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Executive summary
GHD has been commissioned by Mount Alexander Shire Council to carry out an investigation of
the existing Newstead Levee which predominantly runs to the east of the Loddon River and is
approximately 1400 m long.
It is understood that the levee was originally constructed in the 1920s but has undergone adhoc repairs and upgrades over the decades. Flood events in 2010 and 2011 caused breaches
in the southern section of the levee, raising concern about the integrity and the long term
adequacy of the structure.
The purpose of this investigation is to document the condition and subsurface profile of the
levee and determine the level of flood protection the levee currently provides to the Newstead
township.
For the purpose of the condition assessment the levee alignment was divided into the following
three sections:
Southern section: chainage 0 to 250 m
Middle section: chainage 250 m to 537 m
Northern section: chainage 537 m to 1429 m
Classification and Land Tenure
The Newstead levee can be described as a permanent earthern embankment levee and
classified as a Public Urban Levee. A review of land tenure information was not completed as
part of this investigation, however based upon online property search information
(www.land.vic.gov.au) the full extent of the levee does not appear to be defined by land parcels.
The northern section appears to be associated with land zoned part of Laynard and Adair
Streets. The middle and southern section of the levee is not fully defined by property tenure
and subject to further tenure review appears to be located on various parcels of land, including
private property. Therefore the middle and southern sections could be classified as a Private
Urban Levee.
Geotechnical Investigations
The investigation works incorporated a geotechnical desktop review of available information
relating to the Newstead levee, which provided an understanding of the geological setting within
which the levee is founded. The review identified the gaps in information regarding the levee
which the subsequent stages of this investigation were able to target.
On the 7th May 2014, a site inspection of the Newstead levee was carried out by GHD. During
the visual inspection, the overall levee profile and condition was rated with areas of potential
geotechnical weakness within the levee structure recorded. The inspection included a site
meeting with Council representative Troy Telford who provided a brief history on the levee and
annecdotal information about the performance of the levee during the 2010 and 2011 flood
events.
Following the site inspection, a geotechnical site investigation was carried out to ascertain the
subsurface profile at different sections along the embankment. A program consisting of cone
penetration tests (CPT), hand-augered boreholes and dynamic cone penetrometer (DCP) tests
were carried out on the 20th May 2014.
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Level of Flood Protection
From the anecdotal evidence provided to GHD the levee did not overtop in the November 2010
event but did start to overtop in the January 2011 event along the sourthern section. This
indicates that the current levee protects the town from an event greater than the November
2010 event but less than the January 2011 event.
The November 2010 event was approximately a 1 in 35 AEP event and the January 2011 event
was approximately a 1 in 80 AEP event. It is estimated that the levee currently protects the
town for an event up to the 1 in 50 AEP event.
It is worth noting that the southern section of the levee has less protection than the middle and
northern sections.
From the anecdotal evidence it appears that a variable freeboard height is maintained along the
levee. General engineering practice is to provide a minimum freeboard allowance in urban
areas of 600 mm and based on the 2011 flood observations by Council it appears these levels
were only maintained along the northern section, principally north of the Pyrenees Highway.
Condition Assessment
The table below summarises the findings of the Newstead Levee investigation:

Condition

Summary of 2014 assessment findings

Levee Category

Permanent Earthern Embankment
Public Urban Levee (Mount Alexander Shire Council)
Based on property search information (and subject to further land tenure
review) the middle and southern section could be categorised as Private
Urban Levee.

Levee
Classification

Previous assessments have identified the levee as non-critical.

Land Tenure

The middle and southern sections of the levee appear to be constructed on
private (freehold) land.

In accordance with the Guidelines (2015) the levee is deemed as having a
High Hazard Potential Classification

A review of land tenure is recommended to ascertain ownership and
maintenance responsibility in accordance with the Guidelines (2015).
Flood Level of
Protection

It is estimated that the levee currently protects the town for an event up to
the 1 in 50 AEP event, influenced by the southern section which has less
protection than the middle and northern sections.
Various freeboard heights exist along the alignment.

Levee extent

The Newstead Levee is approximately 1400 m in length. The levee begins
at the southern end of Layard Street and largely runs parallel with Layard
Street northwards before reaching the Pyrenees Highway. North of the
highway, the levee continues in a north-west direction until making an
eastward bend at Adair Street.
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Geological setting

Geological references indicate the levee is founded within alluvial
sediments (Qra) and the Quaternary aged Newer Volcanics (Qvn).
Geotechnical investigations confirm the presence of alluvial materials within
the levee embankments and its foundation, with the presence of sand and
gravel lenses in the levee foundation.
It is considered necessary to use or maintain a core trench and or clay core
within the levee to provide a suitable cut-off arrangement for the levee
based on these foundation conditions.

Levee Profile

The levee profile was found to vary along the length of the levee. The levee
crest width varying from 0.3 m to 6.5 m and the height of the overall
embankment varying from 0.95 m to 2.2 m. The embankment profile was
observed to be highest and widest in the northern section and become
lower and narrower within the southern levee section.

General Levee
Condition

The results of the intrusive fieldwork indicates that the levee embankment
was originally constructed using locally sourced alluvium (silty sand and
gravel) and clay soils.
Laboratory testing reveal moderate to low potential for dispersion of the
embankment fill material.
The northern section is considered to be in a good condition with
appropriate construction by use of a wider crest, and/or flatter batter slopes
based on the materials. One area surrounding significant vegetation
towards its southern extent requires further assessment and potential
remediation.
The middle section is considered to be in fair condition with areas of
potential weakness identified. The variable profile, especially reduced crest
width and steeper batter slopes than the northern section reduces the
overall condition of this section.
The southern section is considered to be in very poor condition and does
not meet good engineering practice or the associated levee design
guidelines. The section has identified areas of weakness within its
foundation, and evidence of failure. The section has a narrow and variable
crest profile with steep embankment slopes which are not recommended
for the type of constructed materials.

