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Glossary
Aggradation. Increase in elevation (e.g. of a riverbed) due to the deposition of sediment carried by
a river, stream, or current.
Aggrade/aggraded. See aggradation.
Backswamp. Depositional environment commonly found in a floodplain, usually behind a river’s
natural levees, where deposits of fine silts and clays settle after a flood.
Barmah Choke. A narrow section of the River Murray where it passes through the Barmah-Millewa
forest (also referred to simply as ‘the Choke’).
Bathymetry. The study the depth of water bodies, also often used to describe the data (i.e. depth
measurements) produced through bathymetric surveying.
Bedform. A feature that develops at the interface of fluid and a moveable bed, the result of bed
material being moved by fluid flow. Examples include ripples and dunes on the bed of a river.
Bedload. Sediment (in particular sand) that is transported along the bed of a river, as opposed to
suspended in the water column.
Birds foot delta. Type of river delta with multiple branching and narrowing channels, with natural
levees, that extend seaward like outstretched claws (e.g. Mississippi River delta).
Celerity. Speed of movement (e.g. of sediment in a stream).
Crevasse-splay. Sedimentary fluvial deposit which forms when a stream breaks its natural or
artificial levees and deposits sediment on a floodplain.
Conveyance. Geometric characteristic of a river or watercourse at a given point that determines the
flow-carrying capacity at that point (also referred to simply as flow capacity).
Discharge. The volumetric flow rate of water that is transported through a given cross-sectional
area of river channel.
Distributary. A stream channel that branches off and flows away from a main river channel (as
opposed to a tributary which flows towards the main channel).
Distributive Fluvial System (DFS). Class of river system commonly characterised by flow
distributaries and a downstream decrease channel width, discharge, bedload transport.
Effluent. Also referred to as offtakes, effluents are distributary channels that carry flow away from
the main River Murray channel. Includes Gulf Creek, the Edward River and Culpa Creek (among
many others).
Flow. See discharge.
Grain size. Diameter of individual grains of sediment, commonly described using descriptive classes
from the Wentworth scale that ranges from clay (smallest) through silt, sand, gravel, cobbles, and
boulders (largest).
Morphology. In geography and related disciplines, morphology is synonymous for the physical form
(or shape) of landforms, including rivers.
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Natural flow. The flow rate in the River Murray, produced using hydrological modelling, that would
be expected if there were no infrastructure like dams and regulators, or consumptive water uses
like irrigation. Used in contrast to regulated flow.
Offtake. See effluent.
Regulated flow. The flow rate in the River Murray under actual regulated conditions (with
infrastructure, irrigation etc.), measured using gauging stations. Used in contrast to natural flow.
Sand slug. A body of sand deposited in a stream channel, often conceptualised as a wave migrating
along the bed of the stream. Normally they disperse over time and are often spread over long
distances of river.
Sediment transport rate. The rate at which sediment (e.g. sand) is moved along a stream channel,
either as bedload or suspended sediment. Typically measured in kilograms/second.
Sediment load. The amount of sediment (e.g. sand) carried through a particular location in a stream,
over a given period. Typically measured in cubic meters/day but can also be considered over longer
periods (e.g. cubic metres/year).
Source model. Hydrological modelling platform used for integrated river basin water resources
modelling and comm only used to guide water policy, water resource planning, and decisionmaking.
Sub-bottom profile. The results of a type of bathymetric surveying technique that uses acoustic
instruments to measure the thickness of different layers of material on a riverbed (e.g. bedload
thickness).
Subcritical flow. Describes water whose flow velocity is less than the velocity of waves travelling on
its surface (in contrast to supercritical flow).
Suspended sediment. Sediment that is transported along a river within the water column, as
opposed to along the bed of a river.
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Executive Summary
The Problem
 The Barmah Choke (‘the Choke’) is a narrow section of the River Murray where it passes
through the Barmah-Millewa forest, beginning around Bullatale Creek, 26 km downstream
of Tocumwal, NSW and extending as far as Barmah Township, Victoria.
 Limited flow capacity through the Choke has always posed an operational challenge for
managing irrigation transfers down the river because it constrains the volume of water that
can be transferred downstream.
