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EXECUTIVE SUMMARY

The Rural Levees Assessment projeat designed to meet the primary objective to improve the
current state of knowledge, data and information of the strategic levees along the Goulburn River
from Loch Garry to the Murray River and Murray River from Cobram to Barmah. This report
documentsthe methodology and results for all tasksjth plans and data provided to GBCMA
electronic data and mapping files

Survey

Survey of the levees wamdertaken betweenJanuary 2012 and Jur912 predominantly using
corrected GPS with a vertical accuracybleast50 mm. The data captured included:

1 Crest (bngitudina) pointswere collected everysOm along the levee, or where the levee
changed direction or if the crest changed height significantly.

9 Cross sections captured at least evé8§0Om and at all ntceable changes in levee
geometry As a minimumthe cross sections included points ftire levee crest and the
natural surface, toe, bank sides and bank shoulders on both sides of the levee.

1 Points of weaknesdata capturel including coordinates for poirdr line features and linked
photographs.

An assessmentvas undertakerto determine where the levees are locate@ther within public land

or privately owned land parcel§hs task required an improvement of the amtral data layer and
includedtitle searches andesk top reestablishmenf the digital cadastreThis analysis found that
along theMurray River leveed3km @7%) is located in private land and for the Goulburn River
levees72km (49%) idocated in private land.

The following survey phs have beeproduced:

W Topographic Features, including points of weakness, running distances of river and
levee, and Vicmap base data;

W Land Tenure, including parcels coloured according to whether they contain levee,
running distances, and base data; and

w Sections, containing cross sections of the levee including weakness cross sections, and

longitudinal sections.

In addition, GIS datéhas been produced from the survey includidD cross sections, loitgdinal
sections, points and lines of weaknekisiked photos and adjusted land parcels.

Level of protection

The surveyed levee crest levels and a Water Surface Elevation (WSE) for relevant flood events were
compared with an allowance @0mm freeboardfor modelled design events.elel of protection
was assigned dt m intervals along the surveyed levees.

For the Goulburn River levees, the WSE were derived from the Lower Goulburn Floodplain
Rehabilitation Scheme hydraulic modelling stuépr the Murray River levees the WSE weregwdsl

from a number of sources. Upstream of the Barmah Forest, the Murray Regional Flood Study VFD
contours were used. Downstream of the Barmah Forest, the Baiviilewa forest hydrodynamic
modelling calibration models for the October 1993 and peak 20Ehis were used. In addition, the

1975 flood contourssourced from the Victorian Flood Databasere compared to the surveyed

levee crest elevatiofor the entire length of the Murray River levees

The total length of Murray River levees withlevel of protection below the 1975 level is 67.5 km,
representing 58%f the length of the Murray River levees surveyed. Warksequired along
12.2km of the Goulburn River levees to bring all levees up to a minimum standard level of
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protection of a Syear ARI flood evenBo of the levees). This analysis does not include consideration
of the points of weakness data which has identified discrete points of lower levee crests and other
potential points of weaknesdnitial estimates otapital costs tgrovide a minimum level of

protection are in excess of $9 million for the Murray levees $®dhillion for the Goulburn River
levees.

Points of weakness

Points of weaknes@POW)are discretelocations along a levee that do not offer the same level of
protection or represent the general condition of the levee. They are visible features affecting the
structure or shape of the levee that may reduce the protection or performance of the levee. Points
of weakness may be the observed effects of natural processds & erosion and proximity to the
river; they may relate to mamade activities or infrastructure such as tracks and pipes traversing
the levee; or biologicalmpactssuch as saplingsree regeneration rabbit burrowsand wear by
larger animals (cattler horses for exampleDver 3000 featuresrepresenting potential POWere
capturedand documentedy the survey.

A risk based approadb identify priority points for works was developed using the input parameters
of consequence and likelihoo@he onseguence of levee failurevas assigned based on aerial
photography interpretation of potential features as risk of inundation in the event of flooding

The likelihood of levee failure due to a point of weakness was assessed for each point of weakness
featuretype. It was not possible to assess individual points of weakness due to the large number of
points collected during the survey. The likelihood of failure assessment estimated the likelihood of
failure of a POW classification rather than individual POstufes, this allowed a standardised rapid
assessmentRisk profileswere developed by assigning scores to the consequence and likelihood
ratings The risk profilevasdetermined by applying the scores to a risk matrix

The priority POW sites were selectad the sites with either an extreme or high risk rating. Sites
identified with extreme or high risk generally correspond with areas where either a breach has
occurred in the past and it has been repaired or where there is a discrete site with a lowOfrtw.

more than 3,000POWsites identified in the field, 31 sites andapproximatelyl km of linear
features have been ranked as extreme or high risk:

9 48sitesfor the Murray River levees
I 83 sites an®43m for the Goulburn River levees

Costing

Indicative cost estimates were prepared for each of the prioritised sites and sections of levee. The
Oz2ait SadAvylrdaSa KIFI@S 0SSy LINBLI NBR gAUGKAY GKS
and have been derived from the survey information and plgoaphs collected at the time of survey.
Initial and annual maintenance costs are presented in Tabl alowing for contingency and
planning costs and annual maintenance for the works indicativecostfor the priority worksfor

the rural leveeds $25 million comprisingthe Murray River leveeg¢$416,000) and Goulburn River
levees (8,100,000).

Key findings

The survey and land tenure dapmovides a cleaand accurateunderstanding of where théevee
assets are locatednd the level of protection prided by the crest However, he results show in
general that the level of protection and condition of the levees both on the Goulburn and Murray
Rivers isriconsistent along their length andis clear that a large flood on the Goulburn River and/or
River Murray would be likely to produce very uncertain results in terms of the performance of the
levee system. Overtopping and failutlee to levee breaching likely to occur in an unpredictable
fashion, leading to difficulties in flood response and mamaget.
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Whilst inconsistencies have been identified in the level of performance exhibited by the levees
throughout the study area, it would be a significant undertaking to upgrade the system to achieve a
uniform level of performance. A prioritised program wbrks to address the identified areas of
significant weakness and greatest risk may be a more efficient use of any resources that may
become available in the future. Further it may be desirable to develop a minimum standard of
performance to avoid faile of some levees at a relatively low threshold compared to the rest of the
system.
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1. INTRODUCTION

1.1 Project background

Levees have been constructed along the Goulburn and Murray Rivers on pnva@tpublic land

from the mid1800s and early 1900s. The levees have been repaired and modified over time in
response to damage caused by floodéth little or no regular maintenance many of the levees have
fallen into a less than satisfactory conditidvhilst concurrently,development that has occurred
within the communities that live on these floodplains has been a result of the protection, or
perceived protection, afforded to them by the levees.