Presence of
vegetation

Frequent presence of tree growth within or near the embankment may
cause weakness within the embankment levee and potentially contribute to
failure.

Structures

The flood gate structure off Adair Street is in working order, however parts
of the structure require remedial works. Consideration should be given to
establishing a pump operated system to move internal flood water onto the
riverine environment and replacement of the exisiting structure.

Maintenance

The review has identified that maintenance is occurring on the levee,
however several deficiencies concerning information and general levee
management were identified.
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RECOMMENDATIONS
The following recommendations are made in the report:


Undertake a review of land tenure information associated with the full levee alignment.



A risk assessment should be carried out to determine the levee classification and review
the design standard requirements for future upgrades, including the desired level of
protection.



Council to develop a formal inspection and maintenance program for the levee to capture
information pertaining to operation and maintenance activity. This information can be
reviewed annually and should be able to be found in a timely manner during flood events
as in accordance with the Guidelines.



The southern section (between 0 and 250 m chainage) should be considered for
immediate upgrade to reduce the risk of failure and increase the flood protection level.
The upgrade should consider the associated land tenure and review of the alignment and
associated desired flood level of protection.



Remedial options should be considered for the areas of weakness identified.



Young tree saplings to be removed from within the embankments with consideration
given to remedial options for larger trees within or close to the embankments.



Minor structural repairs to flood gate, with consideration for permanent pumping during
peak flood events.
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1.

Introduction
GHD has been commissioned by Mount Alexander Shire Council to carry out an investigation of
the existing Newstead Levee. The levee runs to the east of the Loddon River which bisects the
Newstead township. The levee is approximately 1400 m long and begins at the southern end of
Layard Street and largely runs parallel with Layard Street northwards before reaching the
Pyrenees Highway. North of the highway, the levee continues in a north-west direction until
making an eastward bend at Adair Street.
It is understood that the levee was originally constructed in the 1920s but has undergone adhoc repairs and upgrades over the decades. Flood events in 2010 and 2011 caused breaches
in the southern section of the levee, raising concern about the integrity and the long term
adequacy of the structure.
A previous condition assessment of the Newstead levee was carried out in 2012 by SKM as part
of a state wide levee inspection program. From that inspection, the levee was classified as noncritical.
The purpose of this investigation is to document the condition and subsurface profile of the
levee and determine the level of flood protection the levee currently provides to the Newstead
township.
The investigation and overall condition assessment and recommendations are made with
reference to the Levee Management Guidelines (2015) (the Guidelines) recently released by
The State of Victoria Department of Environment, Land, Water and Planning. The Guidelines
supersede the “Levee design, construction and maintenance” document, issued by DSE in 2002
and provide guidance for the whole life cycle management of various types of levees, such as
permanent earthen embankments, concrete walls and demountable and temporary structures,
and covers design, construction, maintenance, and renewal or decommissioning aspects.

1.1

Purpose of this report

This report summarises the findings of the geotechnical investigation, the hydrology analysis
and provides recommendations for improvements to the levee resulting from GHD’s findings.

1.2

Scope and limitations

This report: has been prepared by GHD for Mount Alexander Shire and may only be used and
relied on by Mount Alexander Shire for the purpose agreed between GHD and the Mount
Alexander Shire as set out in section 1.1 of this report.
GHD otherwise disclaims responsibility to any person other than Mount Alexander Shire arising
in connection with this report. GHD also excludes implied warranties and conditions, to the
extent legally permissible.
The services undertaken by GHD in connection with preparing this report were limited to those
specifically detailed in the report and are subject to the scope limitations set out in the report.
The opinions, conclusions and any recommendations in this report are based on conditions
encountered and information reviewed at the date of preparation of the report. GHD has no
responsibility or obligation to update this report to account for events or changes occurring
subsequent to the date that the report was prepared.
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The opinions, conclusions and any recommendations in this report are based on information
obtained from, and testing undertaken at or in connection with, specific sample points. Site
conditions at other parts of the site may be different from the site conditions found at the specific
sample points.
Investigations undertaken in respect of this report are constrained by the particular site
conditions, such as the location of structures, services and vegetation. As a result, not all
relevant site features and conditions may have been identified in this report.
Site conditions (including the internal integrity of the levee) may change after the date of this
Report. GHD does not accept responsibility arising from, or in connection with, any change to
the site conditions. GHD is also not responsible for updating this report if the site conditions
change.
The opinions, conclusions and any recommendations in this report are based on assumptions
made by GHD described in this report (refer section 1.3 of this report). GHD disclaims liability
arising from any of the assumptions being incorrect.
GHD has prepared this report on the basis of information provided by Mount Alexander Shire
and others who provided information to GHD (including Government authorities), which GHD
has not independently verified or checked beyond the agreed scope of work. GHD does not
accept liability in connection with such unverified information, including errors and omissions in
the report which were caused by errors or omissions in that information.

1.3

Assumptions

The following assumptions have been adopted during the levee investigation and for the
preparation of this report:


The subsurface conditions of the levee have been inferred from results obtained from
the current geotechnical investigation. The testing was carried out at select locations
along the levee embankment and extrapolation of results was required to create profiles
representative of the levee embankment. Vertical and horizontal variability of the
subsurface conditions should be expected.



The anecdotal information provided by Council in respect to the 2010 and 2011 flood
events are a true reflection of the flood events and associated works undertaken.
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2.

