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Executive summary 
NSW Roads and Maritime Services (Roads and Maritime) in partnership with VicRoads has 
commenced investigations into the replacement of the existing bridge over the Murray River at 
Tooleybuc on the NSW/Victorian border in south-western NSW (the project).  
 
The existing Tooleybuc Bridge is a single lane lifting span Allan truss timber bridge, which opened in 
1924. It is located on the Mallee Highway, which currently travels through Tooleybuc, linking 
Balranald in south-western NSW to the Murray Valley and Mallee Highways in north-western Victoria. 
The Mallee Highway is a strategic freight route in NSW and Victoria and has also been identified as 
an alternate freight route between Sydney and Adelaide. 
 
Given the importance of the route as a freight corridor, the project will be delivered as part of the NSW 
Government’s ‘Bridges for the Bush’ funding program. Replacement of the existing Tooleybuc Bridge 
will meet the main objectives of the ‘Bridges for the Bush’ program by reducing maintenance and 
ongoing costs associated with timber truss bridges. Upgrading the bridge infrastructure will also allow 
it to service higher productivity road freight vehicles and higher mass limits. 
 
This desktop based geotechnical assessment has been carried out as part of a broad Environmental 
Constraints Analysis that will inform the selection of a preferred option. Three options are currently 
being considered including upstream and downstream options with corridors that include connections 
to the existing road network at either end of the bridge. The geotechnical assessment comprised a 
site walkover on 21 August 2013 and assessment of available maps, aerial photographs and 
published information.  
 
The study area is based on the three options that are currently being considered and encompasses 
the Murray River channel and the wider Murray River flood plain, which at this location is around one 
kilometre wide and bordered by dunes at the edges of the study area Tooleybuc township has been 
constructed on both the dunes and the flood plain. Recent alluvial sediments within the flood plain, 
known as the Coonambidgal Formation, may include soft clays and loose sands. The dunes comprise 
sands and silts of the Woorinen Formation, and potentially includes deposits of clay within the inter-
dune swales. The dunes are Pleistocene in age and currently relatively stable. Older sediments may 
extend to considerable depth below the study area and bedrock is expected to be found at a 
considerable depth. 
 
The geological constraints identified that may impact the selection of a preferred option relate in 
particular to the design and construction of the new bridge and approaches and include the presence 
of soft ground (including a number of related constraints), scour erosion, expansive soils and 
dispersive soils. Acid sulfate soils are unlikely to be encountered. 
 
Based on the information available there are no significant geotechnical issues which would prevent 
construction of a new bridge and approaches at any of the three proposed alignments. The geological 
constraints encountered are generally common to all three alignment options although there is a 
greater potential for river bank scour to affect the downstream alignment compared to the other two 
options. 
 
Pile foundations are likely to be required for the bridge abutments and intermediate piers regardless 
of bridge location. Driven piles are likely to be appropriate, founded within alluvial sands and gravels. 
The depth of a suitable piling foundation stratum will need to be determined from sub-surface 
investigations at each pile location.  
 
Space limitations on the Tooleybuc side of the bridge may necessitate retaining structures to support 
bridge abutments and approach embankment. Ground improvement measures may be required to 
construct bridge abutments and embankments over soft ground. This would need to be confirmed 
through detailed geotechnical investigations and at this level of detail does not provide a differentiator 
between the options.  
 
Variable subgrade strength may be encountered within the study area. Lower strength subgrade 
materials will potentially be encountered within the Murray River flood plain. 
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1 Introduction  
1.1 Background  
Roads and Maritime Services (Roads and Maritime) is working in partnership with VicRoads to 
develop an alignment for a new bridge and approaches to replace the existing crossing of the Murray 
River at Tooleybuc, on the NSW/ Victorian border in south western NSW.  
 