Recent flood events in Victoria hatgghlighted the needo assess the levees along the Goulburn

and MurrayRiverfloodplains The Lower Goulburn Floodplain Rehabilitation Scheme study (Water
Technology2005 noted thatdX dofbfloods equal to or larger than approximately aydarARI flood
however, the levee8 @S NI 2L F YRk 2NJ FFAf NI yR2Yf& |f2y3a (KS

Not only do we need to understand what the levee crest level is, but also tivbabndition of the
levee is, where the levee is likely to breach, what is the magnitude/frequency of flooding that is
likely toresult in overtopping and who owns the levee dmalv is it going to benaintained.

1.2 Project scope

The Rural Levees Assessment project scope has tesigned specifically to meet the primary
objective to improve the current state of knowledge, data anfibimation of the strategic levees
along the Goulburn River from Loch Garry to the Murray River and Murray River from Cobram to
Barmah. The specific requirements, as stated in the brief are to:

9 Capture survey data of levee crests, levee toe/natural surdackcrosssections

1 Identify points of weakness in the levees

1 Establish land tenure

9 Estimatethe existing level of protection

91 Develop a priority list of works to repapoints of weaknesgo provide a more consistent
standard of protection

Estimate costsa carry out the required works

Record all outputs into suitable GIS layers in accordance with Victorian Flood Database (VFD)
formats.

= =4

The project has been undertakas six distinct tasks:

Land tenure,

Levee survey

Existing Level of Protection
Points ofWeakness analysis
Priority works and costings
Plan and data preparation.

= =4 =4 =4 -8 -9

This report documentshe methodology and results faall tasks with plans and data provided to
GBCM/Aeas electronic data and mapping files
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2. SURVEY

2.1 Survey capture methodology

Survey of the levees was performed predominantly using-Riea¢Kinematic (RTK) GPS receiving
O2NNBOGA2Yya AY NBFf GAYS FNBY A00G2NAIQa /2y UAy
areas of no mobile reception resulting in no link to the C@&®ork, ThinkSpatial set up its own

RTK base station providing corrections via radio link.

A team of two surveyors worked independently, but within close proximity, walking or riding quad
bikes along the levees. One surveyor surveyed the levee -sexdon and longitudinaisection
points (i.e. the levee geometrywhilst the second surveyor surveyed points of weakness.

The surveyor collecting levee geometry would pace approximate distances betaegitudinat
section points consisting of a levee crestd riverside levee toe and natural surface. Generally,
longitudinatpoints were collected every0Om along the levee, or where the levee changed direction
or if the crest changed height significantly.

Cross sections were collected initially ev&80m ard later, in order to improve efficiengyevery
500m. Cross sections captured all changes in levee geometry, but as a mittralevee crest and
the natural surfacetoe, bank sidesind bank shoulder®n both sides of the levesere surveyed.

Realtime suvey data used AusGeoid09 to provide vertical adjustment from Ellipsoidal Height to
Australian Height Datum (AHD). More accurate local AHD was achieved by surveying and adjusting
survey to local permanent survey marks every0km along the levee networkThis ensures survey

data falls within the50 mm absolute vertical tolerance prescribed in the project brigfe majority

of horizontal tolerances are withi25mm of surveyed points, falling well within the 50n
prescribed tolerance.

2.2 Points of weaknesslata capture

The @apture of the points of weakness(POW)was undertaken during the survey of the levee
geometry by the second surveyor trained in identifying and surveying tteegeres Further details
about thePOWare provided in Sectio@.

Where the weakness could be defined adiscrete location it was surveyed as a point. In some
cases, a line better represented the weaknefs €xamplea line of trees or a length of levee
affected by wheel ruts), so these were surveyed aslifieatures MostPOWwere attributed with a

code denoting its relative importance in describing the threat of the weakness and another code
describing the position retive to the levee bank.

Where the geometry of the bank resulted in a perceived reduction in the banks structural integrity, a
Cross section was surveyed.

Geotagged photographs were taken of eaPl®Wto provide assistance for engineers assessing the
leveecondition.

2.3 Land tenure

During field survegapture fences were surveyem assist indentifyingland tenure identifying the

location of the levee as inside or outside each privately owned parcel.

¢KS NBad 2F (GKS tFyR (SeddiNSt ALANRYOSam: 63 BRNDAGBS &
AutoCAD.

M:\JOBE®00020992075_LEVEE_AUDIDSOCEREPORT207501R01V01_FINALREPORT.DOCX 7



G

Goulburn Broken CMA @ __ WATER TECHNOLOGY

RuralLevees Assessment _— % ENVIRONMENTAL CONSULTANTS

Initially, 0 KS 5SLI NIYSyld 2F {dadtAgYIolt Wi B NDFRQ 9iIga SIRJ
FdadSyLkia ¢SNB YIRS G2 WFAGQ GKS LI NOSfa G2 ad
unsuccessful athe Vicmap parcel layemwas found to be too inaccurate. Examples of inaccuracies

include incorrect shape, relative distances differing from title by ugQan, different number of

boundaries to title, and general inability to fit a Vicmap parcel in betweerosnding titles, roads,

or the river.

Next, starting with the most inaccurate parcels, several title plans were purchased and their
dimensions keyed into AutoCAD. These titles were positioned and rotated to fit surveyed fencing
with much more success. Adjacent Vicmap titles were attemptette fitted using the accurate
keyedin titles and fencing as reference. Again, this proved unsuccessful due to inaccuracy of the
Vicmap product.

The next step involved purchasing and keying in almost all titles adjacent to the levee (some titles

were not found online). Once all titles were keyed in and placed approximately into position, the

final stage of desktop EE A G 0 f A AKY Sy S@F AR WEEKSYAYyIT NRBUOIGAY
appropriate to expertly achieve a cadastre that more accurate fits mation for the titles affected

by the levee.

CAylLttes GKS tS@SS é6Fa WAYUSNESOUSRQ ¢gAlUK GKS y
contained even the smallest length of levee inside it and which parcels contained no levee. In the
Tenure set 6 plans, the titles were coloured to differentiate between containing levee and not

containing levee. Parcel identifiers are annotated on the plans for each title.

