flow to flod volume ratios were determined from the design estimates of the
peak flow and flood volume. As the flood volume analysis was conducted using the period
1939 to 2004, the design peak flow estimates from an analysis on this same period were
used to determime the peak flong volume ratios.

Table5-14 shows the peak flow flood volume ratios for the design events.
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Table5-13 Historical peak flowg flood volume ratio at Yarrawonga (19382004)

Flood Peak 14 Day Avlilrél\?v?o?a”y FIT:VE\;E 21 Day Dg\illf/rlilgo?/v PgikD |§|)(/)W 28 Day AVEIF;?V?O?&W PsikD S?(/)W
Event Flow Volume 14 Day Volume Volume | For 21 Day ¢ Volume Volume 28 Day ¢ Volume
(ML/d) (ML) Volume Ratio (ML) Volume Ratio (ML) Volume Ratio
(ML/d) (ML/d) (ML/d)
1975 | 233,761 | 1,863,000 133,000 1.76 2,398,000| 114,000 2.05 2,977,000 106,000 2.20
1956 | 203,677 | 2,219,000 159,000 1.28 3,002,000, 143,000 1.42 3,731,00 133,000 1.53
1974 | 195,818 | 1,504,000 107,000 1.82 2,198,000| 105,000 1.87 2,821,000 101,000 1.94
1970 | 183,687 | 1,494,000 107,000 1.72 1,931,000 92,000 2.00 2,384,000 85,000 2.16
1993 | 183,012 | 1,394,000 100,000 1.84 1,738,000/ 83,000 2.21 2,162,000 77,000 2.37
1955 | 181,096 | 1,968,000 141,000 1.29 2,677,000 127,000 1.42 3,313,000 118,000 1.53
1958 | 157,090 | 1,404,000 100,000 1.57 1,764,000/ 84,000 1.87 2,163,000 77,000 2.03
1973 | 141,722 | 1,606,000 115,000 1.24 2,198,000| 105,000 1.35 2,647,000 95,000 1.50
1996 | 141,395 | 1,617,000 116,000 1.22 2,237,000 107,000 1.33 2,677,000 96,000 1.48
1952 | 140,556 | 1,445,000 103,000 1.36 1,866,000/ 89,000 1.58 2,218,000 79,000 1.77
1992 | 136,877 | 1,386,000 99,000 1.38 1,893,000/ 90,000 1.52 2,375,000 85,000 1.61
1981 | 126,830 | 1,499000 107,000 1.18 2,043,000 97,000 1.30 2,494,000 89,000 1.42
1964 | 109,350 | 1,258,000 90,000 1.22 1,683,000/ 80,000 1.36 2,050,000 73,000 1.49
1990 | 104,423 | 1,241,000 89,000 1.18 1,712,000/ 82,000 1.28 2,151,000 77,000 1.36
1939 | 101,533 | 1,322,000 94,000 1.08 1,899,000/ 90,000 1.12 2,346,000 84,000 1.21

J150/R02November 201 1Final

Pags&1l




Murray River Regional Flood Study

WATER TECHNOLOGY

WATER, COASTAL & ENVIRONMENTAL CONSULTANTS

Table5-14 Design peak flowg flood volume ratio at Yarrawonga (1932004)

Average Peak flow 14 day Average | Peak flow 21 day Average | Peak flow 28 day Average | Peak flow
recurrence| 1939-2004 volume daily flow | ¢volume volume daily flow | ¢volume volume daily flow | ¢volume
interval (GP (ML) for 14 day ratio (ML) for 21 day ratio (ML) for 28 day ratio
(years) distribution) volume volume volume
(ML/d) (ML/d) (ML/d) (ML/d)
10 152,000 1,514,000 108,000 1.40 2,032,000 97,000 1.57 2,519,000 90,000 1.69
20 190,000 1,831,000 131,000 1.45 2,446,000 116,000 1.63 3,050,000 109,000 1.74
50 236,000 2,192,000 157,000 151 2,913,000 139,000 1.70 3,660,000 131,000 1.81
100 269000 2,427,000 173,000 1.55 3,214,000 153,000 1.76 4,061,000 145,000 1.85
200 300,000 2,633,000 188,000 1.59 3,476,000 166,000 1.81 4,418,000 158,000 1.90
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For the design events, the peak flawolume ratio is seen to increase with ARI. The design
ratios generally span between the median and mean historical eventgalfibis consistency
provides confidencén the design ratios.

Figure5-6 displays the peak flows 14 day flood volumes for both histeal and design flood
events. Also included iRigure5-6 is the 1917 flood event using the peak flow and 14 day
volume based on th&R&WS@ data set. The design flood events shown are derived from
the frequency analysif2 NilBe period 1938 to 2004. The scatter of the historical peak flows
¢ 14 day flood volumes highlights the variation in the relationship of peak flow to flood
volume i.e. hydrograph shape.
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Figure5-6 Historical and design peak flow 14 day flood volume ratio at Yarrawonga (1938
-2004)

It should be noted that the peak flogvvolume ratios for the two significant historical floods,
1956 and 975, were 1.28 and 1.76 respectively. Theseomatliffered considerably from the
design event ratios (1.4 1.59). The variation in these ratios reflects the nature of these
two events. The 1956 event had a long duration (i.e. lower peakdle@lume ratio) and the
1975 event was of shorter duratiomith a high peak flow (i.e. higher ratio). This variation in
peak flow ¢ volume ratio compared to design peak flows, is further highlighted by
examination of the approximate ARIrfthe peak flow and flood volumes as follows:

- 1956 event peak flow ARI ~ §8ar and 14 day volume ARI ~ 50 years
- 1975 event peak flow ARI ~ 50 year and 14 day volume ARI ~ 20 years

It should be noted the above approximate ARIs are based on the frequency analysis for the
period 1938 to 2004 and differ from the ARI determined frdme frequency analysis of
19052004.