AECOM Australia Pty have been commissioned by Roads and Maritime to carry out an Environmental 
Constraints Analysis which will be used to inform the evaluation of options to replace the existing 
bridge, including minor local road realignments to suit the new location. The constraints analysis is 
also required to satisfy Victorian requirements for this stage of the project. This geotechnical desktop 
study report forms part of the broader Environmental Constraints Analysis.  
 
The study area for this assessment is centred on the existing Tooleybuc Bridge and extends from the 
Tooleybuc Cemetery, east of Tooleybuc, to the Murray Valley Highway to the west. Three broad 
option corridors are currently being considered as outlined in Figure 1-1 all of which locate a new 
bridge within about 500 metres upstream and 500 metres downstream of the existing bridge, with 
varying approach corridors at either end. 
 

1.2 Potential options  
Three potential corridors have been identified in consultation with the local community and following 
public consultation sessions. These comprise: 
 
• A ‘Central’ corridor which largely follows the existing Mallee Highway alignment on the NSW side 

and locates a new bridge in close proximity to the existing bridge. 

• A ‘Downstream’ corridor that largely follows the existing Mallee Highway alignment on the NSW 
side and locates a new bridge within about 500 metres to the north of the existing bridge on a 
bend in the river. 

• An ‘Upstream’ corridor that diverts from the existing Mallee Highway alignment and tracks to the 
south west of Tooleybuc in the vicinity of Grant Street and locates a new bridge within about 500 
metres to the south of the existing bridge. 

All three corridor options tie in to the existing Mallee Highway alignment at about the same location on 
the Victorian side as shown in Figure 1-1. 
 
The new bridge will need to allow the appropriate clearance to allow the navigation of river boats 
upstream of Tooleybuc. Determination of clearance requirements is subject to a separate study. A 
number of bridge design options may be adopted including: 
 
• A low bridge with a lifting span to allow vessels to pass underneath, similar to the existing 

structure. 

• An intermediate height bridge with an intermediate lifting span to obtain adequate clearance for 
larger river boats. 

• A ‘flyover’ bridge constructed to the full clearance height required. 
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Figure 1-1 The study area 
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2 Methodology and site description  
2.1 Methodology  
The geotechnical assessment comprised a site walkover on 21 August 2013, a desktop assessment 
of available maps, aerial photographs and other published information, followed by an assessment of 
geological constraints and geotechnical requirements that may be likely to affect the selection of a 
preferred option.  

2.2 Site description  
The existing Tooleybuc Bridge across the Murray River is about 340 kilometres north of Melbourne 
and 430 kilometres east of Adelaide. The study area lies at around 60 metres above sea level. The 
study area is based on the three options that are currently being considered and encompasses the 
Murray River channel and the wider Murray River flood plain and bordered by dunes at the edges of 
the study area  
 
Within the study area, the active Murray River channel is about 70 metres wide (refer to Figure 1-1). 
The Murray River is a meandering river and the overall width of the area occupied by the meanders of 
the river channel is about one kilometre. 
 
Water flow along the Murray River is regulated by a series of dams and weirs. The closest weir 
upstream of Tooleybuc is the Torrumbarry Weir about 200 kilometres upstream. It is understood that 
the low river velocity power and high clay content of the riverbanks restrict the meander rates of active 
channels across the flood plain (Murray-Darling Basin Floodplain Management Strategy, 2002). 
Further details on the flow and flooding regime of the river are discussed in Section 6.2 of the 
Tooleybuc Bridge Replacement Environmental Constraints Analysis (AECOM, 2013). 
 