2.4 Results
241 Land tenure

Spatial analysis of the levee crest alignmieas been undertaken to detmine the land tenure using
the corrected private land title boundaried-orthe Murray River leveethe analysisndicates that
43km (37%) of the levees are within private land. For the Goulburn River |ek2ks (49%) of the
levees are within privattand. This has been assessed using the levee crest

2.4.2 Plans

The outputs fromthe surveycomponentsnclude plans prepared in AutoCAD and delivered as native
DWG and Adobe PDF formats. All plans are to scale when plotted at Al sheet size, but legible when
printed as A3, which results in halving scales.

A drawing set was produced for eachtbé followingthree themesincludinga locality planas the
first sheet:

W Topographic Features, including points of weakness, running distances of river and
levee, and \@dmap base data;

W Land Tenure, including parcels coloured according to whether they contain levee,
running distances, and base data; and

W Sections, containing cross sections of the levee including weakness cross sections, and

longitudinal sections.

Plans wergroducedfor the above three themes for each leveection. There ar&6 sectionsalong
the Goulburn River and 12 along the Murray Ri(the levee sections are described further in
Section3. This resulted in 84 plan sets produced, and a total of 408iZedl plan sheets.
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2.4.3 GIS datasets

GIS datasets were provided for the engineering assessmdat.GIS data includes tl3 survey

data of all cross sections, longitadi sections, points and lines of weakness, -tggged and
hyperlinked photos, as well as the adjusted land parcels attributed by Vicmap fields with an
additional field identifying if each parcel contains a levee.

A polygon layer representing the @roundW¥ 22 G LINAY GaQ F2NJ I ff LIXIlIya ¢
hyperlinks to the DWG and PDF plans.

These datasets were supplied as ArcGIS MXD projects with accompanying Shapefiles.

2.5 Key findings / discussion
25.1 Survey

Surveyors working independently, but within adogroximity of each other was an operational
decision that had several benefits, particularly safety, morale, and technical support.

If one surveyor was ahead of the other, he or she surveyed nearby fencing to feed into the land
tenure process or assistede other surveyor in his/her tasks.

For approximately half of the project, quad bikes were used during survey. This enabled surveyors to

OF NNE | RlIe&Qa &adzZllJ ASad o0F22RX 4+ GSNE | YR &adz2NIISE
exhausted and dehydratedit times, however, the quad bikes were deemed inappropriate due to

the number of fences that could only be crossed by climbing over.

At least 90 percent of the project was completed using RéakKinematic (RTK) GPS connected via

mobile phone to Victck I Q& [/ 2y dAydzrffté& hLSNIXGAy3d wSTFSNByOS
LISNDSYy(d 6KSNB Y20AfS LK2yS O2@0SNI 3IS g1 a dzyl O At
station that was set up when required to provide RTK GPS.

At no stage was it required to regao Total Station in order to survey levee banks or points of
weakness. In certain cases, GPS was not available due to tree canopy cover, but this problem was
rectified by surveying nearby instead. For example, if the surveyor was attempting to swsgtpfa

50m interval longitudinal section points, but was unable to due to lack of GPS signal, he or she
would simply walk another few metres backwards or forwards @REsignal was achieved.

The large number gboints of weaknessvas not anticipated por to commencement. In preparing

the surveytask it wasbelieved there may be up to foymoints ofweakness per kilometre. The reality
was closer to 20 surveyed weakness points/lines per kilometre (and significantly more if the number
of vertices in eacline is considered).

As a result of the condition of the levees impacting survey progress, the survey specifications were
relaxed so that the survey team could achieve nearer to the anticipated rate of progresskah 6

per day. ThinkSpatial consulted Wit 2 I 4§ SNJ ¢ SOKy2f 238Qa Sy3IAySSNaE |
interval oflongitudinalsection points froml00m to 500m. As a result, the survey team increased

the progress to, on average, approximately-8.km per day.

25.2 Land Tenure

As expected, the existindigital cadastral basd @I At | 6 f SVicnapGIS dath yedvas
AYlFOOdz2NI 6So ! ySOR2GlItftex AG Aa dzyRSNERG22R GKI
geometric errorsaccumulate away from moré&equently surveyed and populatelbcations An

initial attempt to fits5 { QA0 Y | LI Wt | NOSt Q f{ Wwas SoNSudcessiufigdehelnveré SR TSy
too many unresolved title boundaries with relative discrepancies as well agpreskematic

absolute errors. For example, a Vicmap parcel canyebsiimoved (and rotated) to fit fencing if its

M:\JOBE®00020992075_LEVEE_AUDIDSOCEREPORT207501R01V01_FINALREPORT.DOCX 9
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relative dimensions are accurate, but in many cases, the relative length of a side would disagree with
title plan by up to40m. All titles were purchased online and keyed in manugllf G K 2 dzi dza A y 3
Vicma Parcel layerThe titleboundarieswere then positioned in an absolute sense using surveyed
fencing and relative to each other.

3. LEVELS OF PROTECTION
3.1 Methodology

The leveesvere divided into sections for reporting and mapping as shown in Figtksand3-2.

The sections were assigned by creatifikm long regular sections and then adjusting to start and
stop sections where natural breaks in the system occur. There are 16 sections along the Goulburn
Riverand 12 sectionglong the Murray River. Each sectihas a start and end river chainage and

has been mapped separately in the survey plans.

The crest levelsvere captured by survey (Sectid) and prepared as 30nk shapefiles. From this

data, 1 m points were created along the length and at each point, the crest level and a Water
Surface Elevation (WSE) for each flood event were extracted. Comparison of the levee crest and the
WSE at each point, with an allowanoé 300mm freeboard, was undertaken with each point
assigned a level of protection as per the following tables (T&bleand3-2).

For the Goulburn River levees, the WSE were derived from the Lower Goulburn Floodplain
Rehabilitation Scheme hydraulic nadting study {ater Technology 2Ib).

For the Murray River levees th&SE were derived frora number ofsources. Upstream of the
Barmah Forest (levee sectioristo 6), the Murray RegionaHood Sudy VFD contours (Water
Technology 2012jere used. Downstream of the Barmah Forest (levee sectoms 12), the
BarmahMillewa forest hydrodynamic modellingalibration models for the October 1993 and peak
2010 events (Water Technology &and 2012)were used In addition, the 1975 flood contws in
the VFD were also used. The 1975 evergsigmated to have &0 ¢ 30 year Average Recurrence
Interval AR) at Yarrawonga andocumwal anda 10-20year ARI atBarmah. The 1993 event is
estimated atapproximatelya 30year ARI at Tocumwal anal 10-20 year ARI at Barmah. The 2010
event isestimated at less than ayear ARI.