Geotechnical Data Review and Visual
Inspection
2.1

Data review

An initial desktop review of the Newstead levee was carried out, drawing on existing information
provided to GHD. The purpose of the data review is to determine the general geological
condition of the levee site which would form an initial understanding of the levee structure and
identify gaps in knowledge to guide subsequent field investigations.
The following sources of information was used during the levee assessment:


Geological Survey of Victoria, Melbourne Map Sheet (1997), Scale 1:250 000



Mount Alexander Shire Council (2012), Plan and longitudinal as-built survey drawings
of the Newstead Levee, including an annotated copy with notes indicating sections of
the levee maintained by the council.



Sinclair Knight Merz (2012), Urban Levee Assessment Report



LIDAR topographic survey of the Newstead area

The chainage along the levee used on the Mount Alexander Shire Council survey drawing has
been adopted throughout this investigation report when referring to features at a specific
location or section along the levee alignment.

2.2

Classification and land tenure

The Newstead levee can be described as a permanent earthern embankment levee and
classified as a Public Urban Levee. A review of land tenure information was not completed as
part of this investigation, however based on online property search information
(www.land.vic.gov.au) the full extent of the levee does not appear to be defined by land parcels.
The northern section of the levee appears to be associated with land zoned part of Laynard and
Adair Streets. The middle and southern section of the levee is not fully defined by property
tenure and subject to further review appear to be located on various parcels of land, including
private property and therefore could be classtified as a Private Urban Levee.
2.2.1

Guidelines classification

According to the Guidelines, the levee has a High Hazard Potential Classification, based on the
consequence of failure being damage and loss to urban areas.

2.3

Regional geology

The Melbourne geological map sheet (scale 1:250 000) indicates that the Newstead Levee is
predominantly founded on alluvial sediments (Qra) comprised of gravel, sand and silt. This
accumulation of sediments has been deposited by the nearby Loddon River.
A section of the alignment, approximately bounded by Canrobert Street and Fitzroy Street
(Chainage 400-500 m) has been indicated by the geology map to overlie the Newer Volcanics
formation (Qvn). The Newer Volcanics formation consists of extrusive igneous basaltic rock
deposited as lava flows which generally range from 0.5 metres to 10 metres thick. When in a
fresh state, the basalt appears dark bluish grey to black with a variable degree of vesicularity.
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The Newer Volcanics basalt eventually weathers (decomposes) to a grey to grey-brown, high
plasticity clay. Weathering occurs in a spheroidal pattern and typically begins from
discontinuities within the rock mass. As a result, corestones or ‘floaters’ of basalt rock can occur
in the residual clay soil.

2.4

Levee maintenance and management

Council provided information to GHD pertaining to past maintenance activity on the levee.
The information provided was limited to a survey of the levee completed in 2012 (pdf copy only)
annotated with a brief list of maintenance activity, which primarily related to activity during and
after the 2010/2011 flood events.
During the visual inspection further anecdotal information was provided by Council
representative Troy Telford. The information related to the levee’ construction history, past
maintenance activity and overall levee performance during the 2010/2011 flood events which
included:


Areas of the levee which sustained overtopping of flood water during the 2011 event and
required sandbagging;



Areas of the levee which collapsed or showed signs of instability during the 2010/11
events;



Areas of the levee that were topped up (raised) with material following the 2011 flood
event; and



Areas outside the levee where maintenance activity or ground works were undertaken
during the 2011 flood event.

Based on the information provided, it appears Council do not have a formal inspection or audit
program for the levee, which would generally incorporate the following types of information:


Annual inspection reports;



General or appropriate documentation on maintenance works and approvals and
inspections of these works;



Operations manual;



Levee performance reports or inspection reports during and following flood events;



Surface drainage works within the levee and appropriate upgrades and controls during
flood events;



Deficiencies or impacts associated with historical construction information.

As part of this report GHD has attempted to capture some of the historical information detailed
above (see Figure 4). However it is recommended that Council develop a formal inspection and
maintenance program for the levee to capture future information pertaining to operation and
maintenance activity. This information can be reviewed annually and be accessed in a timely
manner during flood events as in accordance with the Guidelines.

2.5

Visual inspection methodology

A site inspection of the Newstead levee was carried out by a GHD principal geoscientist and a
GHD geotechnical engineer on the 7th May 2014. The inspection began with a site meeting with
Council representative Troy Telford who provided annecdotal information about the state of the
levee during the 2010 and 2011 flood events. Following the meeting, a visual inspection along
the levee was conducted to identify areas of potential geotechnical weakness and faults within
the levee structure.
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Prior to the site walkover, Mount Alexander Shire Council had arranged for the access track
along the top of the embankment to be mowed. The slopes of the levee were however left
untrimmed so visual inspection of the entire profile was difficult and in some stretches could not
be carried out due to overgrown vegetation.
Many of the features mentioned in the following sections can be found marked on Figure 4.

2.6

Levee extent

The levee is situated in a topographically flat terrain. West of the levee is a varying stretch of
riverine floodplain which spans between the levee and Loddon River. East of the levee is
residential housing which the levee was constructed to protect.
The levee runs largely in a linear alignment. It begins at the southern end of Layard Street,
where the levee deviates off its general alignment to wrap behind houses located off the
western side of Layard Street. Around the Layard Street-Recreation Avenue intersection the
levee alignment straightens and runs north-west where it is intersected by the Pyrenees
Highway and continues towards Adair Street where it diveates to the east for approximately 200
m.
Throughout this investigation report, the alignment chainages from the 2012 levee survey
drawing have been adopted. Based on the existing alignment, it is considered pertinent to divide
the levee into the following three sections for the purpose of this condition assessment:


Southern section: chainage 0 to 250 m



Middle section: chainage 250 m to 537 m



Northern section: chainage 537 m to 1429 m

These three sections are indicated on page 1 of Figure 4.