Tooleybuc Township, with a population of about 180, occupies the eastern banks of the river. The 
main street, Murray Street, is about 50 metres from the banks of the active channel and runs parallel 
to the river. The land between Murray Street and the river is occupied by recreational reserve and 
residential and commercial buildings. The land on the Victorian side of the Murray River at this 
location is largely occupied with pasture and crop fields, with some mixed use including an existing 
bridge maintenance depot and some vacant scrubby bushland in parts.  
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3 Geological setting  
3.1 Overview  
Tooleybuc is situated within the Mallee dune field system of the Murray Geological Basin. The Murray 
Basin is a shallow geological basin, extending over an area of 300,000 square kilometres, as shown 
in Figure 3-1. The basin is bounded by the south eastern and southern highlands of NSW and 
Victoria to the east and the Mt Lofty and Olary Ranges of South Australia in the west (Bowler et al, 
2006).  
 
The Murray Basin has been infilled with sediments over the past 65 million years in response to 
changes in climate and to some extent to tectonic influences. Sediments have included fluvial 
(deposited through river action), aeolian (deposited through wind action), lacustrine (lake sediments) 
and marine deposits. The deposition sequence is not continuous and has included periods of erosion.  
 
An overview of the deposition sequence is set out in Table 3-1 (Evans, 2013, Lewis et al, 2008, 
Bowler et al, 2006), though the sequence at any particular location may differ from that shown due to 
localised variations in the past deposition and erosion history. The upper sedimentary layers are 
those that would require most consideration for this project. Bedrock is likely to lie at significant depth 
below the study area. Although the actual depth of bedrock is unknown at this stage, it is unlikely to 
provide a differentiator between the corridor options. 

Figure 3-1 Map of the Murray Basin showing the approximate study area, adapted from 
Prendergast, Bowler and Cupper, 2009  
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3.2 Lithology  
The 1:250,000 Geological Map of Swan Hill (1992) indicates that the flood plain of the Murray River 
within the study area is underlain by recent fluvial sediments (Coonambidgal Formation) and includes 
clays, sands and sandy clays (Figure 3-2).  
 
Pleistocene aged Woorinen Formation is mapped at the eastern and western boundaries of the study 
area, outside the Murray River flood plain. This formation comprises aeolian dune sands, and may 
include calcareous and clayey layers and paleosols (old topsoil layers). The Murray River has cut a 
channel through the Woorinen Formation prior to depositing the recent Coonambidgal Formation 
sediments. 
 
The sediments underlying the Coonambidgal and Woorinen formations are likely to be older and more 
highly consolidated deposits, likely including sands and gravels of the Monoman Formation. This will 
require confirmation with subsurface geotechnical investigations to confirm their presence and depth. 
 

 
Figure 3-2 Regional Geology indicating location of Study Area  
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Table 3-1 Summarised Stratigraphic Sequence Murray Basin in the vicinity of Tooleybuc 

Unit Name Material Description Method of 
Deposition 

Estimated 
Thickness Estimated Age 

Coonambidgal 
Formation 

Unconsolidated grey or red-
brown silt, silty clay, poorly 
sorted sand and gravel.  

Alluvial 
(Murray 
River 
Deposits) 

Around five 
metres, but 
may be up to 
30 metres  

Holocene (less 
than 10,000 
years) 

Woorinen 
Formation 

Silty sand, red calcareous silty 
clay and sandy clay. Clay 
content, carbonates and 
soluble salts increase within 
swales. 

Aeolian, 
Lacustrine 

Two metres or 
thicker. 

400,000 years to 
around 15,000 
years. 

Monoman 
Formation 

Fine to coarse sand and 
gravel. 

Alluvial 
(Ancestral 
River 
Deposits) 

Around two 
metres to 40 
metres thick, 
average 
around ten 
metres 

600,000 years to 
around 15,000 
years. 

Blanchetown 
Clay / 
Shepparton 
Formation 

Silty to sandy clay with quartz 
sand and gravel beds. 

Lacustrine / 
Alluvial 

Two metres to 
around 20 
metres 

3 million years. 

Parilla Sands / 
Loxton 
Formation 

Layers of marine sand, silt and 
clay. 

Aeolian / 
Shallow 
Marine 

Around 20 
metres 

6 million years to 
around 3 million 
years 

Murray Group Marine mud, clay and 
limestone. 