The spread of flowolume ratios reflects the natural variability inflows within Australian
rivers and as such is not unexpected.
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5.5.3 Historical flood hydrograph selection

Examination of the historical flood ratios Trable5-13 revealed that the peak flow volume
ratios for the 1952, 1958 and 1992 events, 1.36, 1.57 and 1.38 respectivelychsest to
the design event ratios.

The 1992 flood hydrograph cont&d a prdonged period of relatively constant flow prior to
the rise and occurrence of the peak flow. It was considered that the 1992 flood hydrograph
shapedid not represent what could be considered to betgpical flood hydrograph shape.
The 1952 and 1958 higioal flood hydrographs were considered to lm@re representative

of typical flood hydrographs.

Listings of the 1952, 1958 and 1992 historical flood hydrographs are provided in Appendix

Design flood hydrographs were computed by scaling historical flogdrographs with
similar peak flowg volume ratios to the design event ratios shownTiable5-14.

As discussed, the 1952 and 1958 flood events had siftolrvolumeratios to the design
flood ratios hence the following historical eventswere adopted as representative
hydrograph shapes for scaling to become design flood hydrographs:

- 1952 flood hydrograph: 10 and 20 yesRIdesign events
- 1958 flood hydrograph: 50, 10R00and 500yearARI desigmeverts

5.5.4 Design flood hydrograph scaling

The representative historical hydrographs were scaled by the ratio of the historical to design
peak flows. The design peak flows adopted for scaling were from the frequency analysis
using the GP distribution and the pediol9052004 plus 1870 as listed inTable5-4.
Table5-15 displays the scaling factor for the historical hydrographs to yield the design flood
hydrograpls. The representative historical flood event employed for the scaling is provided
in brackets.
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Table5-15 Design peak flowg flood volume ratio at Yarrawonga (1932004)

Average Historical peak flow Design Peak flow Peak flow
recurrence from representative | 1905¢ 2004plus 1870 | scaling factor

interval flood event (GP distribution)
(years) (ML/d) (ML/d)

10 140,500 (1952) 193,000 1.37

20 140,500 (1952) 251,000 1.79

50 157,090 (1958) 328,000 2.09

100 157,00 (1958) 387,000 2.46

200 157,090 (1958) 448,000 2.85

500 157,090 (1958) 528,000 3.36

The use of the design peak flow estimates for the period 1905 to pa&1870mplies an
assumption that the design peak flogvvolume ratios determined for the ped 1938 to

2004 would be similato those for the longer periodused in the peak flow frequency
analysis The validity of this assumption is unable to be rigorously tested given the absence
of suitable data for use in the flood volume frequency analys to 1938.

The 14 day volunscontained in the scaled design flood hydrographs were determined and
are provided inTable5-16.

Table5-16 Adopted desigrflood hydrograph 14 day volume at Yarrawonga

Average Scaled Design
recurrence hydrographc
interval 14 day volume
(years) (ML)
10 1,913,000
20 2,427,000
50 2,681,000
100 3,092,000
200 3,504,000
500 4,120,000

The above 14 day volumedfdr from the 14 day volume estimates based on the frequency
analysis outlined in Sectidn4.2 This difference is due tecaling based on the design peak
flow estimates from the period 1968004 and the gap b&veen the design peak flow and
the flow peak of the historical event used in the hydrograph scaling process

Figure5-7 displays the 1952 and 1958 historical flood hydrographs, and the adopted scaled
desgn flood hydrographs
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Figure5-7 Historical and design flood hydrographs for the Murray River at Yarrawonga
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5.6 Discussion

The reliability or confidencesurrounding the peaklesignflow estimates at Yarraworgis
influenced by a number of factorghich arediscussd below.

The peak flow estimates at Yarrawongee highly dependenton the period of record
employed in the frequency analysis. A number of significant flood events occurred in the
early gaugeperiod (19051937). The reliability of the peak flow dadarived fromthe early
gauge record19051937) is difficult to establish.

Another important factor influencing the frequency analysss the significant water

resources developmerthat has occurred it KS ! LILJISNJ adzZNNJ & OF G§OKYSy
O2yaiNHzOGA2Y 2F 1dz¥YS 51Y Ay mMdonQa FyR 511 NI
development has reducethe magnitude of flooding, particularly for more frequent events,

say up to 1 in 20 year. Howayehe reduction in flood magnitude for larger flood events

would be limited. The MRFPM study (RWCV et al 1988yestshat for the 1917 flood

event the impact of Hume Dam would be negligible.

Given these above factors, ig evidentthat considerable ucertainty surround the peak

flow estimates at Yarrawonga. This study has applied a different probability distribution (GP)
to observed peak flow seriesdh used in previous studies. &P distribution is considered

to better fit the observed data and appropriate for adoptionin this study

The study considered two periods of streamflow data, 1905 to 2004 and 1938 to 2004.
Despite the uncertainty in the reliability of the early period peak flows, the peak flow
estimates derived from the longer perioare consideredmore appropriate. Further t is
considered that the exclusion of the early period (190®37) would result in an
unreasonable reduction in peak flow estimates for the 1 in 50 yd&land greater events.