For the Goulburn River, it should be noted that flood modelling of large floods greater than the 20
year ARI event inherently includes levee failure (based on past observatidns), allows extensive
flooding of adjoining floodplain areadt is understood that given the nature of the lower Goulburn
floodplain and the constriction imposed by the levees, that levee failure will occur in these large
events, but it is unknown exdgtwhere this will happenTherefore, the level oprotection for
events equal to or larger than the 3@ar ARIls uncertain and dependant on levee failuBimilarly

this is the case with thapperMurray River levees.
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Figure3-1 Murray River levee sections
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Figure3-2 Goulburn River levee sections
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Table3-1 Level of protection classification foMurray levees. The gauge heightelates to
the design event water level (WSE) and does not include 83 mm freeboard

Location Assigned Level Gauge Description

of Protection Height(m)

Upstream of Barmall 100 year ARI 9.3 Crest is > 300 mm higher than 100 yz¢
Forest ARIWSE
(reference gauge 50 year ARI 9.0 Crest is > 300 mm higher than 50 ye
Murray ARIWSE
5;?;%020:/\?;geam ° 20 year ARI 8.5 Crest is > 300 mm higher than 20 ye
g ARIWSE
<20year ARI | <8.5 Crest is lower than 20ear ARWSE
1975 8.3 Crest is greater than or equal to tf
1975 WSE (with no freeboard)
Downstream of Barmall 1975 7.53 Crest is higher than the recorded 1975
Forest WSE
(reference gauge 1993 7.37 Crest is > 300 mm higher than tk
Murray River @ modelled 1993 WSE (and not at 19
Tocumwal) LOP)
2010 6.66 Crest is > 300 mm higher than tf
modelled 2010 WSE (and not at 1975
1993 LOP)
<2010 < 6.66 Crest is <= 306m higher or lower thar|
the modelled 2010 WSE

Table3-2 Level of protection classification foGoulburnlevees The reference gauge is
Shepparton? The gauge height relates to the design event water level (WSE) and does not
include the 300 mm freeboard

Assigned Level of Gauge height = Description

Protection (m)

100 year ARI 12.13 Crest is > 300 mm higher than 100 year ARl WSE
50 year ARI 11.89 Crest is > 300 mm higher than 50 year ARl WSE
20 year ARI 11.56 Crest is > 300 mm higher than 20 year YWSIE

10 year ARI 11.22 Crest is > 300 mm higher than 10 year ARl WSE
5 year ARI 10.75 Crest is > 300 mm higher than 5 year ARI WSE

< 5year ARI <10.75 All mapped WSEs overtop the levee

! 2 refer to Section 3.1, paragraph 4 discussion on levee failure and level of protection
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3.2 Results

The Level of Protection (LOP) for each section of Mheray and Goulburnriver levees are
summarised below in the charts presented in FiguBe3 to 3-6 and Tables A and A2 in
AppendixA. The LOP for each levee crest point is shown in Figtifés 3-9.
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Figure3-3 Level of protection of MurrayRiverlevees upstream of Barmah Forest
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Figure3-4 Level of protection of MurrayRiverlevees downstream of Barmah Forest
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Figure 35 Murray River levees compared to 1975 flood levels
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Figure3-6 Level of protection of GoulburiRiverlevees
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The total length of Murrayiver levees with a level of protection below the 1975 level is 67.5 km
This represents 58% of the length of theuivhy River levees surveyed. The distribution of these
sections is shown in FigureS3where it can be observed that significdahgthsalong 8 of the 12
sectionsare below the 1975 level A minimum level has been nominally assigned to each section to
estimate the capital works cost to provide a minimum LOP. This approach has identified over 26.5
km of works with over 80% of this located in Sections 2,3,4 affable 33). This analysis does not
include consideration of the points of weakness data Whias identified discrete points of lower
levee crests and other potential points of weakne&uring flood events overtoppindeaking and
failure is likely to occur in an unpredictable fashion regardless of the nominal minimum Level of
Protection.

Table 3-3 Capital cost estimates for a minimum LOP for the Murray River LeVees
Section Minimum LOP Length of levee < Estimated capital cost to

minimum LOP (m) provide minimum LOP

1 1975 83 $70,409
2 20 year AR 3298 $1,640,316
3 20 year AR 4083 $1,385,006
4 20 year AR 9758 $3,189,582
5 20 year AR 5122 $1,618,745
6 1975 200 $74,078
7 1975 413 $151,934
8 1975 477 $177,147
9 2010 1067 $213,776
10 2010 1997 $492,841
11 2010 53 $16,406
12 2010 119 $28,012
Total 26,670 $9,058,251

®The capital costs are initial estimates only and do not irelptbject management, labour and associated
study and contingency cost$he capital works assume cutting the existing levee and replacing with new fill.
The Volume of the cut is assumed to be the same as the volume of the new fill.
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Works would be required alon@2.2km of the Goulburn Rivefevees to bring all levees up to a
minimum standard level of protectiorof a 5year ARI flood event(8% of the leveeswith an
estimated capital cost of works to bie the order of$6 million. This analysis does not include
consideration of the points of weakness data which has identified discrete points of lower levee
crests and other potential points of weaknesh addition, the Goulburn River levees would need to

be significany modified in order to provide a uniform level of protection (Water Technology 2005).
This is because the levees need to be modified to enable a hydraulically balanced system between
the levee system and its floodplain areas.

Table 34 Capital cost esmates for a minimum LOP for the Goulburn River Levées
Section Minimum LOP Length of levee < Estimated capital cost to

minimum LOP (m) provide minimum LOP

1 5 year AR 788 $492,501
2 5 year AR 1,582 $767,260
3 5 year AR 3,091 $1,593,919
4 5year ARI 610 $343,735
5 5 year AR 713 $372,542
6 5 year AR 50 $18,024
7 5 year AR| 9 $2,724
8 5 year AR| 0 $-

9 5 year AR| 73 $34,245
10 5 year AR 20 $10,724
11 5 year AR| 0 $-

12 5 year AR 815 $379,983
13 5 year AR 1,713 $920,212
14 5 year AR 1,089 $585,101
15 5 year AR 336 $104,940
16 5 year AR 1,283 $358,357
Total 12,172 $5,984,266

* The capital costsra initial estimates only and do not include project management, labour and associated
study and contingency cost$he capital works assume cutting the existing levee and replacing with new fill.
The Volume of the cut is assumed to be the same as thenebf the new fill.
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4. POINTS OF WEAKNESS

Points of weaknes@OW)are defined locations along a levee thato not offerthe same level of
protection or representthe general condition of the leveeTheyare visible featuresffecting the
structure or shape of the levethat may reduce the protection or performance of the levdeoints

of weaknessnay bethe observed effets of natural processesuch asrosionand proximity tothe

river; they mayrelate to manmade activities or infrastructurguch as tacksand pipestraversing

the levee;or biologicalsuch as saplings and tree regeneraticabbit burrowsand wear by lager

animals (cattle or horses for example)

4.1 Prioritisation Methodology
411 Points of Weakness data

POW were identified in the field and captured as either point or linear features. Thidatatad
the basis of the levee condition assessment. In addition éldication of the feature, the POW type
was captured with a threat code, survey informatiphotographand physical surveylhe weakness
types and threats that were identified in the field are listed in Tallésand4-2. Photo examples of
many types idatified in the field are provided in Appendix C.