Marine Around 100 
metres thick in 
west of Murray 
basin 

56 million years 
and 15 million 
years ago 

Renmark 
Group 

Sands, silts and carbonaceous 
(peat and lignite) layers. 

Fluvial / 
Lacustrine 

300 metres 
thick around 
Mildura 

65 million years 
to 15 million 
years 

3.3 Structural Geology 
Several named faults have been mapped in Murray Basin as shown in Figure 3-3 (Lewis et al. 2008). 
These faults are generally reverse faults trending northeast to southwest and dipping to the west. 
Tilted blocks and topographic depressions have formed between the faults. The closest mapped fault 
is the Tyrell Fault that runs about 60 kilometres to the west of the study area. The Tyrell Depression 
has formed on the down-thrust side, to the east of this fault. The Murray River runs along the edge of 
this depression and Lake Tyrell occupies the lowest point of the depression. The most recent 
movement along these faults is thought to be during the Pliocene, around 2.5 million years ago (as 
stated in the Geoscience Australia Neotectonic Features Database). As such, these faults are not 
thought to be active. 
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Figure 3-3 Geological Structure of Murray Basin – From Lewis et al, 2008. 
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4 Identified landforms and geomorphological 
features  

4.1 River Channel Banks and Levees 
Site observations indicate that there has been no significant migration of the active Murray River 
channel at the existing bridge site since the bridge was constructed in in 1924. There is evidence of 
minor scouring on the downstream side of the eastern bridge abutment though this does not appear 
to have impacted the Tooleybuc Bridge structure itself.  
 
There are no protection structures at the eastern bridge abutment on the eastern bank. A timber 
retaining wall supported by driven steel piles has been constructed around the bridge abutment on the 
western bank (refer to Figure 4-1 and Figure 4-2). No evidence of recent scour or instability was 
noted at either location during the site visit.  
 
The edge of the Murray River channel comprises un-vegetated muddy banks around one metre 
above the water level and oriented at around 20 degrees to 30 degrees from horizontal with 
vegetation established immediately behind. Isolated slumping and areas of erosion of the river bank 
was observed, typically over lengths in the order of five metres to 50 metres. Tree roots have been 
exposed and in some areas trees have been washed into the channel where the bank has eroded 
away. The most significant location of scouring was observed on the outside of the bend immediately 
downstream of the existing Tooleybuc Bridge (Figure 4-3). A comparison of observations from the 
site inspection with aerial photographs taken in November 2010, suggests that regression of the bank 
at this location may be in the order of a metre over this time.  
 
The observations suggest that the river banks are subject to periodic erosion and re-deposition as 
river sediments are carried downstream, though are relatively stable overall. The exception to this 
would be in discrete areas, where higher velocity or more turbulent water flows occur (eg the outside 
of bends in the river). 
 
With reference to Section 6.2 of the Tooleybuc Bridge Replacement Environmental Constraints 
Analysis (AECOM, 2013) a series of small levees have been constructed between the river and 
Tooleybuc Township on the southern side of town. These levees were not observed during the site 
walkover. 
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Figure 4-1 Eastern (NSW) abutment of the existing Tooleybuc Bridge 

 
Figure 4-2 Western (Victoria) abutment of the existing Tooleybuc Bridge 
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4.2 River Meanders and Oxbows 
Meandering river channels and ox bows can be seen to the north of the Mallee Highway on the 
Victorian side of the river. These channels did not contain standing water during the site visit, though 
wetland vegetation was observed to be growing in the base. The channels are edged by riparian 
vegetation and are remnants of a period where the river channel migrated over a wider area. It is 
understood that these meanders are no longer active, influenced by controls over the river flow and 
other controls on the river’s alignment including the upstream dams and weirs. These old meanders 
and ox-bows are quite likely to become saturated and flood during periods of heavy rainfall or where 
the river levels are elevated. 
 