2.7

Construction history

Council were unable to provide or aware of any as constructed drawings or reports in relation to
the levee structure. Anecdotally, it is understood that the levee was initially constructed in the
1920s. The southern section has largely remained unchanged aside from the placement of
sandbags and re-profiling of a section (approximate chainage 0 to 50 m) during and shortly after
the 2011 flood event. The middle and northern sections are understood to have been built-up
and re-profiled using scrapers and bulldozers during the 1950s.

2.8

Surface conditions

The dimensions and outward appearance of the levee varies signficantly across its length. From
measurements taken during the site-walkover, the width of the access track running along the
top of the embankment was found to vary from 0.3 m to 6.5 m wide and the height of the
embankment was found to vary from 0.95 m to 2.2 m high. Vechile access along the crest of the
levee is generally restruicted to the northern section only.
Generally the size and condition of the levee was observed to decrease and worsen heading
southwards from the northern end of the levee. The surface conditions of the levee will be
further detailed in the three sections described in section 2.6.
2.8.1

Southern section (chainage 0 to 250 m)

This southern section of the levee starts at the intersection with Layard Street where it heads in
a general northerly alignment where it bends around property 6 Layard Street (approximate
chainage 230 m), ending near the Fitzroy Street and Layard Street intersection.
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The embankment profile is inconsistent throughout and the crest narrows to around 0.3 m width
for large stretches. Also within this section, the height of the embankment drops below one
metre. Although the slopes have good grass coverage, steep drops in the western slope at
several locations were observed indicating that significant erosion and scouring has taken
place.
This section of the embankment was reported to have been breached during the flood event of
January 2011. Overtopping and piping failure within the embankment was indicated by a council
representative and the resident of 6 Layard Street who were both present during the flood
occurrence. During the flooding, sandbag protection at the crest of the embankment was laid
(see Photo 8 in Figure 4). Two to three layers of stacked sandbags at the crest were required
and are still present stretching between chainages 52 m and 219 m. Hessian sandbags were
used, filled with a mixture of sand, gravel and silt. At the time of the inspection, some of the
sandbags had decomposed exposing the fill material. Several mature trees have grown within
3 m of the embankment on the river side.
Piping through the embankment was recalled to have occurred during the January 2011 flood
event behind the house of property 6 Layard Street. In response, additional fill material was
placed at the toe of the eastern slope. This proved adequate at the time and no further action is
understood to have been taken.
During the January 2011 flood event a section of the levee between chainage 75 to 85 m was
observed as unstable and attempts were made to top up and support the eastern batters.
During these works anecdotal evidence indicates the machinery became bogged due to soft
ground conditions. This may indicate weakness within the foundations, with flood waters being
able to penetrate below the levee embankments through coarser grained sediments associated
with the alluvial deposits along the floodplain.
An abandoned buried storage tank lies exposed behind the 6 Layard Street house and
approximately 2 m beyond the western toe of the levee. The circular concrete tank is
approximately 1 m in diameter and is believed to be part of a disused septic sewerage system.
During the 2011 flood event, flood-water was said to have flowed from the tank and through the
attached drain and bubbled out in the front yard of the house. The tank appears to have since
been backfilled with angular cobbles.
2.8.2

Middle section (chainage 250 m to 537 m)

The middle section of the levee commences at the Fitzroy Street and Layard Street intersection
and runs parallel and to the west of Layard Street before diverting around two properties (2 – 4
Layard Street, between chainages 400 m and 500 m) and finishing at the Layard Street and
Recreation Avenue intersection.
Where the levee embankment runs along the rear of the properties the embankment features
good grass cover, however several mature trees have been grown within the river-facing slope
(see Photo 6 in Figure 4). Along this straight pass, the embankment crest is fenced off within the
property boundary. The eastern slope within the property boundaries also appeared re-profiled
often widened to accommodate an intermediate bench within the slope face.
Sewerage drains are believed to cross underneath or within the embankment behind the two
properties as part of either active or obsolete septic sewerage systems. A grey-water pond was
observed to lie within 10 m west beyond the levee embankment (see Photo 5 in Figure 4) which
appeared active.
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Within this section, the path at the crest of the levee reduces significantly from the northern
section, averaging 2.0 m width. Where the embankment realigns with Layard Street, several
sections of the eastern slope showed limited grass coverage possibly due to over grazing by
stock.
The profile of the embankment appears consistent throughout the section apart from behind the
property located at the Layard Street and Recreation Avenue intersection where local garden
landscaping has connected with the levee embankment on the eastern side. The integrity
appears adequate with no visible slumping or subsidence. Anecdotal information indicates that
this section of the embankment was not breached during the 2010 and 2011 flood events.
At the southern end of this section, a 750 mm diameter opening at the toe of the western
embankment slope was observed and inferred to be an animal burrow (see Photo 7 in Figure 4).
The burrow was measured to extend 1 m into the embankment but it is likely to be longer in
length.
2.8.3

Northern section (chainage 537 m to 1429 m)

Along this northern section, the levee was found to be in good condition. Throughout this
section the embankment profile showed little to no sign of erosion, both slopes maintained a
consistent grade and good grass coverage. The width of the path at the crest of the levee was
about 4 m throughout this section and the height of the embankment from the river side ranged
from 1.6 to 1.9 m.
The performance of the levee could not be assessed due to the dry conditions at the time of the
inspection. However anecdotal information provided by Mount Alexander Shire Council
indicates that during the flood event of January 2011, a freeboard between 600 mm to 1200 mm
was maintained throughout this northern section. Furthermore, no leakages or slumping was
reported to have occurred within this section during the 2011 and 2010 flood events.
Occasional mature trees and young saplings were observed to have grown within the levee
slope or within two metres of the embankment toe (see Photo 1 in Figure 4). In particular, at the
southern end of this section, a large mature tree with a trunk girth of over 4 m protrudes from
the top of the levee (see Photo 4 in Figure 4). During the January 2011 flood event, a council
representative recalls the surface condition around this large mature tree was very soft and
saturated.
A flood gate structure is built into the levee at the northern end off Adair Street (see Photo 2 in
Figure 4).