Table4-1 Point of weaknessypes

Type Feature

Crest Narrow Crest

Culvert Culvert

Erosion Ants Nest
Cracks

Poor Material
Pugging
Rilling

Hole Erosion

Fallen tree
Rabbit Burrow
Sink Hole
Wheel Ruts

LowCrest Road Crossing

Other Recent Works
No Vegetation
Overtopping

Pipe Pipe

River Bank Outside
Straight

Structure Stay

Electricity Supply Pole
Dam

Trees Mature in Bank
Mature in Crest
Sapling in Bank
Sapling in Crest
Stump in Bank

Other (eg.Root)
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Table4-2 Point of weakness threat table
PowTheat

Minor to moderate potential
High to very high potential
Moderate (current)

High current (current)

Very high (current)

41.2 Risk Assessment

A risk based approach is commonly used as a meanmiority setting and planning of stream
management programs and projects. Risknagement isterm applied to a logical and systematic
method of establishing the context, identifying, analysing, evaluating, treating, monitoring and
communicating the gks associated with any activity, function or process in a way that will enable
organisations to minimise &ses and maximise opportuniti€Standards Australia, 2004Risk is
identified by Standards Australi#2004) as the product of the likelihood and consequence of an
event impacting on an asset or objectives Auch Riskmanagementis as much about identifying
opportunities as avoiding and mitigag losses.

As this current investigation is associated witle condition of existing levees risk assessment
process has been adopted to suit the requirements of the project. The following sections outline
how a risk assessment based priority setting methodolbgy beenapplied. The risk assessment
assists with the identification and analysis of priority issues and processesuie management.

4.1.3 Consequence of failure

Consequences of levee failure, datened by aerial photograph and LIDAR DEM interpretation were
assigned in accordance with the ratings and descriptions provided in Z8bl€he minor, moderate
FYR YI22NJ Of FaasSa KIFI@S 0SSy FTR2LIWGSR FNRBY. (KS
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Table4-3 Consequence table

Rating Class Description
1 Insignificant | Causes no inconvenience
2 Minor Causes inconvenience. Ldying areas next to watercourses are

inundated which may require the removal of stock and equipmer
Minor roads may belosed and lowevel bridges submerged.

3 Moderate In addition to the above, the evacuation of less than 5 houses m;
be required. Main traffic routes may be covered. The area of
inundation is substantial in rural areas requiring the removal of
stock.

4 Major In addition to the above, extensive rural areas and/or urban area
are inundated. Properties and towns are likely to be isolated and
major traffic routes likely to be closed. Evacuation of people from
flood affected areas may be required. Floodindpoildings above
floor level is likely.

5 Catastrophic | House/s within 50 m of levee where sudden and unexpected levg
failure poses a risk to life.

A GIS data set was developed for consequence and all points of weakness were assigned a
consequenceating.

414 Likelihood of failure

The likelihood of levee failure due to a point of weakness was assessed for each point of weakness
feature listed in Tabld-1. It was not possible to assess individB@Wdue to the large number of
locationscollected during the surveylhe likelihood of failure assessment estimated the likelihood

of failure of a POW classification rather than individual POW featUreisallowed a standardised

rapid assessment.

The relative likelihood of failure for each aless combination was determined in accordance with
the ratings and descriptions provided in Tadld. The likelihood of levee failure due to a point of
weakness assumed a planning horizor20fyears and an imminent failure water level 0mm

below the existing crest level (as defined in the standardised levee assessment method). This
assessment is quite subjective as it requires an estimate of both the likelihood of a flood event
occurring and also a judgement on the likelihood of failure of a poiniveakness. As such it is
suggested that this assessment be used for relagvierity-setting purposes rather thamas an
absolutemeasure of the likelihood @ particularPOWfeature failing.

Table4-4 Likelihood of levee failure table, assessed foro&ledP OWcombination

Rating  Likelihood Description
A Almost certain | Almost certain that impact will occur in the planning horizon
B Likely Likely that impact will occur within the planning horizon
C Moderate Moderate likelihood that impact will occuvithin the planning horizon
D Unlikely Unlikely that the impact will occur within the planning horizon
E Rare Rare that impact will occur within the planning horizon.
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415 Risk Matrix

Risk profilesvere developed by assigning scores to the consequence and likeltadiogs The risk
profile wasdetermined by applying the scores to a risk matrix as showirabie4-5. The definition
of each risk profile ithen summarised ifmmable4-6.

Table4-5 RiskMatrix

Consequence of Failure

Likelihood ofFailure 1 2 3 4 5
due to POW Insignificant ~ Minor Moderate Major ~ Catastrophic

Almost certain

Likely

Moderate

Unlikely Medium

Rare Medium
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Table4-6 Risk profile definition

Risk Profile Definition

Low A level of risk that is low armhn bemanaged.

Medium As low as reasofdy practical (actions are required teducerisk).

High Major risk requiring intervention to reduce risk.

Extreme Intolerable risk requiring highest priority (immediate) attention.
4.2 Results
4.2.1 Risk analysis

The risk assessment for each feature is summarised by sections for the MRivaylevees
(Figure4-1) and for the GoulburRiver évees (Figurd-2). Summary tables of the data are provided

in Appendix ATables A3 and Ad4. It should be noted that some POW occur instérs that could
change the risk profile for that section of levee, i.e. twmmbined risk of multiple POW in close
proximity to each other may be different to the sum of individual POW ridkweverthis study has
considered each POW separately and has not considered the cumulative risk as each site would
require a separate ingigation which is beyond the scope of this study.
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Figure4-1 Points ofweakness risk analysis for MurraRiver evees
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Figure4-2 Points ofweakness risk analysis fddoulburnRiver bvees

4.2.2 Priority Points of Weakness

The priority POW sites were selected as the sites with either an extreme or high risk rating. Sites
identified with extreme or high risk generally correspond with areas where a breach has occurred in
the past and it has been repaired or where there isstidite site with a low crest. Of the more than
3,000 POWsites identified in the field131 sites andapproximatelyl km of linear features have

been ranked as extreme or high risk:

91 48sitesfor the Murray River leveesnd
I 83sites and43m for the Goullirn River levees

The distribution of the POW sites and linear features are shown in Figriesd4-4.