 
Figure 4-3 Murray River banks downstream of Tooleybuc Bridge; erosion of the bank has 

undermined vegetation 

4.3 Sand dunes 
Woods Road at the eastern edge of Tooleybuc, runs along a dune with a rounded indistinct crest 
approximately 10 metres high and trending roughly north-south. The dune elevation reduces to the 
south of Grant Street and roughly corresponds with the location of a lunette dune mapped on the 
1:100,000 Swan Hill Geological Map. Lunette dunes are lenticular dunes which generally form on the 
eastward side of lakes in this region, an example of which lies on the eastern shore of Lake 
Coomaroop. Linear dunes may also border river margins, but the lenticular shape of this dune 
indicated on the map suggests that this dune may be associated with a lake which has since been 
intersected by the Murray River flood plain. The lakes and dunes in this area were formed during a 
period of colder, arid climate during the Pleistocene. The dune is currently covered by buildings, 
roads, grape vines and pasture and there is no evidence of wind erosion occurring.  
 
A road cutting through the dune along Lee Street is currently standing at between around 2:1 
(horizontal to vertical) within the higher cut and 1:1 (horizontal: vertical) within the lower cut. Orange 
sand with some silt is exposed in the cutting.  
 
Aerial photographs taken in 2010 suggest that there may be some movement of sand around the 
western shore of Lake Coomaroop. 
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4.4 Lunette Lakes  
Lake Coomaroop is situated 1.6 kilometres to the east of the Murray River and is located outside of 
the study area. This lake is currently water filled, is oval in shape, about two kilometres by one 
kilometre in size and with a lunette dune on its eastern edge. The outlet from the lake joins the Murray 
River about 800 metres upstream of the existing Tooleybuc Bridge. 
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5 Groundwater  
The groundwater within surface soils in close proximity to the Murray River is expected to be at or 
around river level and may be elevated adjacent to the river banks. 
 
No areas of saturated ground were encountered during the site walkover in August 2013. Vegetation 
indicative of wet ground was observed in areas of the flood plain adjacent to the river, suggesting 
higher ground water levels do occur periodically.  
 
Ground water levels away from the Murray River may be at a greater depth and have been noted to 
be at 12 metres to 15 metres below the surface by Lewis et al. (2008). This is supported by the fact 
that groundwater wells within a few kilometres of the site typically range in depth between seven 
metres and 17 metres deep. These well records did not include water level measurements or ground 
conditions.  
 
The Parilla Sands are a regional aquifer within the Murray Basin. This aquifer may be semi-confined 
where it is overlain by the low permeability sediments of the Blanchetown Clay. The study area lies 
within the region occupied by the large pre-historic lake, within which the Blanchetown Clay was 
deposited (Evans, 2013).   
  

Tooleybuc Bridge Replacement          12 
Roads and Maritime Services 
Geotechnical Constraints Report 



 

6 Geological Constraints 
The following section sets out the potential geological constraints which may influence the location 
and design of the proposed new bridge and associated tie-ins to the local road network.  
 
The desktop assessment and accompanying site visit found no geological constraints which would 
prevent construction of a new bridge and approaches within the study area, though many of the 
issues identified will require consideration and accommodation within subsequent engineering design.  
 
The geological constraints encountered are expected to be common to the three alignment options 
being considered. River bank scour will vary depending on the selected bridge location and may be a 
differentiator between different potential bridge design and extent of abutment protection options, but 
it is not considered to be such a significant enough issue to affect the location of the bridge within the 
three corridor options.  
 

6.1 Soft ground/soils  
Soft ground, including soft clayey and loose sandy sediments may be encountered within the project 
area both within the Murray River flood plain and discrete layers of the sand dune areas. Soft ground 
is associated with a number of relevant geotechnical issues including:  
 
• Slope instability of bridge abutments and embankments. 

• Low bearing capacity under structure foundations. 