 Multiple lines of evidence suggest that the hydraulic capacity of the Barmah Choke has
declined over recent decades, exacerbating operational challenges.
The Hypothesis
The primary hypothesis investigated in this project is that a large pulse of sediment (i.e. a sand slug)
from gold mining and other land use changes in the Upper Murray, Kiewa and Ovens Rivers, from
the late 1800s to early 1900s, is now accumulating in the Barmah Choke, causing the channel to
aggrade and reducing flow capacity.
Project Question and Objectives
This project explores this hypothesis through a targeted investigation of sediment transport within
the Barmah Choke. The central question addressed is:
How will sediment movement in the River Murray impact on flow
capacity in the Barmah choke?
This question is broken down into three key objectives:
1. Determine the volume and spatial distribution of bed sediment currently stored in the
Barmah Choke.
2. Estimate, through sediment transport modelling and analysis of bedforms, the rate at which
sediment moves down the River Murray and through the Barmah Choke.
3. Predict the consequences for the future capacity of the Barmah Choke, given the results of
objectives 1-3.
Barmah Choke Description
 The Barmah Choke is not a single point but rather an 80 km stretch of the River Murray (from
Bullatale Creek to the Barmah Lakes) along which channel depth and width progressively
decreases.
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 This is a low gradient (0.0001 m/m), low-energy section of the River Murray with multiple
effluent channels that water carry water onto and across the floodplain.
 Channel width peaks at 150 m at the upstream end of the Barmah-Millewa forest, declining
to a minimum of 40 m at the narrowest point near the Barmah Lakes.
Sediment Quantity and Distribution
 Approximately 2.9 million m3 of sand is presently stored in the 24 km section of the Barmah
Choke that was surveyed to produce sub-bottom profiles.
 Sediment grain size on the bed of the River Murray is dominated by coarse sand (20-200 µm)
in contrast to historical records of a clay bed with sandy point-bars (Grove, 2020).
 Wider upstream sections of the Barmah Choke are dominated by regular dune-shaped
bedforms typical of low-energy systems with abundant supplies of sand-sized material, in
contrast to the narrower downstream part of the Choke where scour pools and irregular
bedforms suggest a more limited sediment supply.
 A greater absolute volume of sand is stored in the river upstream in the Choke, but is spread
over a wider channel, compared to downstream, where a deeper layer of sand occupies a
narrower channel.
 Bed sediment is deepest at outside bends where scour pools have been infilled, suggesting
an increase in the supply of sediment since the pools were formed.
 Analysis of the bed sediment and its distribution within the Barmah Choke tends to support
the hypothesis that a sand slug (or multiple slugs) is reducing channel capacity as it makes
its way through the Choke.
Sediment Transport Rate
Results from hydraulic model outputs and sediment transport modelling mirror the trends in
channel capacity, showing a clear decrease in energy and transport rates downstream through the
Barmah Choke.
 Sand in the Barmah Choke mostly moves as large dunes on the channel bed.
 Constrained channel capacity acts as a fundamental control, reducing sediment transport
rates downstream even under high upstream discharge scenarios.
 Step changes in transport rates occur at offtakes (i.e. effluent channels) where diversion of
flow reduces water discharge without removing bed load.
 At the upstream end of the Choke annual sediment loads range from 230,000–250,000
m3/year during years with no major floods, to over 500,000 m3/year during a major flood
year (180,000 ML/d event recorded at Tocumwal in 2016).
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 Downstream, where transport rates are lowest, annual sediment loads ranged from 70,000–
80,000 m3 with loads during a flood year greater than non-flood years, but still greatly
reduced compared to upstream.
Barmah Choke sediment transport under current regulated flow conditions was also compared to
what would be expected under theoretical ‘natural’ conditions (no dams, infrastructure, irrigation
etc.) using hydrologic model outputs. The results reveal the following differences in transport
dynamics under regulated and ‘natural’ flow:
 Regulation reduces the magnitude of peak flood discharges entering the Choke, while also
increasing baseflow with long duration regulated irrigation flows.
 Flow regulation has had the effect of increasing the sand transport rate through the Choke.
In a non-flood year long duration regulated flows increase transport capacity by about 10%.
 Critically, this increase in capacity is more than offset by a reduction in sand entering the
Choke, due to a reduction in peak flood discharges from upstream.