5.7 Climate change considerati@n

The study areaand contributing upstream catchmertas been subject to a drying trend
since 196Qvith mean annual rainfall decreasing Bgound 15-30 mm per decadgCSIRO &
BoM 2010).

Climate change modelling suggests thainfall in winter, spring and autumwill decrease
by 20%50% by 2050, withraincrease in summer rainfadif 10-20% from a relatively low
current summer rainfall (DECC08).

DECCW (2008) provides the following commentsfutare flood behaviourunder the
influence of Climate Change

dDueto the increase in summer rainfall there isisk that floodproducing rainfall events are
likelyto become more frequent and more intenselia wetter La Nifia years. Whether these
changedead to an increase in flood levels depends ugenexisting cathment conditions
and the waterlevels in the major storages at the time of actaaénts. The risk of protection
measures such dsvees being overtopped is likely to increase aithassociated risk to life
and property. Changes &hort and intense rafall events are likely toncrease flooding from
smaller urban streams anatban drainage systents. LJ o

As noted above, there are a number of factdhat may influence the computed design
flood magnitudes. It is unclear how climate change maitimately impact designflood
magnitudesinto the future.
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This study has considerarange of flood magnitudes from 10 year ARI to 500 year ARI.
Comparison of the flood behaviour between these events can provide insight into the
sensitivityof flood impacts taclimate change influences.

It is recommended that as understating of climate change influences on large flood events in
the Murray River improves, sensitivity analysis of the changes in design flows is considered.
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6 HYDRAULIBNALYSIS

6.1 Overview

The hydralic analysis determined flood behaviotwr the Murray River floodplain from
Dicks/Seppelts levees to downstream of the Ulupna Crelgkirray Riverconfluence.The

flood behaviour was assessed for the 10, 20, 50, 200,and 500 yearARIflood events.
Dedgn flood hydrographs fothe Murray River at Yarrawonga, outlined in Sectgnwvere
utilised as inflows for the hydraulic analysis. The sensitivity of flood behaviour to several
levee failure scenariosagasessed.

The extensive nature of the floodplain requires the application of a-dmeensional (2D)
hydraulic model The linked onalimensional and twalimensional unsteady hydraulic
model, MIKEFLOOD, was the principal tool for the hydraulic analysis.

For tis present study, a twdimensional (2D) MIKE 21 model has been set up to model the
overall floodplain flows. A couplezhe-dimensional (1D) MIKE 11 model has been utilised
to explicitly model waterway (bridge and/or culvert) crossings within the studg.a

The MIKEFLOOD model parameters weabrated through comparison ofthe modelled
and observedflood levels with historical inflow flood hydrographs as an input. Once
calibrated, the MIKEFLOOD model was applied to estimate design didwaliour [evels
and extents)wvith design inflow hydrographs as an input.

This section details the input data, methodology and outputs for the hydraulic analysis. The
structure of the section is as follows:

1 Hydraulic model development details the construction of the MIKEFLOOD model
structure (Sectiorb.2)

1 Hydraulic model calibratiog details the selection of calibration events and calibration of
model parameters (SectioBL3)

1 Design flood modelling summaries the estimation of design flood levels and velocities
with the calibrated MIKEFLOOD model (Sedbigin

6.2 Hydraulic model development

6.2.1 Overview

The development of a detailed DTM asdbsequent construction of a hydraulic model of

the study area enables the flood and hydrodynamic behaviour of the study area to be
simulated in detail. Hydrodynamic conditions varying from historical flood events to the
AAYdZ FGA2Y 2F KReERBERUIBLOSYIaRSO&EYIYS Y2RSE SF
of flooding behaviour whin the study area. These conditions can be applied to both the

existing floodplain geometry, and geometries that have been altered to represent changes

eg. flood mitigatiormeasures, proposed developments or historical floodplain conditions.

6.2.2 Hydraulic Model Software

The hydraulic model of the study area has been undertaken utilising the Danish Hydraulic
LyadAiddziSQa o651 L0 alLY9 C[hhb5 Y3fhs-artftdoad a2 F ¢
FE22RLI FAY Y2RStftAy3a GKIFIG KFra o0SSy F2NX¥YSR 0
MIKE 11 river model and the MIKE 21 fully #simensional modelling system. This dynamic

coupling extends the capability of MIRE to include the fdbwing:
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1 A comprehensive range of hydraulic structures (including weirs, culverts, bridges, etc.)
1 Ability to accurately model sugrid scale channels
1 Ability to accurately model dambreak or levee failures

For the present study, a twdimensional (2D) MIKEL model has been set up to moldbe
overall floodplain flows. A coupled ofttmensional (1D) MIKEL model has also been
utilised to explicitly model waterway bride and culvert crossing within the study area.

Further information on MIKE FLOOD can be foaind
http://www.dhigroup.com/Software/WaterResources/MIKEFLOOD.aspx

6.2.3 Model Structure

The basis of the twaimensional hydraulic model is the topographic grid which is based on
aerial laser survey, bathymetric data aadsignificantamount offield survey.Reld surveg
included embankmentgchannels and levees), culverts and bridgathin the study areaA

30 m grid resolution of the greater study area was utilised for the hydraulic model.