The priority points occur on levees within private and public land. The breakdown obsifs/ate
land isas follows:

1 14 extreme or high risk si¢eare situated on private land for the Murray River leve88«df
high priority sites); and

1 29 extreme or high risk sites are situated on private land for the Goulburn River levees (35%
of high priority sites).

Table 47 Summary of location of extremeral high risk sites

Levee system Number within Private land Number within Public Land
Murray River 14 34
Goulburn River 29 54
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o. COSTING
5.1 Methodology

Indicative cost estimates were prepared for each of the prioritised sites and sections ofnbeee

works were deemed necessaty bring the levee up to a consistent standard of protecti@he cost
SadAaYlFiSa KIFE@S 0SSy LINBLINBR gAGKAY (GKS O2yGSE
have been derived from the survey information and phgraphs collected at the time of survey.

Whilst the levee survey information and associated photographs are quite detailed, the magnitude

of each individual prioritPOWcan be difficult to discern from the available information. As such the

cost estimatesre considered preliminary only and should be confirmed or refined with detailed site

visits and survey.

The nominated works activities associated with the prioritised sites and sections of deke
indicative cost estimates have been broadly identifeexieither crest maintenance works or levee
replacement works. Tree removal works have also been identified where it was considered
necessary to undertake the crest maintenance or levee replacement works. The nominated works
have been based on identified wknesses in the levee system, not wholesale improvements to an
entire length oflevee. The indicativeost estimates assumed that the nominated works activities
would involve the maintenance and/or replacement of a conventional earth bank |&ee cost
estimates did not take into account cost efficiencies associated adtiressing nospriority issues
within close proximity tgoriority sites/sections.

The cost estimate process involved approximating a volume andfptan area for each of the
prioritised sites and sections of levee, as providedppendix A (Tables-B.and A6). This process
involved approximating a length and height of maintenance/repair works derived from the survey
information and photographs collected at the time of survey. The veluand plarform area
estimates assumed batter slopes of 2.5(H):1(V) and a crest widtmofQost estimate$or each
priority site and sections of levehave been based on unit cogtsovided inTable5-1. The works
activities identified inTable5-1 have been selected based on the design and construction
considerations detailechiDepartment of Natural Resources and Environment (2002). The unit rates
identified in were determined with consideration of:

f aStoz2d2NYyS 21 GSNR& adFyRIFINR NFXidSa TFT2NJ SIFENIKg2N]
1 Rawlinson®dAustralian Construction Handbook Rates

9 Comparison to cost estimates for similar mitigation works prepared by Water Technology
comparable geographic regions

Table5-1 Works unit costs

Item Unit \ Rate\
Excavation $/m3 10
Fill $/m3 25
Top Soil $/m2 17
Grassing $/m3 1
Labour $/hour 80
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5.2 Results

A summary of the costs for the priority sites is provided below, with more detail provided in
Appendix A (TablesBand A6). The works required assigned to the priority sites include:

1 Replace levee section

1 Crest Maintenance

1 Construct new levesection (where the levee appears to be missing)
91 Treeremoval

Initial and annual maintenance costs are presented in Tablke dlowing 6r contingency and
planning costs and annual maintenance for the work#\ 40% contingency cost has been added
along with an annual maintenance cost of 1.5%.

Table 52 Summaryof estimated costsof priority works

ltem Description Murray River GoulburnRiver

A Capital cost $243,326
B Engineering Fee @ 15% of A $36,499 $184,641
C Cultural Heritage @ 5% of A $12,166 $61,547
D Administration Fee @ 9% of (A+B+C) $26,279 $132,941
E Contingency @ 40% of A $97,330 $492,378

TOTAL $415,601 $2,102,452

Annual Maintenance @ 1.5% of A $3,650 $18,464

The priority works andapital costsare not evenly distributed across the levees as shown in Figures
5-1 ard 5-2. The priority levee sections in terms cdpital costs are Sections 3 and2 of the
Gaulburn River levees and Sectionsdfthe Murray River levees.

$350,000

$300,000

$250,000

$200,000

$150,000 m Total cost

$100,000

$50,000 I I
$0 | E— T

1 2 3 4 5 6 7 8 9 10 11 12
Leveesection

Figure 51 Summary otapital costs for priority works per section for the Murray River levees
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Figure 52 Summary ofcapital costs for priority works per section for the GoulbutRiver levees
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6. CONCLUSICSNAND RECOMMENDATEON
6.1 Limitations

There are a number of assumptions and limitations that shouldrmerstoodwhen considering the
outputs of this study as follows:

1 No geotechnicalanalysisof the POW ha been undertaken. Further analysshould be
considered prior to any significant repair or maintenance works on the system.

1 The grading of levees in this project was by visual assessment with no penetrative tests
carried out. Potential levee performancesigs such as leaking or piping failure as a result of
poor construction techniques or materials are not able to be clearly identified by this
process.

91 Due tosignificantextent of levees surveyed in thigroject, the analysis of each individual
site should only be considered preliminary, with associat@adicative costings and
identification ofpriority areas

9 The mapping in this project doestnprovide a definitivelist of where and when the levees
will fail but rather a sound basis for identifyimglative risksand priorities for future actions.

1 The ostings provided in this report should be considerediadicative

6.2 Conclusions

The information on land tenure along the levees provides a clear understanding of where these
assets are located and highlighte challenges of developing future maintenance agreements.

The results show in genertiat the level of protectionand condition of the levees both on the
Goulburn and Murray Rivers is inconsistent along their length. This may be due to inconsistencies
their design and construction and/or due to differential deterioration over time. Whatever the
reason it is cleathat a large flood on the Goulburn River and/or River Murray would be likely to
produce very uncertain results in terms of the performaméehe levee system. Overtopping and
failure is likely to occur in an unpredictable fashion, leading to difficulties in flood response and
management.

Overall the results suggest thah the GoulburrRiver,the left (south)bank levee igenerallylower

than the opposite(north) side. This would indicate that during a large flptel/ee failure to the
south may be more likely than to the north. If thisnist the intention of the levee scheméhen

perhaps a faireputcomewould be to raise the height dhe south levee to be sitair to that of the
north levee.