Consequences for the Barmah Choke
The decrease in sediment transport rates and annual loads from upstream to downstream in the
Barmah Choke is critical to the future flow capacity (conveyance) of the Choke.
 As channel area, energy, and transport rates decline along the river’s course, its ability to
transport sand decreases.
 Declining transport rates downstream inevitably mean that sand will aggrade the bed, and
the Barmah Choke must lose flow capacity. Progressively, more suspended sediment will be
lost to offtakes and the floodplain. However, more sand (i.e. bedload) will remain in the main
channel, aggrading the bed, displacing more water to the offtakes, triggering more
deposition and so on in a feedback loop. Eventually the feedback loop must end with the
river avulsing into a new course (without intervention).
 During non-flood years estimated vertical aggradation can be as much as 5-6 cm/year in the
widest upstream parts of the Choke, compared to around 2 cm/year for the narrowest
downstream sections.
 In a large flood year aggradation rates may be substantially higher, at 9 cm/year upstream
and 4.5 cm/year in the downstream narrows.
 Bed aggradation over the last 30 years is estimated to be around 70 cm for the most
downstream section of the Choke, compared to 1.9 m at the upstream end.

Conceptual Model
 The River Murray through the Barmah-Millewa forest is not a typical river where channel
capacity, flow, energy, and sediment loads increase downstream. Instead it is an example
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of a Distributive Fluvial System (DFS), which are characterised by downstream increases in
distributary flows and decreases in channel dimensions.
 The channel system breaks down into small channels akin to a birds-foot delta.
 Introduction of the sand slug into the Barmah Choke serves to accelerate the rate at which
the channel aggrades and loses flow capacity.
 It is very unlikely that the sand slug will simply migrate through the Choke. It is more likely
that sand will continue to accumulate until the channel avulses.
Next Steps
The next step is to assess options for managing channel capacity in the Barmah Choke, including:
 Identification of the full suite of options available (e.g. sand extraction, increased reliance
on effluents, altering the way flows are regulated).
 Assessment of all options against criteria that consider the social, cultural, ecological, and
economic implications of such actions.
 Engagement with stakeholders including Traditional Owners/Custodians, water consumers,
recreational uses, scientists, decision makers.
Additional suggestions for further work that would help fill remaining knowledge gaps include:
 Explore in more detail the role that effluents/offtakes play in controlling where sand is
deposited, and how much sediment is transported out of the main channel into effluents
and onto the floodplain. This could be split into two stages, one using existing desktop
information and another using targeted field investigations at key offtakes that control the
processes of sand transport.
 Extend sand depth measurements and bathymetric data upstream and downstream of the
current extent through additional acoustic surveying, including downstream of Picnic Point
in the Choke, and upstream of Tocumwal towards the Yarrawonga weir. This should include
repeat bathymetric surveys to assess change in bed elevation.
 Compute a series DEMs-of-Difference between repeat bathymetric survey data and previous
(i.e. 2019) bathymetry for multiple locations along the Choke, thereby providing direct
observational evidence on the rate of aggradation occurring.
 Validate the sediment transport rate modelling with field measurements, including
measuring dune celerity (e.g. with acoustic instruments).
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section one
1. Introduction
The Barmah Choke (‘the Choke’) refers to a narrow section of the River Murray where it flows
through the Barmah-Millewa Forest, between Tocumwal NSW and Barmah, Victoria. Streamology
was engaged by the Murray-Darling Basin Authority (MDBA) to conduct an investigation into
sediment transport dynamics within the Choke, and the impact that variability in transport rates
and channel form along the Choke are likely to have on channel capacity in this narrow part of the
River Murray.