• Post construction settlements under embankment or structural loads.  

• Weak subgrades for road pavements. 

• Liquefaction within loose sandy soils. 

These constraints are commonly encountered in and around bridges near rivers and have a number 
of established treatment options for structures, earthworks and pavements. A detailed geotechnical 
site investigation will be required to confirm the depth and extent of soft clayey soils and loose sands 
along the bridge alignment and adjoining road tie-ins. 
Liquefaction is a term describing the temporary loss of strength in a loose sandy soil when sheared, 
most commonly during or following an earthquake. This constraint will require evaluation during 
engineering design, considering an appropriate earthquake for the design of the structure and the 
susceptibility of the local ground conditions. The upper soil layers may be susceptible to liquefaction 
based on their age and reported composition. The deeper soils are less likely to be susceptible to 
liquefaction based on their age (older sediments tend to be denser and consequentially less 
susceptible). Liquefaction related issues, if present, can be expensive to remediate. As such, they are 
recommended to be assessed in an early engineering design stage. 
 

6.2 Erosion  
There appears to have been no migration of the active Murray River channel at Tooleybuc since the 
construction of the bridge in 1924. It is understood from available information that the overall course 
of the river is relatively stable due to the low flow velocities in the river and control measures in place, 
both up and down stream of Tooleybuc.  
 
Evidence of localised erosion of the river banks was observed during the site walkover. The most 
significant location of erosion observed was on the outside of the bend immediately downstream of 
Tooleybuc Bridge (refer to Figure 6-1).  
 
Any localised erosion of the river bank over time could be stabilised using engineered stabilisation 
measures, although construction of the new bridge within a straighter section of the river (such as that 
associated with the Central and Upstream options) would require less scour protection and 
stabilisation will assist to reduce the amount of stabilisation required.   
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Intermediate piers of the proposed bridge will need to consider and allow for river bed scour around 
foundations positioned within the river channel, but this would be a common constraint to all three 
corridor options.  
 

6.3 Acid sulfate soils  
Acid Sulfate Soils are naturally occurring sediments which contain iron sulphides and their oxidation 
products. Iron sulphide minerals accumulate in the sediment as a result of chemical and biological 
reactions involving brackish or saline water, organic matter, bacteria, sulfate and iron. These soils are 
usually associated with estuarine environments, salt marshes and coastal rivers and creeks. They 
remain chemically stable under anaerobic conditions (eg no oxygen) but when exposed to air, 
oxidation of the iron Sulfide minerals produces sulphuric acid. The released acid has potential to 
acidify groundwater and to corrode concrete and steel structures.  
 
The Australian Soil Resource Information System (ASRIS) National Acid Sulfate Soil dataset provides 
information on the potential occurrence of acid sulfate soils throughout Australia. The dataset 
describes the potential for occurrence of Acid Sulfate Soils within the project area as Extremely Low 
Probability of Occurrence (Class C – one per cent to five per cent of mapping unit) inferred from wider 
information source and with no on-ground verification within the study area.  
 
Site observations and the geological desktop review were consistent with the ASRIS assumptions, 
indicating that the inferred risk of Acid Sulfate Soils is reasonable and that the likelihood of occurrence 
of Acid Sulfate Soils at this location is extremely low.  
 
Typically, soil chemical testing is carried as part of engineering design to assess the potential for soils 
and groundwater to corrode steel and concrete (eg soil acidity, sulfates and chlorides). Such testing 
would provide a further check of whether acid sulfate soils are present.  
 

6.4 Expansive Soils  
Near-surface cohesive soils around the Murray River floodplain are expected to be expansive, subject 
to shrinking and swelling in response to seasonal variations in their moisture content. This behaviour 
can cause differential movements that adversely affect near-surface foundations and pavements, in 
particular where soil moisture changes are irregular across an area. This can occur around the edges 
of shallow foundations and near trees (locally reducing soil moisture). Pile foundations are typically 
not significantly influenced by such movements, though differential movements can occur between 
pile supported bridge abutments and soil embankments affected by such movements.  
 