The choice of an appropriate grid resolution for the hydraulic nlotewas determined to a
large extent by the significant depths (F§ encountered in theaiver resulting in a high
wave celerity (~1B1/s) which impacts on the maximum allowable tirsp and hence
model simulation times. In addition, significant flomMaaties (~2m/s) are also predicteth

the river during large flood flows. Tise velocitiesdictated the computational time step
adopted for the hydraulic model to ensure the maximum model Courant nhumber would
provide a stable and accurate model solutiénfiner resolution than the adopte80 m grid
would require a correspondingly smaller computational time step, resulting in excessively
long simulation times. Given the nature of the study topography it was considered that the
chosen grid spacing providaggood resolution of the physical characteristics of iver and
floodplain.

Bridge and culvert crossings within the study area were modelled as MIKE 11 structures and
dynamically coupled with the twdimensional model. Head loss through the structures
could therefore be modelled explicitly within the model.

As noted, levee and irrigation embankment crest elevatiamre collected/surveyedand
then entered orstamped into the hydraulic model topography.

The variation in hydraulic roughness within thaidy areawas schematised as a grid,
representing various land forms or uses, e.g. open grassland, paved surfaces, buildings, thick
vegetation etc. The hydraulic roughness grid was based principally on aerial- ortho
photographyand visual inspection undeaken during field visits. Hydraulic roughness values
adopted for the twedimensional hydraulic model are summarisedTable6-1. Roughness
values were initially adopted based on literature and previoyseernce with similar flood
models. These values were then validated during the hydraulic model calibration process
and any necessary adjustments made.
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Table6-1 Hydraulic Roughness Parameters

Topography Giss AalyyAy3
Murray River channel and major

anabranches (bed & banks) 0.035
Overbank riparian corridor (within levees) 0.065 0.07
Vegetated floodplain areas and waterways

(e.g. Sheepwan Creek) 0.07
Cleared floodplain (outside levee) 0.04

6.3 Hydraulicmodel calibration

6.3.1 Approach

¢KS OFfAONIGAZ2Y LINRPOS&aa NBIldzANBa aeadasSvyri
representation of flooding in the study area with observed flooding behaviour. This process

may incorporate comparisons between gauged streflaws, observed maximum flood

levels, areas of inundation as shown in aerial photography and eyewitness recounts of
flooding behaviour. Where the model does not adequately represtrd observed
behaviour the reason for the discrepancy is identified aimgbuts into the model are

adjusted as required.

The hydraulic model developefr this study is based on current topographic data and
flooding behaviour is therefore influenced by the current topography.such, the ability of
the hydraulic model to simate observed historical flood behaviour is affected by changes
to the topography subsequent to the flood event being modelled.

Calibration of the model was primarily based on matching the modelled flood levels with a
number of observed flood levels thrghout the study area. This was achieved through a
combination of fine tuning of the factors describing head loss through the major bridge and
culvert structuresandsome minor adjustment to the roughness parameters.

Due to uncertainty in the hydraulic &fency of waterway structures, care was taken not to
 R2edza i Ol NA2dza Y2RSt LI N} YSGSNBE 2dziaARS | OO0S
calibration fit. In this respect, it is noted that calibration was readily achieved with standard

model parameer values.

The historical events, October 1975 and October 1993, were used as the principal hydraulic
model calibration events.

The following section discusses the hydraulic model calibration for the two events.

6.3.2 October 1975

The October 195 flood event reached a peak flow at Yarrawonga approximately
234,000ML/d, estimated to bea 17 year ARI eventSignificant levee failures occurred at
Brentndls, Cleaves, and Dixons Beiltie levee failureled to considerable flow across the
Victorian floodplan. GBCMA provided some general description of the nature of the levee
breaches (timing and extent). It is understood thatstinformationwas sourced from local
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SR&WSC officers and landholders. The levee failures were included in the hydraulic model as

time varying structurebased on this information.

The October 195 event provides a good assessment of the hydraulic nfaddility to
simulate flood eventin excess of théeveecapacity

The Victorian Flood Database (VFD) contained 178 observed #wels from the October
1975 event The majority of the observed flood levels were located along the PWD levee
between Cobram and the Goulburn Valldighway Bridge (Tocumwal). The strength of the
model calibration was reflected by the breakdown of floodeks differences (modelled

flood level- observed flood level), as seenkigure6-1.

60%

50%

40%

30%

20%

10%

Percentage of total observed floood levels

0%

[ ]

Less than - 200
mm

-200 mm to -100
mm

-100 mmto + 100 + 100 mm to + 200 Greater than +

mm

Flood level differences

mm 200 mm

Figure6-1 October 1975 Hydraulicmodel calibrationg flood leveldifference breakdown

This indicates thataround half $6%) of the modelled flood levels were within +400mm,
and84% of modelled flood levels were within-200mm of the obseved flood levels.

Figure6-2 displays the modelle@®ctober 1975lood extent, and flood level differences. The
dot colourreflectsthe differencebetweenthe modelled and observed flood levels. The dark
and light green dots indicatebserved flood levels are undestimated, tke orange dots
indicate the modelled and observed flood levels were within.and the red and purple
dots indicates observed flood levels were oestimated.

The following general commentsgardingthe modelled flood behaviour are provided:
§ Upstreamof5 A E 2 y QBhe mdBglldd Y975 flood levels are within ®/1 m.