Whilst not part of this study, it is anecdotally understood that the NSW levees along the River
Murray are generally of a higher performance standard than the Victorian ones. Hence the location
of overtopping of the River Murray levee can be deduced by comparing the performance level
longitudinally. The results for the River Murray levees suggest that the section downstream of
Barham Forest generally has a lower level of protection than upstreararofd?.

6.3 Recommendations

Whilst inconsistencies have been identified in tleedl of performance exhibited by the levees
throughout the study area, it would be a significant undertaking to upgrade the system to achieve a
uniform level of performance-or theMurray River levees, costs have been presented to bring the
levees up to a consistent level of protectifom each sectionhowever unintended results are likely if

the system is not upgraded in its entiretyr the case of the Goulburn Rivetosts havebeen
presented to bring each section up to a minimum 5 year ARI level howevézvees would need to

be significantly modifieeh order toprovide a uniform level of protection (Water Technology 2005).
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This is because the levees need to be modifiedrtabde a hydraulically balanced system between
the levee system and its floodplain areas. This has been explored in the floodplain rehabilitation
program study (Water Technology 2005).

A prioritised program of works to address the identified areas dfifidignt weakness and greatest
risk may be a more efficient use of any resources that may become available in the future.

Further t may be desirable to develop a minimum standard of performance to avoid failure of some
levees at a relatively low threshotmpared to the rest of the system.

The results of this study could be used to develop a pilot maintenance program to address some of
the highlighted areas of greatest risk private and public landDutcomes of such a program could
prove valuable in agssing the broader requirements of a systande approach to maintaining the
levee system.

In order to gain a better understanding of the lotegm trajectory of the levee system and the
impact of erosion, weathering and wear processes, a limited mongoprogram could also be
considered, with repeat surveys at fixed locations along with photos to record any changes over
time. These results could be extrapolated over the system to provide a better understanding of the
longterm maintenance requirements dfie levee system.
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TableA-1 Murray River bvees:assigned standardievel ofprotection.

Level of protection | Length (m) | Percentage of section

100 year ARI 6040
50year ARI 2496 29
20year ARI 114 1
2 100yearARI 2871 27
50year ARI 3586 34
20year ARI 770 7
< 20year ARI 3298 31
3 20year ARI 3 0
< 20year ARI 4083 100
4 100year ARI 3773 25
50year ARI 468 3
20year ARI 1121 7
< 20year ARI 9758 65
5 100year ARI 653 6
50yearARI 1843 16
20year ARI 4145 35
< 20year ARl 5122 44
6 100year ARI 2016 20
50year ARI 195 2
20year ARI 1444 14
< 20year ARI 98 1
6 1975 6442 62
1993 0 0
2010 66 1
<2010 29 <1
7 1975 9873 96
1993 9 <1
2010 23 <1
<2010 381 4
8 1975 8310 95
1993 154 2
2010 199 2
<2010 124 1
9 1975 4161 35
1993 1573 13
2010 5061 43
<2010 1067 9
10 1975 82 <1
1993 5183 50
2010 3048 30
<2010 1997 19
11 1975 377 5
1993 1818 23
2010 5642 72
<2010 53 1
12 1975 4630 43
1993 0 0
2010 6065 56
<2010 119 1
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Table A2 Goulburn Rivetevees:assigned standardevel of protection.

Section

100year ARI

50year ARI
20year ARI
10year ARI

Syear ARI
< Syear ARI
100year ARI
20year ARI
10year ARI

Syear ARI
< Syear ARI
100year ARI
50year ARI
20year ARI
10year ARI

Syear ARI
< byear ARI
100year ARI
50year ARI
20year ARI
10year ARI

Syear ARI
< byear ARI
100year ARI
50year ARI
20year ARI

Syear ARI
< Syear ARI
100year ARI
50year ARI
20year ARI
10year ARI

Syear ARI
< byear ARI
100year ARI
50year ARI
20year ARI
10year ARI

Syear ARI
< Syear ARI
100year ARI
50year ARI
20year ARI
100year ARI
50year ARI

Level of protection Length (m)

870

432
2843
724
4353
788
3334
619
187
4279
1582
2523
226
1086
704
4005
3091
639
112
885
1752
4416
610
3981
730
3095
1482
713
3277
798
1438
186
526
50
4596
1378
244
13
13

9
5312
1589
1023
1187
1410

Percentage of section
9

4
28
7
43
8
33
6
2
43
16
22
2
9
6
34
27
8
1
11
21
52
7
40
7
31
15
7
52
13
23
3
8
1
74
22
4
<1
<1
<1l
67
20
13
33
39

M:\JOB®00020992075_LEVEE_AUDIDSOCEREPORT207501R01V01_FINALREPORT.DOCX

39



Goulburn Broken CMA %WATER TECHNOLOGY

Rural Levees Assessment B VWATER, COASTAL & ENVIRONMENTAL CONSULTANTS
20year ARI 887 24
10year ARI 80 2
S5year ARI 15 <1
< Syear ARI 73 2
100year ARI 6632 66
50year ARI 1281 13
20year ARI 1177 12
10year ARI 153 2
Syear ARI 758 8
< Syear ARI 20 <1
100year ARI 6376 72
50year ARI 383 4
20year ARI 556 6
10year ARI 355 4
Syear ARI 1202 14
100year ARI 8593 77
20year ARI 404 4
10year ARI 367 3
Syear ARI 954 9
< byear ARI 815 7
100year ARI 5021 46
50year ARI 50 <1
20year ARI 969 9
10year ARI 258 2
Syear ARI 3011 27
< byear ARI 1713 16
100year ARI 8497 66
50year ARI 693 5
20year ARI 1256 10
10year ARI 333 3
Syear ARI 919 7
< byear ARI 1089 9
l 100year ARI 379 4
50year ARI 1413 14
20year ARI 3416 33
10year ARI 1954 19
5Syear ARI 2914 28
< Syear ARI 336 3
100year ARI 1460 27
50year ARI 385 7
20year ARI 1563 28
10year ARI 421 8
Syear ARI 384 7
< Syear ARI 1283 23
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Table A3 Summary opoints of weakness risk analysis for the Murray River levees

Note: due to overlapping linear features, lengths reported may exceed length of actual levee. For
example for a length of levee, two weaknesses have been reported: Erosion due to rilling and
maturetrees in bank.