1.1. The Problem: Channel Capacity constraints in the Barmah Choke
The natural narrowing of the River Murray through the Barmah Choke has always presented a major
constraint on the discharge capacity of the river. The restriction provides an operational challenge
for the MDBA as it attempts to manage delivery of water from upstream to downstream of the
Choke to meet peak irrigation demands.
Over the last 20 years the problem of water delivery through the Choke has been exacerbated by
an apparent further decline in channel capacity. Decreasing bank-full gauge height records at Picnic
Point, flow trials conducted by the MDBA, decreased commence to flow rate for small effluents, and
more frequent overbank floods all point towards a recent reduction in capacity (Water Technology
2020a). However, detailed investigations failed to find conclusive evidence of a decline, whether
examining hydrographic records (MDBA 2009) or geomorphic data (Water Technology 2020a).
Rather than concentrating on conveyance, this investigation takes a different approach to the
problem, focussing instead on the key processes that could reduce capacity. This first section of the
report describes the approach we went through to decide that bed sediment accumulation was a
critical process to consider.

1.2. Hypotheses Considered
Working under the assumption that capacity in the Barmah Choke has declined in recent decades,
this investigation began with a workshop involving the Streamology project team and MDBA to
review the evidence for physical processes that could lead to a decrease in conveyance. Key studies
informing the review were:
 Barmah Choke Study: Investigation Phase Report (MDBA 2009).
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 Barmah Choke Channel Capacity and Geomorphic Investigation (Water Technology 2020a)
Note that a report by Grove (2020) has also now explored these mechanisms in more detail. Four
of the key processes that could reduce conveyance were:
1. Large woody debris build-up
An increase in the volume of large woody debris in the channel could reduce discharge through a
direct reduction in channel capacity and an increase in roughness. However, up until the 1990s fallen
logs (river red gums) were routinely removed from the river. Grove (2020) concludes that the
resultant decrease in flow resistance almost certainly contributed to increased erosion, particularly
in the upstream reaches near Yarrawonga. This erosion has contributed to the present sand slug.
From the 1990s, as the ecological value of the logs was recognised, logs were either left where they
fell, or were pulled around onto the bank face.

2. Channel infilling from bank derived sources
Also considered was infilling of the channel driven by a supply of sediment from bank erosion below
Yarrawonga Weir (upstream of the Barmah Choke), where substantial erosion has occurred since
the 1980s. Grove (2020) concluded that such bank erosion was an important source of sand being
deposited on the bed of the Choke. However, the dominant bed material in the Choke is sand (Water
Technology 2020b), which makes up only a small component of bank material (< 20 %). To account
for a capacity reducing level of bed deposition, a significant amount of bank erosion would be
required and would certainly be compensated for by a widening channel. Given that the riverbanks
are only 20% sand, any increase in width would lead to a net increase in channel capacity despite
any deposition on the bed, as the majority of eroded material would be fines that are carried
downstream in suspension.
3. Bed aggradation caused by offtakes
The Choke may be experiencing bed aggradation caused by ‘skimming’ where offtakes and effluents
remove an increasing proportion of flow from the main channel while leaving bedload sediment in
the main channel (and decreasing main channel energy, lowering sediment transport rates). This is
certainly occurring based on some evidence of erosion of offtake channels that are starved of
sediment (Gippel and Blackham, 2002). The result would be localised aggradation in the main
channel near offtakes, but not likely enough to explain the overall decline in the capacity in the
Barmah Choke.
4. Bed aggradation caused by a sand slug
The workshop concluded that the most likely explanation for the primary cause of decreasing
channel capacity could be a slug of sand passing down the river. This slug could have come from

Streamology Pty Ltd

8

historical land use change (particularly gold mining in catchments such as the Upper Murray, Kiewa
and Ovens Rivers). The large volume of sediment generated by this activity, starting around the
1870s and peaking in the 1930s, would have moved slowly downstream over the last century and,
if now passing through the Barmah Choke, it could be causing aggradation and a reduction in
capacity.
The magnitude of the effect of sand on channel capacity would depend on 1) the volume of
sediment in the bed; 2) how it is distributed in (and upstream of) the Barmah Choke; and 3) the rate
at which it is being transported.