2.9

Flood Gate structure and internal drainage

A flood gate structure is located at the northern end of the Newstead levee. The primary
purpose is to allow the drainage of stormwater from the eastern side within the township to be
discharged to Mia Mia Creek beyond the levee.
The structure, at the time of inspection and from anecdotal evidence related to the 2010 and
2011 flood events appears functional and stable. The gate is manually operated and normally
raised so that local runoff in the protected area drains under gravity. However, the timber and
concrete panels of the wing walls require replacing and are considered superficial only, with the
pipe valve structure currently dilapidated but appearing to still be functional.
The drainage pipe is constructed below the levee embankment, within the foundation and below
surface towards Mia Mia Creek. However, to allow discharge of the stormwater to occur via
gravity, the riverine flood level needs to be below the discharge point located at Mia Mia Creek.
Hence, in the event of flooding from the Loddon River and within Mia Mia Creek, the valve is
shut to prevent water backflowing past the levee through the drain.

GHD | Report for Mount Alexander Shire - Newstead Levee Investigation, 31/31170 | 7

During the 2011 flood event, internal flooding occurred within the drain along Layard Street and
within the vicinity of the flood gate, backing up along Panmure Street. This occurred as a result
of the gate being unable to be opened due to the riverine flood level within Mia Mia Creek.
It is recommended that a permanent pump platform and delivery line to the river side of the
levee be installed. A pump could then be brought to the flood gate structure and operated
during future flood events to transport runoff water from within the protected area past the levee
embankment when the flood gate is closed.
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3.

Geotechnical Investigation
A geotechnical subsurface investigation was commissioned by Mount Alexander Shire Council
as part of the overall levee investigation scope of work. As council currently have no records or
drawings which describe the material composition and manner in which the levee was initially
constructed, the purpose of the subsurface investigation is to ascertain the subsurface profile at
different sections along the embankment. Shedding light on the nature and composition of the
embankment will provide greater information for the assessment on the adequacy and suitability
of the existing levee.

3.1

Methodology

The subsurface investigation was completed on site within one day on the 20th May 2014. The
investigation included a program of hand excavations and in-situ soil testing. Suitable test
locations were selected during the site inspection walkover and were subsequently checked
against Dial-Before-You-Dig service plans for the presence of underground utilities prior to
carrying out the field testing. Final testing locations were ensured to maintain at least a 5 m
offset from the nearest marked underground service. The test locations have been indicated in
Figure 4.
3.1.1

Cone penetration test

Seven cone penetration tests (CPTs) were carried out from the crest of the levee, through the
vertical extent of the levee and into the underlying founding ground. The testing was carried out
by a specialist contractor, Black Insitu Testing (BIT), using a 20 tonne truck rig. The test
locations were spread along the length of the levee at locations accessible by the CPT rig.
Termination depth of the tests ranged from 1.19 m to 4.84 m below the embankment crest level.
The testing was targeted to terminate at 2 m into the underlying natural ground, however
several tests were terminated early due to refusal. Following the completion of each CPT test,
the test hole was dipped for groundwater and then promptly backfilled with bentonite pellets.
Interpretation of the CPT raw data was carried out using a software package developed by IGS.
Using the measured cone tip resistance, sleeve friction and pore water pressure, the software
was able to interpret corresponding soil type and strength. The method suggested by Robertson
et al (1986) was used for the soil type conversion.
The interpreted CPT test results have been presented in Appendix A.
3.1.2

Dynamic cone penetrometer tests and hand augered boreholes

The CPT testing was supplemented with hand excavations carried out by an experienced GHD
geotechnical engineer at locations where the CPT rig could not access or for the collection of
soil samples for subsequent laboratory testing. At each testing location, with the exception of
HA07, a dynamic cone penetrometer test (DCP) was first carried out to determine the insitu
ground strength. Since HA07 was carried out immediately adjacent to CPT05, a DCP test was
not required. A hand-augered borehole was then advanced following the DCP test at the same
location to log the embankment profile and to collect soil samples. The target depth of the DCP
tests and hand augered excavations were one metre below the base of the embankment,
however most were terminated at shallower depth due to refusal on gravels and cobbles.
The termination depth of the DCP tests ranged from 0.3 m to 1.7 m beneath the embankment
surface and the hand augered boreholes terminated between 0.3 m and 1.55 m beneath the
embankment surface. During the advancement of the hand augered boreholes, the recovered
spoil was logged in accordance with the GHD logging procedure.
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Following borehole termination, the borehole was backfilled in layers with the excavated spoil
and tamped using a crowbar.
Each test location was recorded using a Trimble GeoXH 3.5G GPS which has a stated postprocessed horizontal and vertical accuracy of ±0.1 m.
The borehole logs, the GHD soil summary sheets and the DCP results are presented in
Appendix B.
3.1.3

Laboratory testing

Laboratory testing on a selection of soil samples was conducted to characterise the
embankment fill material and its tendency for dispersion.
The soil chemical testing was performed at GHD’s NATA accredited soil laboratory in Morwell,
Victoria. The following soil tests were requested:


Sieve grading – 6 No.



Hydrometer grading – 4 No.