Site observations noted such soils to be present along the river bank and noted shrinkage cracking on 
the exposed soil surface (refer to Figure 6-1).   
 
The depth of influence of expansive soils is typically limited to the top two metres where seasonal 
moisture content variations are most significant. The movements are more substantial in clayey soils 
and seasonal movements in any location will reflect both influences. Seasonal movements are 
commonly less than 100 millimetres, though can be higher. 
 
The effects of expansive soils are typically managed through a combination of avoidance of 
susceptible materials for settlement sensitive infrastructure, adopting management measures to 
reduce seasonal moisture content variability and design and construction to accommodate seasonal 
movements. Soil testing and regional guidance for seasonal moisture changes can be used to assess 
thee movements as part of engineering design.  
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Figure 6-1 Cracking in dried sediments adjacent to Murray River 

6.5 Dispersive Soils 
Dispersive soils tend to break down and become prone to erosion once they become saturated. Sodic 
soils are prone to dispersion. Sodic soils are defined as soils with a sufficiently high sodium content to 
interfere with the structural stability of the soil matrix, reducing the bonding of clay particles and 
making the soil susceptible to dispersion when it becomes saturated. Such soils are known to occur 
on the Murray River Plain, typically occurring within the near-surface alluvial sediments. 
 
When a dispersive soil is wetted, the structure of the soil collapses, which can result in slumping of 
the ground or tunnel gully erosion. Alternatively a reduction in the soil pore space can lead to dense 
high strength soils when dry, with very low infiltration and water-logging common. It is possible these 
soils will be present within the study area, although no evidence of dispersive soils was observed 
during the site walkover. Testing can be carried out on soil samples to determine the presence of 
dispersive soils. 
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7 Geotechnical considerations for 
environmental constraints assessment  

7.1 Overview 
The geotechnical considerations for the Tooleybuc Bridge replacement are set out below. The 
considerations discussed are predominantly consistent for each of the three general alignment 
options being considered. Potential geotechnical differentiators between different alignment options 
may be considered in terms of cost in relation structure length and associated interaction with the 
recent river sediments. A longer alignment extent over these weaker soils will tend to require 
additional cost to manage the likely constraints over and above infrastructure formed over sand dune 
areas. All considerations identified have established engineering solutions commonly adopted for civil 
infrastructure. 
 
No clear geotechnical differentiator was found for the different potential bridge locations within the 
study area other than areas of increased river bank erosion at the outside of river bends (tending to 
increase project costs). 
 
The geotechnical advice provided below is predominantly high level and based on a desktop analysis 
and high level site walkover only. All recommendations will require review and confirmation during 
subsequent design stages, including site specific geotechnical investigations.  
 

7.2 Bridge Foundations 
Pile foundations are likely to be required for the proposed replacement bridge due to the likely 
thickness of weak near-surface sediments. Driven piles (eg pre-formed concrete or steel piles driven 
into place) are likely to be a suitable, founded in underlying denser sands and gravels (Monoman 
Formation). Reinforced concrete bored piles ( eg excavated then constructed in situ) are expected to 
be less suitable given the expected high groundwater levels and potentially loose sediments, that 
would be prone to collapsing during the pile excavation.  
 
Driven piles are relatively noisy and can induce vibrations within the surrounding ground during 
construction, especially where dense near surface layers are encountered. Such effects are 
commonly accommodated through consultation and monitoring to confirm no permanent damage to 
nearby structures is caused. Vibration effects decrease rapidly with setback from the pile, hence are 
not likely to be a significant issue unless the bridge is located in close proximity to existing buildings.  
 
Bedrock is likely to be encountered at significant depth below the site and therefore not a practical 
option to support pile foundations.  
 