1.3. Overarching Question for this Investigation
This investigation explores the sand slug hypothesis by examining sediment transport and
differences in the sediment load throughout the Barmah Choke to better understand the potential
impacts on channel capacity. In particular, the central question of the investigation is:
How will sediment movement in the River Murray impact on flow
capacity in the Barmah choke?
This question is further broken down into three objectives:
1. Determine the volume and spatial distribution of bed sediment currently stored in the
Barmah Choke.
2. Estimate, through sediment transport modelling, the rate at which sediment moves down
the River Murray and through the Barmah Choke.
3. Predict the consequences for the future capacity of the Barmah Choke, given the results of
objectives 1-2.

1.4. Report Structure
The central structure of this report is based around the three objectives above. Understanding the
character of the Barmah Choke is essential to understand the approach taken to this study,
especially the sediment transport modelling, so we begin with this description in Section 2.
Following this, the approach taken in the investigation is briefly described in Section 3. The key
objectives are addressed in Sections 4-6 and a new conceptual model for the Barmah Choke is
presented in Section 7. Finally, suggestions for further work are provided in Section 8.
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section two
2. Barmah Choke Description and Channel Morphology
The Barmah Choke refers to a narrow section of the River Murray where it flows through the
Barmah-Millewa Forest (Figure 1). The Choke is associated with the tract of the River Murray where
it leaves a narrow section of floodplain (a confined reach) and enters a large, low-angle, alluvial fan
formed above the Cadell Fault block, known as the Barmah Fan.
River distances and locations along the Choke described in this report are all measured in terms of
kilometres downstream of Tocumwal. Tocumwal is located 26 km upstream of the start of the
Barmah-Millewa Forest. The focus of this investigation is the entire 120 km tract between Tocumwal
and Barmah township downstream. However, the limited extent of the input datasets (e.g. 2019
bathymetry) constrains many of the analyses to a sub-section of this reach that begins 26 km
downstream of Tocumwal and extends for a further 78 km (Figure 1 B).
This section of the River Murray is a distributary system with multiple effluent channels that split
off from the main channel to the north and south. Flows are heavily regulated for most of the year
and some effluents (e.g. Edward River offtake) are used to bypass the narrower downstream section
of the Barmah Choke. The gradient of the Murray in this section is very low, averaging 0.0001 m/m
along the whole Choke (Figure 2).
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Figure 1. (A) Map of the Murray-Darlin Basin showing the location of the Barmah-Millewa forest (MDBA 2008). (B) Map of the
Barmah Choke from Tocumwal to Barmah township, showing the coverage extent of key datasets and chainage distances.
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Figure 2. Plot of River Murray bed elevation for the Barmah Choke. Average gradient is 0.0001 m/m.

While the Barmah Choke is sometimes conceptualised as one or more individual constriction
points1, data indicates that the river continuously narrows in a downstream direction almost all the
way through the Barmah-Millewa Forest. Analysis of bank lines along the Choke indicate a mostly
constant decrease in bankfull width from a maximum of 140 m at the upstream end (26 km
downstream of Tocumwal) to a minimum of 42 m (107 km from Tocumwal) near Cutting Creek
upstream of the Barmah Lakes (Figure 3). Downstream of this minimum, the width increases rapidly,
reaching 86 m at Barmah Township.
Note that most rivers increase in width downstream as tributaries enter. The downstream decrease
in width shown in Figure 3 is characteristic of a Distributive Fluvial System (as discussed in Section
7: Barmah Choke Conceptual Model). The nominal reason for the decrease in dimensions is the
diversion of water into effluent channels, however the reality is complex—it could also be the case
that diversion of water into effluents occurs because channel dimensions are declining for other
reasons. These issues are discussed further in the conceptual model section below.

1

https://www.mdba.gov.au/managing-water/water-markets-trade/barmah-choke
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Figure 3. Plot of River Murray bankfull width for the Barmah Choke.