Atterberg Limits tests – 6 No.



Moisture content test – 6 No.



Emerson class number test (distilled water) – 6 No.

The laboratory certificates with the reported results are presented in Appendix C.

3.2

Results of investigation

The subsurface profile of the levee embankment was interpreted at several points along the
alignment through the CPT and borehole results. The 9 CPTs and 5 hand augered borehole
logs obtained from this current investigation have been used to prepare the following
subsurface conditions summary.
The hand-augered boreholes indicate that the embankment is predominantly constructed of
alluvium sediments, likely sourced from the nearby floodplain. The primary material encountered
across the borehole sites was silty sand however slight variation in the soil composition across
different sections of the embankment was observed.
The boreholes drilled at the southern section (HA01 to HA05), along the sand-bag protected
section, predominantly encountered silty sand throughout the embankment profile with
inclusions of rounded river gravels and cobbles varying with depth. The sand was logged as fine
to medium grained and the silt fractions added little plasticity to the overall soil mass. Rounded
river gravels mostly of quartz, but including basalt, were frequently encountered within this
section of the embankment. The gravels were initially recovered as fine to medium sized near
the crest surface, becoming coarse and cobble sized from around 0.3 m depth below the crest
level. The gravel inclusions often decreased from 0.5 m depth but remained coarse to cobble
sized. DCP testing of the embankment within this section revealed relative soil density ranging
from loose to medium dense. The test results reported very dense conditions at depth however
this result coincided with gravelly conditions which can overstate the actual in-situ density.
Borehole HA06 was augered near the embankment crest, behind property 2 Layard Street. The
upper horizon of the borehole encountered sandy silt with gravel. The silt was of low plasticity
and the sand was fine to medium grained, similar to the material recovered in HA01 to HA05.
However from a depth of 0.5 m, the soil type changed to clayey sand and then become clay with
sand from 0.85 m depth.
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The clay soil was of moderate plasticity, slightly moist and recovered in clumps indicating
possible desiccation within the strata. Occasional rounded coarse gravels were encountered
within the sandy clay unit from 0.7 m depth. DCP results indicate the strength of the
embankment material at this location ranged from stiff to very stiff.
Borehole HA07 was augered within the embankment crest approximately 175 m north of the
Pyrenees Highway. The borehole encountered sandy silt/silty sand soils up until borehole
termination at 0.9 m below the crest level. The soil encountered at HA07 was similar to the silty
sand material encountered in the southern boreholes (HA01 to HA06) except with the absence
of gravels.
Unlike the hand augered boreholes, the majority of the CPTs were able to penetrate through the
embankment into the founding strata. Within the profile of the embankment, the interpreted CPT
results showed material fluctuations between silty sand and clay units. Bands of gravel were
also encountered during the CPT tests inferred from zones of high cone resistance and low
friction ratio. These bands were generally between 0.2 m to 0.4 m thick.
The CPT results also indicate that the founding soil is similar in nature to the soil used within the
embankment and is comprised of predominantly silty sand and clay with occasional gravel beds.
The soil strength appears to increase only by a small amount (if at all) when crossing from the
embankment fill to the founding ground beneath.
CPT03 was carried out close to the large mature tree in the embankment crest (at chainage
612 m) and encountered refusal prior to termination depth. Two further tests (CPT03A and
CPT03B) were attempted at offsets of 0.5 m and 1.4 m from the first test. These three CPTs
encountered refusal between 1.15 m to 1.25 m below the crest surface level inferred to be due
to tree roots within the embankment.
Groundwater was not encountered at any of the test locations.

3.3

Laboratory test results

Results from the laboratory testing conducted on the selected soil samples are summarised in
Table 1. The chosen samples were tested to determine soil type and potential for dispersion.
Laboratory test certificates are presented in Appendix C.
Table 1: Summary of laboratory test results
Sample location

Sample depth
(m)

Soil type

Emerson class number

HA01

0.30

Sandy SILT (ML)

5

HA02

1.10

Silty SAND (SM)

3

HA06

0.60

Clayey SAND (SC)

3

HA06

0.85

CLAY with sand (CI)

5

HA07

0.30

Sandy SILT (ML)

3

HA07

0.75

Silty SAND (SM)

3

The Emerson class number is a measure of a soil’s dispersive potential. Results range from
class 1 to class 8. Class 1 to class 4 soils are considered dispersive, the lower the class number
the more dispersive the soil is. Therefore the alluvium sediments used to construct the levee
embankment can be considered low to moderately dispersive.
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4.

Determination of Flood Levels
As part of this investigation Mount Alexander Shire requested that the following questions be
addressed:


What was the Loddon River flood level in Newstead during the last major flood event/s;
and



What flood event does the current levee protect the town against.

This section of the report discusses these questions.

4.1

What was the Loddon River flood level in Newstead during
the last major flood event/s

In August 2012 Goulburn Murray Water commissioned SKM to undertake a flood hydrology
update for the Cairn Curran Reservoir. As part of the SKM investigation they calibrated a
hydrology model (RORB) of the Cairn Curran Reservoir catchment to the recent flood events
(September 2010, November 2010 and January 2011). A report on the 2012 investigation was
supplied by Goulburn Murray Water for use in this investigation.
There is a stream flow gauge located on the Loddon River at Newstead (407215). The stream
flow gauge is located approximately 100 metres upstream of the Pyreness Highway. The
stream flow gauge has recorded data available from 1975 to date. The recorded stream levels
at the gauge were downloaded from the DEPI (http://data.water.vic.gov.au/monitoring.htm).
The stream flow rating curve at 407215 (flow versus level) is shown in Figure 1 as the red line.
The highest measure flow (blue dots on Figure 1) is approximately 27000 ML/d or 313 m3/s. The
recorded levels are shown in Figure 2. The event that occurred in January 2011 is the highest
recorded level at the gauge and November 2010 is the third highest. Prior to January 2011 the
highest recorded level was in September 2000. The recent events are summarised in Table 2
along with the September 2000 event.
Figure 1 – Rating Curve at 407215
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Figure 2 – Recorded Stream Levels at 407215