1 Brentnalls to Tocumwal: The modelled 1975 flood levels are generally up ta 0.2
higher than observed levels

1 Sheepwash Creek adjacent to Brentsidlwo modelled 1975 flood levels (liggreen
points) are up to 0.2n lower than observed levels, with an additional adjacent

modelled flood level point low by Ora (dark green)
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Newell Highway to Immediately downstream of Railwaéiie modelled 1975 flood
levels are within 0.1

Adjacent toUlupna IslandThe modelled 1975 flood levels are generally within 0.1 of
observed levels

Downstream of Ulupna Islan@he modelled 1975 flood levels within 0.1 m.

Given the uncertainty in thievee failuregluring the 195flood, it is consideredhat a good
fit with observed levels for the @ flood wasachieved.

As an independent check the Goulburn Broken CMA plotted historic 1975 flood level
contours (obtained from thé&/ictorian Flood Databag¥/FD) against the modelled contours

at 0.2m intervals These flood contours, including observed spot 1975 flood heights, can be
found insix sheets andre presentedin AppendixC The 1975 historic flood level contours
developedfor the Murray Darling Basin Commission IBQ in the mid-1990stook into
accaint someof the anomalies in thebserved 1975 flood height3his providesanother
perspectivefor the calibration. The following comments were made by Glierney of
GBCMA.

Upstream of Cobram observed 1975 flood levels are limitée. fit is very god until
2.5km upstreamof CobramNo flood levels are available and comparisons with the
fitted historic flood contours show the modelling to be 0.2 to 0.3 metres highlee.
modelling does indicate head loss over the Yarrawe@ghramRoad (als&nown as
BaroogaCobram Roadjnd its causeway whiclis notpicked up in the historiflood
contours. Therefore, the modellingesults are considered good, and represent
GG 2RI & Qa éThiSRay iRplicatios tf Eobram Town levee freeboard.

Downstream of the Yarrawong&obram Road comparisons become very galbthe
way to Torgannah Road, Koonoomoo

Between Torgannah Road to the Goulburn Valley Highway the modislisame 0.1

higher. This can be explained from the Victorian levee breach assumpAiso the

modelling closer to the @ulburn Valley highwawand its causeway and Tocumwal

levee shows complex flooding patterné.K S Y2 RSt f &3 Q@2F/ RALARIYSE
considered good.

Sheepwash Creek modelling is underestimating by 0.2 tanORuither downstream,
in the Ulupna floodplain the modelling results are mostly good.

Downstream of the Gulburn Valley Highwayhe modelling tends to under estimate
flood heighs along the river floodplain by 0-2.2m. Closer to the downstream end
of the madel flood heights are under estimated By3 m.

Overall the calibration represesia good fit of the 1975 observed data.
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Figure6-2 October 1975 Hydraulic model alibration ¢ Flood level comparison
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6.3.3 Odober 1993 calibration

The October 1993 flood event reached a peak flow at Yarrawongappfoximately
183,000ML/d, estimated to bea 9 year ARI evenbased on the adopted flood frequency

The October 1993 event was contained between the Cobram/PWD lewvdbe Victorian

side, and the Barooga/Tocumwal levee on the New South VéadesNo overflow occurred

G 5A01Qa fS@SSo & adzOK>X GKS hOi20SNI mopd
hydraulic mode® a@bility to simulate flood events within the levee

The Victorian Flood Database (VFD) containgdldserved flood levels from the October
1993flood. The strength of the model calibration was reflected by the breakdown of flood

levels differences (observed flood levatodelled flood levgl A total ¢ 3 from 15 points

were within100mm, and 7 of the 3 points were within200 mm.

Figure6-3 displays the maximum modelled October 1993 flood extent and comparison of
the modelled versus observed maximdlmod levels.The dotcolourreflects the differences
between the modelled and observed flood levels. The dark agttlgreen dots indicate
observed flood levels are undestimated, the orange dots indicate the modelled and
observed flood levels were thin 0.1m and the red and purple dots indicatdserved flood
levels were oveestimated.Unfortunately 1993 observed flood levels are only available near
SAE2Yy Q48 06SYR YR R2¢6yaiNBlIYDd o

The comparison of modelled and observed flood levels was considecstfor the October
1993 event.

6.3.4 Limited Verification to 1917

There have been significant changés the floodplain since 191 7and comparisos should
be treated with caution.

Comparisonshly the Goulburn Broken CMNAavebeen carried out with respect toettlared
100 yearARIflood level contourgbased on1917 flood levels and themodelled 100 year
ARIflood contours determined in Sectionuhder two conditions, with levee breaches and
without. The following observations are madg GBCMA

1 Cobram and ugtream areas are gogdenerally within QL m.

1 Downstream of Cobram the modelling is generally 0.3 to 0.4 lower than declared
with the Victoria Levee breached and generally significantly more agreement
without breacheswithin 0.05 to 0.2 m.