Maximum bankfull depth also decreases through the Choke, although not as steadily as width.
Depth generally increases from the upstream limit of the bathymetric data (26 km from Tocumwal)
until it peaks at about 10 m at the 37 km mark. It then decreases steadily to around 5 m on average
at the 60 km mark. Depth continues to fluctuate around this depth for the remainder of its course
downstream (Figure 4). Thus, changes in depth do not precisely mirror the changes in width. The
result is complex downstream changes in channel cross-sectional area and conveyance. Note that
because of the limited coverage of the 2019 bathymetric data, bankfull depth could not be
estimated beyond the 104 km mark (in contrast to bankfull width which can be estimated for the
whole Choke from LiDAR).
10
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Figure 4. Plot of River Murray maximum bankfull depth for the Barmah Choke.
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The combination of the declining width and depth compounds to substantially reduce the crosssectional area through the Choke. From a peak of about 1000 m2 at 34 km downstream of
Tocumwal, area declines to a minimum of 250 m2 at the 94 km mark, 10 km downstream of Picnic
Point (Figure 5). This decrease represents a 75 % reduction in cross-sectional area which will
translate into corresponding decreased conveyance, depending on channel slope and roughness.
This decline in cross-sectional area is a critical factor in understanding the sediment transport
dynamics of the Barmah Choke.
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Figure 5. Plot of River Murray cross-sectional area for the Barmah Choke
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section three
3. Investigation Approach
This section briefly outlines the approach taken to this investigation. A more detailed description of
the methods used, and input data, are provided in Appendix A.

3.1. Channel Dimensions and Bedload Volume Analysis
Elevation measurements were extracted from available bathymetric and lidar digital elevation
models (DEMs) to determine channel dimension metrics for the Barmah Choke including bed
elevation, bankfull width and bankfull depth. Average bed sediment thickness measurements were
generated from sub-bottom profile data (Acoustic Imaging 2020). The extent of coverage of each
metric varied depending on the extent of the input data. For example, metrics derived from
bathymetric data are limited to the 81 km (beginning 23 km downstream of Tocumwal) covered by
the survey data, and sub-bottom measurements of sand bedload thickness are even more limited
(Figure 6).

Figure 6. Map of the Barmah Choke showing the extent of key input datasets, and chainage distances (from Tocumwal).

The specific datasets used, and their sources, are detailed in Appendix A.
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3.2. Sediment Transport Modelling
The sediment transport rate (kg/s) was calculated at fifteen cross-sections spread along the study
reach (Figure 7). Locations were chosen to cover the entire length of river for which high-quality
bathymetry is available and spread relatively evenly so that downstream trends in sediment
transport rates would be visible. Additional sites were included immediately upstream and
downstream of key offtakes (Black Engine, Mary Ada and Gulf Creeks, and the Edward River) so that
any step changes in transport rates would be included.

Figure 7. Map of the Barmah Choke showing location of sediment transport modelling sites and their distance from Tocumwal.

At each cross section, the instantaneous sediment transport rate was calculated, using multiple
sediment transport equations. Equations included:
 Combined bedload and suspended load models (Yang 1973; Ackers & White 1973; van Rijn
1984)
 Bedload only models (Bagnold 1980; Myer-Peter and Muller 1948)
Input variables for the sediment transport equations were drawn from the MDBA’s linked 1D–2D
hydraulic modelling supplied for this study (MDBA/Water Technology 2020). Bed shear stress, crosssection-averaged flow velocity, energy gradient, water surface elevation and flow depth were
extracted from the modelling results at each of the fifteen cross-sections.
Transport rates were calculated for four steady-state flow scenarios, intended to cover a range of
typical discharge conditions at the upstream boundary of the model (Tocumwal): 2,500 ML/d,
10,000 ML/d, 20,000 ML/d and 60,000 ML/d. The lowest scenario (2,500 ML/d) represents winter
low flows at Tocumwal, whereas 10,000 ML/d is roughly equivalent to the regulated flows
maintained during irrigation season in most years. The 60,000 ML/d scenario represents flood
conditions (although still below the minor flood level for Tocumwal of 74,000 ML/d).
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3.3. Channel Capacity Change
The predicted impact of different transport rates on channel conveyance was assessed using the
results of the sediment transport modelling. Transport rates for the four different steady state
discharge scenarios were used to construct a set of approximate sediment transport rating curves.
Rating curves were applied to flow hydrographs from the Tocumwal gauge to estimate sediment
loads and rates of aggradation for five different reaches within the Choke. The same process was
also applied to outputs from the hydrologic Source Murray Model ‘without development’ scenario
(MDBA 2012), which represent Tocumwal flows under near-natural conditions (without dams,
irrigation infrastructure, or consumptive users).
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section four
4. Bed Sediment in the Barmah Choke
If sediment is causing aggradation in the Barmah Choke, its volume, location, and distribution all
have consequences for the future of the Choke. This section describes the bed and sediment of the
Barmah Choke, before exploring the current volume and distribution of sediment in upstream and
downstream reaches. Note that we do not discuss the likely source of the sand in the river as this is
covered in detail in Grove (2020).