Low 45 2,266
- Medium 6 -
Low 118 6,166
Medium 7 -
High 2 -
Low 28 553
- Medium 2 9
Low 165 1,982
Medium 7 276
High 6 -
Low 174 1,135
Medium 21 231
High 8 -
Low 135 1,123
Medium 8 44
High 5 -
Extreme 4 -
Low 164 3,270
Medium 8 73
High 7 -
Extreme 1 -
Low 91 2,085
- Medium 4 -
Low 136 10590
Medium 9 -
High 6 -
Low 78 11,706
Low 64 4,413
Medium 7 146
High 4 -
Low 105 2,426
Medium 17 675
High 0 -
Extreme 0 -
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TableA-4 Summary opoints of weakness risk analysis for the Goulburn River levees

Low 66

Section

Medium
High
Low
Medium
High
Low
Medium
High
Low
Medium
High
Low
Medium
High
Low
Medium
High
Low
Medium
High
Extreme
Low
Medium
High
Extreme
Low
Medium
High
Low
Medium
High
Extreme
Low
Medium
High
Low
Medium
High

10
2
98
18
1
108
16
7
94
1

5
71
7

4
78
18
1
23
27
4

2
117
16
4

2
35
16
1
87
29
9

3
116
11
14
171
8

8

Length of linear features
()

5,485
478
1,930
154
10834
150
327
5,307

3,555
389

1,45
84

3842
1,588
25
)
4,125
686

1,337
395

3,300
2,137

37
6,530
22
130
8,670

308
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Risk Number of sites Length of linear features
Section (m)

5,313

Medlum 30 2
High 11 57
Low 199 4282
Medium 19 -
High 3 -
Low 64 5,456
Medium 7 1,275
High 2 -
Low 21 3,664
Medium 1 419

Note: due to overlapping linear features, lengths reported may exceed length of actual levee. For

example for a length of levee, two weaknessesgy have been reported: Erosion due to rilling and
Mature trees in bank.
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Table A5 Costing of works for priority sites for théurray levees

Section Points of weakness Linear features of weaknesy Total cost

1

e 2 $4,378 $4,378
3 -
4 6 $19,608 $19,608
| 5] 8 $32,626 $32,626
6 9 $34,838 $34,838
v 8 $59,009 $59,009
8 :
9 6 $23,008 $23,008
10 5 $19,406 $19,406
1 4 $50,453 $50,453
12

Table A6 Costingof works for priority sites for the Goulburn levees

Total cost

T 2 $10,111 $10,111
2 1 $2,907 $2,907
s 7 $19,950 327  $254520  $274,470
4 5 $17,442 $17,442
5 4 $23,769 $23,769
6 1 $8,721 $8,721
R 6 $62,037 59 $29,692 $91,729
8 6 $30,990 $30,990
9 1 $1,471 $1,471
10 12 $46,443 37 $18,097 $64,540
11 14 $49,254 130  $124298  $173552
12 8 $87,992 308  $250,498  $338,490
s 11 $115,682 57 $51,032  $166,714
14 3 $11,628 $11,628
15 2 $14,408 $14,408
IS :
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Levee system Murray River Section: 1 Length:8.650km
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Levee system Murray River Section: 1 Length:8.650km
Level of protection summary Points of weakness summary
Level of protection Length (m) % No. sites Length(m)
100 year AR 6,040 70 Extreme - -
High - -
50 year AR 2,496 29 -
Medium 6 -
20 year AR 114 1 Low 45 2,266

Crest comparison to 1975 level

Level of protection Length (m) %
1975 or above 8,567 99
Below 1975 83 1
Comment:

There areno high prioritypoints of weakness identifiddr this section, however, works of < 100 m may be undertaken to bring the level of protection up to
at least the 1975 level.
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Levee system Murray River Section:2
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Levee system Murray River Section: 2 Length:10.525km
Level of protection summary Points of weakness summary
Level of protection Length (m) % Risk No. sites Length(m)
100 year AR 2,871 27 Extreme ] ]
50 year AR 3,586 34 High 2 -
20 year AR 770 7 Medium 7 -
< 20 year AR 3,298 31 Low 118 6,166

Crest comparison to 1975 level

Level of protection Length (m) %
1975 or above 4,027 38
Below 1975 6,498 62

Comment:

Significant works are requirdd bring the standard Level of Protection of théxtionup to a20yearARI level of protectioar greater with works required
along> 3 kn oflevee. In addition, this study has identifi@tiscrete points of wdaness thatre a priority forworks and the indicative cost for these works
is~$5,000.
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Levee system Murray River Section: 3 Length:4.086km
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Levee system: Murray River Section: 3 Length 4.086km
Level of protection summary Points of weakness summary
Level of protection Length (m) Risk No. sites Length(m)
20 year AR 3 <1 Extreme - -
< 20 year AR 4083 100 High - -
Medium 2 9
Low 28 553

Crest comparison to 197kvel

Level of protection Length (m) %

1975 or above - -

Below 1975 4,086 100

Comment:
There areno high prioritypoints of weakness identifiddr this section, and it is difficult to ascertain the standard level of protection for this sectevee$
as it is largely below the 20 year ARI and the 1975 level.
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Levee system Murray River Section: 4
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Levee system Murray River Section: 4 Length:15.120km
Level ofprotection summary Points of weakness summary
Level of protection Length (m) % Risk No. sites Length(m)
100 year AR 3,773 25 Extreme - -
50 year AR 468 3 High 6 -
20 year AR 1,121 7 Medium 7 276
< 20 year AR 9,758 65 Low 165 1,982

Crest comparison to 1975 level

Level of protection Length (m) %
1975 or above 3,327 22
Below 1975 11,793 78
Comment:

Extensive works are requiréalbring the standard Level of Protection of théstionup to a20yearARI or 1975 level of protectian greater works required
along~ 10 kn oflevee. In addition, this study has identifiédiscrete points of weakness thate a priority foworks and the indicative cost for these
worksisin the order of $20,000.
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Levee system Murray River

Section: 5

Length:11.763km
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Levee system Murray River Section: 5 Length:11.763km
Level of protection summary Points of weakness summary
Level of protection Length (m) % Risk No. sites Length(m)
100 year AR 653 6 Extreme - -
50 year AR 1,843 16 High 8 -
20 year AR 4,145 35 Medium 21 231
< 20 year AR 5,122 44 Low 174 1135

Crest comparison to 1975 level

Level of protection Length (m) %
1975 or above 1,224 10
Below 1975 10,539 90
Comment:

This section of level is largely below the 1975 level. Extensive works are ragbiiad the standard Level of Protection of théstionup to a20yearARI
level of protectioror greater with works required aloreb kn oflevee. In addition, this study has identifi@tiscrete points of weakness thate a priority
for works and the indicative cost for these woiks-$30,000
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Levee system Murray River Section: 6

Length:3.753km
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