1 Generally a god match to observed 1917 flood levels at Dixons Bend, Sheepwash
Creekwith the levee breals model

Comparisos have been made against the declared 100 ya&iflood contours that
were manually interpreted anddrawn. The shape of thenanual contours canbe
significanty different compared tothe model generated contourd’he manually drawn
contours are subject ta significantdegree of personal judgement and represeribest
estimate The hydraulic modelgenerated contours are based on a continuousotw
dimensional water surfacéhat in most cases is likely to be more realistic (taking into
account momentum effects around bends for example)

Overall the verification against the 1917 flood informatiwas considered to bgood.
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Figure6-3 October 1993; Hydraulic model alibration ¢ Flood level comparison
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6.4 Designflood behaviour assessment

6.4.1 Overview

Design flood levels and inundation extentvere determined using the calibrated
MIKEFLOOD model for thE, 20, 50, 100200 and 500 year ARI floods. The design
hydrographs forthe Murray River at Yarrawongaetermined by the hydrologic analysis
were used as inflogiat the upstream model boundary

As discussed in Secti@ during significant flood events, the levees throughout the study
area are subject tpossible failure obreachingLlevee breaching can have significafitects

on flood behaviourin order quantify the potentiabariation in flood behavioudue to levee
breaching the following three levee failure scenarios were considered:

1 Levee overtopping without failure (No levee failure)
9 Victorian levee failure

1 New South Wales levee failure

1 Victorian irrigation channel removal

The followingsectiors outlinethe assumptions for each of the above scenarios and discuss
the key differences in flood behaviour betweethe modelled scenarios A detailed
discussion of the flood behaviour is provided in Secfidh

To assess the sensitivity of flood behaviour to flood volume, the hydraulic model was run
with a 28 day 100 year flood hydrograpgs aninflow at Yarrawonga(the standard
simulations used a 1day hydrograph)

6.4.2 No levee failure

This scenario assumesatino levees arébreached. However, the levees camertop when
the adjacent flood level exceeds the levee crisight Under these assumptions, flood
levels within the levees along the rivey will tend towardsan upper limit (i.e. this scenario
producedthe highest flood levels along the river, inside the leve&gjs scenario should be
employed when assessing the available freeboard for Isdesigned to provide 100 year
ARlprotection.

Design flood maps for the 1@0, 50, 100, 200 and 500 yeakRIS @Sy (i a > dzy

R
f SPSSe¢ a0SYINAR2 | NS LNPOARBSRAMNY FKE2ROG
t SPSS¢ atkepdidddlith2 following two scales:

1 Regional: 1:25,000 6 sheets across the study area

SNJ
2 YJall vy

1 Township: 1:1@00 ¢ Single sheet: CobramBarooga, Yarroweyah, Koonoomoo,
Tocumwal & Strathmerton.

6.4.3 Victorian levee failure

|l AAG2NAROIE fS@SS FTIrAfdNBa KI@JS 2BddtdalNNdE R | f 2y

Cleaves. Furthefeveefailures have occurred at numerous lomatsaround Ulupnalsland.
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For this scenario, concurrent failures of the PWD levee were considered at the following
locations:

T 5AE2y Qa4 .SyR IYyR dz2LJAGNBIY a2YS wmnnn Y

1 Brentnalls

1 Ulupna Creek southern bamifour locations

This scenario reflects the upper limit ofodld level and extent across the Victorian
floodplain. The levee failures were assumed to occur for2@e50, 100,and 200 yearARI
events.

Design flood maps for th20, 50, 100,and 200 yearARIS @Sy G 4% dzy RSNJ (1 KS &=
Tl Af dzNB ¢ aoddey ih i &compedyingLdidp atldhese maps are provided at

1:25,000 scale.

6.4.4 New South Wales levee failure

The New South Wales levees are generally constructed to provide additional protection
above the protection leMeachieved by the PWD levee. Nistbrical evidence of significant
levee failures hacome to light during the course of this study.

However, to reflecthe upper limit of flood level and extent across the New South Wales
floodplain concurrent failures were considered at the followingations:

1 Seppelts levee
1 Barooga levee
The levee failures were assumed to occur for the 100 pédevent.

Design flood maps for the 100 yeARIS @Sy (i dzy RSNJ 6 KS abS¢g { 2dziK
scenario are provided in the accompanying map atlas. These e@pprovided at 1:2800
scale.

Figure6-4 displays a comparison of 100 yeARlIflood extents for the threescenarios
described abovéNo levee failure, Victorian levee failurblew South Wales levdailure).

6.4.5 Victorian irrigation channel removal

LNNRARIFGA2Y AYFNF AaGNHzOGdzZNE g1 a O2yaidNHzZOGSR | (
The infrastructure consists of a network of earthen chas@aeld drains. Typically, spoil from

the channel construgion was placed either side of the channels/drains, forming raised

banks

To assess the influence of the irrigation infrastructure on flood behaviour, the hydraulic
model topography was revised to remove the following channels/drains:

M Main Channel No. 1nal No. 2
M Branch channel No. 6/1 and No. 3/7/2

Figure6-5 displays a comparison of 100 yeARI flood extents with and withoutthe
Victorian irrigation infrastructure.

Generally, there were modest increasea flood extentswith the selective channel removal
conditions. However, there is a reduction from the existing conditions to the seash of
Cobram, adjacent to the Murray Valley Highwaye removal of the Main Channel No. 1
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allowed additional flow d the west in this area. In turn, this reduced the flooding along the
Murray Valley Highway towards the south of Cobram.

Relatively limited differences in flood extents reflect the considerable overtopping of
levees/channed under the existing conditions the 100 year ARI event. It is considered
likely that for events less than the 100 year ARI event, the influenoegsdtion channeson
flood behaviour would be greater.