No records of the existing bridge foundations were available at the time of writing this report, but 
these records may give some indication as to the depth of a suitable support stratum (eg dense sands 
or gravels). Given the bedded nature of the ground conditions and potential for weaker sediments at 
depth, the bearing stratum will require confirmation to below the pile base level.  
 
Piling design and construction will need to consider the presence of the semi-confined aquifer within 
the Parilla Sands if long piles are required (subject to confirming the ground conditions at the bridge 
site).  
 
Erosion and scour will need to be considered in the design and construction of the bridge abutments 
and any intermediate piers. The extent of scour protection is expected to vary between options, but 
would not preclude any of the three locations. Rather, it would become a consideration of project cost, 
for example it is expected that construction of the new bridge within a straighter section of the river 
(such as that associated with the Central and Upstream options) would require less scour protection 
and stabilisation and would therefore be less expensive.  
 
The potential for liquefaction will require assessment at the proposed bridge location and may 
influence the depth of piles and design loads, in particular for abutment loads. 
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7.3 Bridge Abutments 
The setback and height of the bridge abutments will be influenced by hydraulic design requirements 
(eg conveyance of flood flows) and the clearance requirements for vessels. The setback of abutments 
from the river bank will also be influenced by geotechnical requirements (eg slope stability and river 
bank scour).   
 
Site observations indicate that the abutments for a new bridge will need to be either set back by 
several metres from the existing riverbank or will require ground improvements to strengthen the 
supporting ground. Open abutments, comprising earthworks on a gentle slope, are expected to be 
more cost effective for a new bridge, rather than vertical retained abutments. Bridge abutments are 
recommended to be assumed to be open embankments, formed at 3:1 (horizontal to vertical), for the 
initial consideration of options, subject to confirmation by specific investigations and design.  
 
The approach embankments are expected to settle post construction and may induce down drag 
loads onto pile bridge foundations. These loads are quite common for pile supported bridges near 
rivers and would not be a significant differentiator between options.  
 
Retained approaches, if required to limit encroachment over adjoining land, may require ground 
improvements to provide adequate strength.  
 
The ground supporting the bridge approaches will require a detailed investigation for liquefaction, and 
would require additional strengthening measures if liquefaction was found to occur in a design 
earthquake event. This is considered to be a low risk at this location, but is recommended to be 
evaluated early in the design process due to the significant adverse consequences if it is found to be 
a constraint later in the project development process.  

7.4 Earthworks 
Relatively conservative embankments of 3:1 (horizontal to vertical) are recommended over recent 
sediments near the Murray River for the initial consideration of options. Steeper slopes maybe 
possible within areas underlain by dune sand. Embankments will require consideration of settlements, 
typically managed during construction through pre-loading or surcharging and by adopting deep 
foundations for settlement sensitive infrastructure.  
 
Locally sourced materials are expected to be suitable for earthworks. Dune sands will tend to be 
prone to erosion, typically managed by establishing robust vegetation cover and avoiding 
concentrated stormwater discharges onto these materials.  
 
Minor cuts and fills may be required to construct the bridge approaches and local road connections 
through the dunes in NSW. Existing cuts within the dune sands have been formed at around 2:1 
(horizontal to vertical). Cut slopes in sand will also require consideration of erosion with similar 
treatment options to those noted above. 

7.5 Pavement Subgrades 
The existing paved roads through Tooleybuc were generally observed to be in reasonable condition 
during the site walkover. Extensive patching was observed on Lea Street on and around the dune 
crest.  
 
Low strength subgrade may be encountered within the Murray River flood plain and variable subgrade 
strength may be encountered within the study area. These materials may also be subject to seasonal 
shrink-swell type movements, as discussed in Section 6. 
 
The materials observed are commonly used as pavement subgrades utilising well established 
pavement design practices. Pavements over sand dune areas are likely to be thinner and therefore 
less costly than pavements over river sediments recent sediments.  
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