Table 2 – Summary of Events at 407215
Date
September 2010

Level (m)

Level (mAHD)

Flow (m3/s)

4.91

212.75

318

213.46

567

November 2010

5.62

January 2011

5.89

213.73

720

September 2000

5.64

213.48

570

The North Central Catchment Management Authority supplied LIDAR (LIght Detection And
Ranging which is a remote sensing technology that measures distance by illuminating a target
with a laser and analyzing the reflected light) data and recorded flood levels along the levee.
The flood event with the highest number of recorded flood levels was the September 2000
event.
The Mount Alexander Shire supplied a hard copy of the survey of the levee undertaken in 2012
and anecdotal evidence of the flood behaviour in January 2011.
Initially the LIDAR data was compared to the survey data. In general the survey and the LIDAR
are similar. However, there is an area approximately 200 metres north of Layard Road where
the LIDAR is significantly lower (0.8 metres). This area is worth further investigation (in terms of
survey) to confirm or otherwise which level is correct. Figure 3 shows the comparison between
the LIDAR and the survey. From the anecdotal evidence, in January 2011 water started to go
over the levee from approximately Chainage 50 metres to 200 metres (on Figure 3).
Plotted on Figure 3 are the surveyed flood levels during the September 2000 event. This event
was similar in magnitude to the November 2010 event (refer to Table 2).
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Ignoring the LIDAR point around 200 metres the information available suggests that the levee is
able to prevent flooding of the town for an event with a flow of approximately 570 m3/s. It is
worth noting that there is less freeboard (distance between flood level and top of levee) in the
first 250 metres compared to the remainder of the levee, indicating that the first 250 metres of
the levee is the most vulnerable to overtopping.
From the information available at the stream flow gauge the January 2011 event was
approximately 250 mm higher than the November 2010 event.
Figure 3 – Survey of Levee Compared to LIDAR and Surveyed Flood Levels

4.2

What Flood Event Does the Current Levee Protect the Town
Against

In the August 2013 investigation a flood frequency analysis was undertaken on the recorded
flows on the Loddon River at Newstead (407215). Table 3 summarises the flood frequency
analysis.
Table 3 – Flood Frequency Analysis
AEP (1 in Y)

Flow (m3/s)

Level (m)

20

490

5.46

30

553

5.59

50

635

5.74

100

748

5.93
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From the anecdotal evidence the levee did not overtop in the November 2010 event but did start
to overtop in the January 2011 event along the southern section. This indicated that the current
levee protects the town from an event greater than the November 2010 event but less than the
January 2011 event.
The November 2010 event was approximately a 1 in 35 AEP event and the January 2011 event
was approximately a 1 in 80 AEP event. It is estimated that the levee currently protects the
town for an event up to the 1 in 50 AEP event. However, it is worth noting that the southern or
up river section (approximately the first 200 metres) of the levee has less protection than the
lower section.
From the anecdotal evidence it appears that a variable freeboard height is maintained along the
levee. General engineering practice is to provide a minimum freeboard allowance in urban
areas of 600 mm and based on the 2011 flood observations by Council it appears these levels
were only maintained along the northern section, principally north of the Pyrenees Highway.
If the Council would like to get a water level profile along the levee for different flood events then
a hydraulic model is recommended.
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5.

Conclusions
5.1

Comparison to previous condition assessment

A previous condition assessment of the Newstead levee was carried out in 2012 by SKM as part of a state wide levee inspection program. From that
inspection, the levee was classified as non-critical. During this assessment, GHD has identified several discrepancies with some aspects of the previous
assessement.
A breakdown of the key features of the levee are summarised in Table 4and are compared to the previous assessment undertaken in 2012.
Table 4: Summary of levee condition assessment
Condition

2012 Assessment (SKM, 2012)

2014 Assessment

Levee extent

Levee heads slightly further south
than shown in VFD extents
however levee in this section is
smaller in profile.

Aerial photography and site visits to the levee confirms that the extent and the alignment indicated
in the Victoria Flood Database (VFD) diagrams are not representative in the middle and southern
levee sections. As SKM noted, the levee extends further southwards joining with Layard Street at its
southern end. The turns in the alignment when bending around the Layard Street properties are
also more acute than indicated on the VFD.

General Levee
Condition

Condition of the levee was good

CPT results show that the northern and middle sections of the embankment contain greater
amounts of clay fill, however hand auger logs indicate locally sourced alluvium (by the presence of
rounded gravels) was used along the entire length of the embankment.
Other features of the levee which could lead to potential levee breach include the presence of
animal burrows at the toe of the embankment and the presence of underground drains which cross
through/under the levee embankment connecting to Layard street properties.
The northern section is considered to be in a good condition with appropriate construction by use of
a wider crest, and/or flatter batter slopes. One area surrounding significant vegetation towards its
southern extent requires further assessment and potential remediation.
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The middle section is considered to be in fair condition with areas of potential weakness identified.
The variable profile, especially narrower crest width and steeper batter slopes than the northern
section reduces the overall condition of this section.
The southern section is considered to be in very poor condition and does not meet good
engineering practice or the associated levee design guidelines. The section has identified areas of
weakness within its foundation, and evidence of failure. The section has a narrow and variable
crest profile with steep embankment slopes which are not recommended for the construction
materials used.
Levee Profile