6.4.6 Flood hydrograph volume sensitivity

The design flood hydrographs, as discusse&ection5.5, were based on a 14 day flood

volume. A 28 day 100 geARIdesign flood hydrograph was evaluated, and applied as inflow

to the hydraulic model. The flood behaviour for the 28 day flood hgdaphwas assessed

F2N) GKS dab2 €S@PSS FlLAE{dz2NBE FyR GKS axAO002NAI

Figure6-6 displays the flood level difference for the No levee failure scenario between the
14 and 28day flood hydrayraphs. Apositive difference indicatesn increase in flood level

for the 28 day event compared to the 14 day event. Upstream of Tocumwal, the differences
were generally withint/- 10 mm suggesting that extending design flood duration beyond 14
days hadgittle impact on peak flood levels

6.4.7 Discussion

Thethree scenarios considered refleerange ofpotential flood extents across the Victorian
and New South Wales floodplains, and along the Murray River corfapure6-4 compares
the 100 yeaARIflood extents from the three scenarios considered.

As expected, the Victorian levee failure scenajields the larger flood extent across the
Victorian floodplain, and likewise the New South Wales levee &itwenarioyields the
larger flood extent across the New South Wales floodplain.

Typcally, the Victorian levee failure scenapeoducedincreasesn flood depths by up to

50 mm across the Victorian floodplaifcompared toli KS ay 2 f Sc@rard) TRedeA f dzNEB €
limited increases in flood deptlare due to the significant overtopping of the rural (PWD)

leveesi KI & 200dzNJ Ay GKS a e 100 ge@Rieved.l A f dzNB¢ aOSy

The New South Wales levee failure yielded a considerable increase irefttet from the

no failure scenarioConsiderable flooding through Tocumwal would occur under the New
South Wales failure scenario with flood depths up tm1These considerable changes in
flood behaviour reflect the absence of overtopping of the New BaMales levegexcept

for Seppelts levee.

It should be noted thatt severallocations in particular along the southern edge of the
Victorian floodplain,the modelled flood extent was limited tohe available topographic
data. In these locationgloodingis likely to extend beyond the limit of the hydraulic model.
Flood inundatiormapsR A & LJt | & | & f @nnofatibn vhére thigd is Jhéicysa s
recommended, as additional topographic data for the Victorian floodplain becomes
available, considerabn is given to the extension of the study areand re
modelling/mapping of these areas

Figure6-7 displays 100 yeahRIflood level contours at in intervals representing the upper
bound results of the laove scenarios. The Map Atlas disgligod contours at 200nm
intervals.
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Thecomparisonof 14 and 28 day flood hydrographs revealed minor changes in floodlevel
generally within +/ 10 mm. Given thee minor differences, the design flood mapping based
on the 14day is considered acceptable for the purposes of this study.
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Figure6-4 Design 100 year flood mapFlood extent comparison for levee failure scenarios
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6.5 Theoretical Rating Cungat TocumwalGauge

From the hydraulic analysis, a modelledimg curve at Tocumwal was derived, as shown in
Figure6-8 and Table6-2. For the derivation of the modelled rating curve, the location of the
Tocumwal guge was taken as immediately upstream2&im) of the Tocumwal bridge on
the Victorian bank.

The derived rating assumed no levee failure, just overtopping. If levee failure occurred, there
would be additional flow across the floodplain for a givgauge kight at the Tocumwal
gauge. The derived modelled rating curve tends towards an upper limit of stagedioen

flow.

The current rating curve, sourced from the Victorian Water Data Warehouse, is also shown
on Figure6-8 for comparison.

@ Modelled- no levee failure

m Current rating (as at June 201(

Gauge Height (m]

0 50000 100000 150000 200000 250000 300000 350000 400000
Flow (ML/d)

Figure6-8 Murray River at Tocumwat Modelled rating curve
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Table6-2 Murray River at Tocumwat Modelled rating curve

Gauwe Height Flow
(m) (ML/d)
70 116,239
7.1 127,954
7.2 140,349
7.3 153406
7.4 166,366
7.5 179540
7.6 192871
7.7 206,219
7.8 219367
7.9 228,013
8.0 347,405

The modelled rating curve shows little increase in gauge height as the flow inctegsex
about 240000ML/d. This reflects the overtopping of the upstream PWD lewed the
additional flow across the Victorian floodplain. This behaviour highlights the relative
insensitivity of flood levels along the river downstream of Cleaves asPiv® levee
overtopping occurs.
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7 STRUCTURAL MITIGAYIREASURES ASSESSMEN

7.1 Overview

This section discusses tffleod behaviour with a focus on thgerformance of the existing
structural mitigation measuresdentifies potential augmentation to the existingeasures
and potential new mitigation measures

As discussed in Secti@ a number of structural mitigation measures, mainly levees, have
been constructed within the study area. Also, particularly on the Vietorfloodplain,
irrigation infrastructure plays a role in flood protection. The keisting mitigationrmeasures
include the following:

1 Victoria

! Cobram Town scheme

1 Public Works Department (PWD) levees
T New South Wales

1 Seppelts Levee

1 Barooga.evee

! Tocumwal dwn levee

The level of flood protection afforded by a levee/embankment is defined by the Flood
Planning Level (FPL). The FPL is the design flood level plus an allowance for freeboard. The
design flood level applied depends of the nature of the built assetbe protected.
Generally, forthe protection of urban ares the 100 year ARI events adopted The
freeboard allowances affordedto ensure this level of protection is achieved over the life of

the structure For flood protection of urban areas, a 6®0n allowance is generally adopted.
However, this freeboard depends of the structural natof the levee.

For the urban area of Tocumwal and Cobram, GBCMA advised that the FPL was adopted as
the 100 yearARIflood level plus 0.6n freeboard allowance. Noformal FPL has been
adopted for the protection of rural aresgPWD levee). However, GBCMA advised an3®0
freeboard isgenerallyapplied in rural areas.

The following sections assess the performance of the above existing mitigation measures
against the adpted FPL

7.2 Existingstructural mitigationschemes

The level of flood protection offered by the existing mitigation scheme levessassessed
against the 100 yeaARIflood levels from the no levee failure scenario). The performance
was graded using the@llowing criteria:

1 Flood levelmore than 600mm below levee crestthis is theperformancemeasure
usead for Cobram and Tocumwalown levees)

1 Flood levelmore than 300mm below levee cresfthis is theperformancemeasure
used for nortown areas)

1 Flood leel less than 308hm below levee crest but no overtopping
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1 Flood level less than 36AGm above levee cregiOvertopping)
1 Flood levemore than 300mm above levee creqOvertopping)
Figure7-1 displays the risting flood protection levels.

The above criteria were provided to identify possible low points in the levee crest heights,
and to guide further geotechnical/structural investigations.

Appendix D contains loitgdinal profiles of the levee crestnd dedgn flood levels. These
plots show the indicative freeboard/overtopping for the range of design flood event
assessed.
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Figure7-1 Existing flood protection
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7.2.1 Cobram TowrScheme

The Cobram Town Schemwas designed and constructed following a number of
investigations in thew doy n Q& o b WA led to a document known as the Approved
Water Management Scheme under th&ater Act, 1989 Key elemerd of the scheme
include:

T 5 A O§piviay This spillway &ws flooding to breakout to a natural lower lying
floodplain Thebreakout reduceghe flow in the riverand in turn the flood levels along
the river through CobramThe spillway has been reinforced to withstand overtopping,
with anon-erodible top layer.

A z,oA A

1 Leveeadjacent to Wyatt Road (Cavgna a f: 3 B8 section (some 300) of
earthen levee prevents breakotwardsPullar Road.

1 River Road: Along River Road, elevated allotments act as attevlee south of Scenic
Drive. A concrete wa(Densons leee) landscaped as the front property fence, provides
flood protection between Scenic Drive and Barooga Road. Temporary flood barriers are
required across Barooga Road.

1 Town levee: Thikeveeextends from Barooga Road to near Harris Réatjoins the PWD
levee

1 The design standar(FPL)adopted in the Water Management Scherfed@ Cobramwas
the 100 yearARIflood event with a standard freeboard of 6@@m for earthen levees.
Levees built to this standard provide a Nominal Flood Protection Level for flgpts
the 100 yeaARIlevent.

Figure7-2 showsflood behaviour andreeboard/overtoppingfor the 100 yearARIflood
eventalong the Cobram Town levead Dicks Spillway

h @S NF t 2 gspillwaycdninédesivi flows greaterthan 20 year ARI (251,000L/d) at
Yarrawonga.For the 100 yeaARIflood event the depth of overtopping is up t450mm.

Along River Roadhe elevated allotments are greater th&0 mm above the 100 yeafARI
flood level. For Demsons Levee (concrete wall), the freeboard is greater tB80mm.

Temporary barriers (gates) across the allotment access are reqltiisdecommended that
the arrangements for the placement of the temporary barrieese documented in the
Flood Emergenciplan for Moira Shire

At Barooga Roadhe placement of temporary barrielis required as part of the scheme to
achieve the appropriatéreeboard It is recommended that the arrangements for the
placement of the temporary barrierare documented in the lod Emergency Plan for
Moira Shire

The Town levee, downstream of Barooga Road, has a freeboard generally above the
100year ARIflood levels of greater tha®OOmm. However, the freeboard is reduced to
about 2% mm for the segment from Harris Road to appimately 500m upstream of Harris
Road, adjacent to the treatment plant.

The design practice for earthen levees in Victoria is to provide aré0Greeboard above

the design flood. In this casine design flood for the Cobram tows the 100 yeaARIflood
event. Consequently the Towlevee does not provide protection up to the nominal flood
protection level. Comparing the current levee crest to the design flood levels reveals a
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nominal flood protection level of 20 year event (i.e. 60t freeboard isavailable for the
20year event).

It is recommended that the GBCMA and Moira Shire review this levee segment to assess
the degree of the compromise to the levee integrityhis matter requires closer attention
to determine consequences of reduced freeboardd the type of levees involved.

The 100 year flood mapping indicates flow pa#thong the Murray Valley Highway towards

the southern limits of CobranDiscussions with GBCMA (Guy Tierney peEnisims) confirm

there are community concerns about the potéal for flooding along the Murray Valley
Highway.The 100year ARFood mapping showinundationalong twoflow paths through
Cobram. A flowpath along the Murray Valley Highway affects residential properties in the
vicinity of William High, Sydney Stath, Murray and Punt Strest A further flow path
crosseCamjbell Road adjacent tbudley Park Lane, and then continues north along Acadia
Street, Gregory Street, Thomson Street, through Cobram Secondary collage grounds, across
Karook Street, and affec@orton Street, Nicolina Street, Irene Street and Grasso Drive.

Section 7.3 discussespotential mitigation measures to protect against flows along the
Murray ValleyHighway
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Figure7-2 Cobram town scheme levee performance
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