Consistent profile

The profile varied significantly along the length of the levee, including the embankment side slope
grades, embankment height and crest width. From the measurements taken at several points along
the levee, the crest width varies from 0.3 m to 6.5 m and the height of the overall embankment
varies from 0.95 m to 2.2 m.
Southern section (chainage 0 to 250 m): The crest narrows to 0.3 m width for large stretches,
height of the embankment was found to vary from 0.95 m to 1.15 m.
Middle section (chainage 250 m to 537 m): The crest width and height was generally around 2.0 m.
Northern section (chainage 537 m to 1429 m): The crest width was around 4 m throughout this
section and the height of the embankment ranged from 1.6 to 1.9 m.
It is likely that the major reason the levee breach occurred only within the southern section may be
due to the reduced height and width of that section of the embankment compared to the other
sections and the more sandy material used in the construction of the embankment. Furthermore,
construction methods may not have involved compaction of the material.
In general the levee was found to consist of layers of material varying from clay to gravel. Where
there is limited clay fill available during levee construction, that material should be used to form a
central clay core with silt and sand on both sides of the core and gravel outside of that.
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Presence of
vegetation

No vegetation in the area.
Built around gum tree plants

The two previous notes confuse the interpretation of the presence of vegetation, which include trees
on or near the levee structure.
The levee is primarily covered by localised grasses and weeds.
Several patches of immature trees were identified, with the middle section of the levee containing
significant tree growth with the levee built around a large (perhaps historical/culturally sensitive)
tree.
Areas of tree growth within the levee profile include chainages:


CH 436 m



CH 573 m to CH 635 m



CH 670 m



CH 886 m to CH 894 m

In addition, many mature trees and vegetation have grown within two metres of the embankment
toe.
The presence of trees can cause desiccation within clay soils and provide preferential pathways for
groundwater seepage due to root growth. This can lead to piping through the embankment.
Removal of mature trees may exacerbate the problem – decomposing roots will leave voids within
the embankment.
The older/large trees could remain, however regular maintenance programs should include the
inspection for and removal of young saplings to limit further establishment within or close to the
levee structure. In addition, older/large trees should be pruned/lopped to reduce the probability of
the tree being uprooted during storm events.
Work carried out on
levee

Potentially patched area was
found at coordinates: 238833 E
5889009 N

Over the past few years, Council has progressively imported fill material to patch up inconsistencies
at the levee crest. At these locations, visible scaring at the levee crest is observable. The patched
area identified by SKM was observed during the site inspection, however further areas were also
identified as highlighted in Figure 4
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Structures

Structure found at : 238726 E
5889426 N

Structure is maintained and is in working order, however parts of the structure require remedial
works, including the wing wall panels.
Evidence during the recent flood events indicate internal flooding is a concern with the structure
unable to operate to relase internal flood waters as a result of the gravity design into Mia Mia Creek
north of Adair Street. Consideration should be given to establishing a pump operated system to
move internal flood water onto the riverine environment and replacement of the exisiting structure.

Maintenance

Levee was maintained.

GHD has undertaken a review of past documentation and anecdotal evidence provided by Council
during the 2010 and 2011 flood events. The review has identified that maintenance is occurring on
the levee, however several deficiencies concerning information and general levee management
were identified which should be considered for future improvement:


Lack of or incomplete Annual Inspection Reports and appropriate documentation
relating to maintenance works including an operations manual



Levee performance reports or inspection reports during and following flood events
(such as the last known major flood event in 2010/11)



Updated safety review reports especially follow up action reports and any
investigations relating to identified dispersive soils used in construction



Surface drainage works within the levee and appropriate upgrades and controls during
flood events



Deficiencies or impacts associated with historical construction information along the
southern parts of the levee



Anecdotal maintenance activity and approvals and inspections of these works



Ownership, management and overall approval for levee infrastructure works
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5.2

Flood Protection Levels

From the anecdotal evidence provided to GHD the levee did not overtop in the November 2010
event but did start to overtop in the January 2011 event along the sourthern section. This
indicates that the current levee protects the town from an event greater than the November
2010 event but less than the January 2011 event.
The November 2010 event was approximately a 1 in 35 AEP event and the January 2011 event
was approximately a 1 in 80 AEP event. It is estimated that the levee currently protects the
town for an event up to the 1 in 50 AEP event.
It is worth noting that the southern section of the levee has less protection than the middle and
northern sections.
From the anecdotal evidence it appears that a variable freeboard height is maintained along the
levee. General engineering practice is to provide a minimum freeboard allowance in urban
areas of 600 mm and based on the 2011 flood observations by Council it appears these levels
were only maintained along the northern section, principally north of the Pyrenees Highway.
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6.

Recommendations
The following recommendations are provided to enable Council to consider future management
and remedial works for the levee.


Undertake a review of land tenure information associated with the full levee alignment.



A risk assessment should be carried out to determine the levee classification and review
the design standard requirements for future upgrades, including the desired level of
protection.



Council to develop a formal inspection and maintenance program for the levee to capture
information pertaining to operation and maintenance activity. This information can be
reviewed annually and should be able to be retrieved in a timely manner during flood
events as in accordance with the Guidelines.



The southern section (between 0 and 250 m chainage) should be considered for
immediate upgrade to reduce the risk of failure and increase the flood protection level.
The upgrade should consider the associated land tenure and review of the alignment and
associated desired flood level of protection.



Remedial options should be considered for the areas of weakness identified.



Young tree saplings to be removed from within the embankments with consideration
given to remedial options for larger trees within or close to the embankments.



Minor structural repairs to flood gate, with consideration for permanent pumping during
peak flood events.
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Photo 3: Mature tree grown at embankment toe
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