4.1. Bed Description
The bed of the River Murray varies in its characteristics along the length of the Barmah Choke.
Bathymetric data reveals that upstream of Picnic Point (94 km mark) the bed is dominated by highly
regular dune-like bedforms (Figure 8). Typical amplitudes of the dunes range from 0.5 to 1 m, with
wavelengths of 20-40 m, and are present along almost the entire channel upstream of Picnic Point,
including around bends (Figure 9). Such dunes demonstrate that this is a sand-dominated bed
experiencing sub-critical flow conditions.
A
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Flow
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Flow direction

Figure 8. Dune bedforms in the Barmah Choke. (A) Map of the Choke upstream of Picnic Point, showing the location of panels
(B-D) shaded relief maps of the channel bed showing dunes.
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Figure 9. Vertically exaggerated oblique 3D view, generated from bathymetric data, showing an example of dune bedforms
migrating around a bed in the Barmah Choke (the angle of view shown in panel C is indicated in panel B).

In contrast to upstream of Picnic Point, the pattern of bedforms downstream of the 94 km mark is
less uniform, with dune bedforms only appearing occasionally for short sections. Water Technology
2020a also noted the more varied channel bed morphology downstream of Picnic Point, with scour
pools, ledges and submerged large woody debris all found to more prevalent (Figure 10).
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Figure 10. Irregular bedforms downstream of Picnic Point. Reproduced from Water Technology (2020a)

A more varied, or more complex, bed suggests an environment less dominated by mobile bed
sediment. Sand is preferentially deposited in pools and shallow depressions on the streambed. As
sand supply increases and pools and depressions are infilled, bed relief decreases, and the channel
bed is smoothed. Smoothing and simplification of the channel bed, which reduces channel
complexity, is thus one proxy for persistent sediment deposition and bed aggradation. In addition
to qualitative assessments of bedforms, it is possible to examine bed complexity quantitatively,
using the bathymetric data. The standard deviation (SD) of the bed elevation was calculated along
100 m subsections of channel (Figure 11Figure 11. Standard deviation of bed elevation in the
Barmah Choke, used as a proxy for bed complexity.) and used as a proxy for complexity (see
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Appendix A for description of method). The result shows a slight trend towards increasing SD
downstream, indicating greater bed complexity further into the Choke and, therefore, less infilled
pools and less bed sediment.
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Figure 11. Standard deviation of bed elevation in the Barmah Choke, used as a proxy for bed complexity.

4.2. Bed Sediment Composition
Historic records indicate that while most of the bed of the River Murray was dominated by sand,
the Choke had sections of clay bed, although it had sandy point bars in sections (Grove, 2020).
However, recent sediment sampling in the lower half of the Barmah Choke (78–113 km from
Tocumwal) indicates that bed material today is entirely dominated by sand (Figure 12. Sediment
size sampling results size (Water Technology 2020b). (A) Map showing locations of the samples, and
(B) grain size fraction for each sample. Note that site numbers have been altered from the original
source to be in order downstream.). The average particle size of bed material is coarse sand (2002,000 µm), however there is a slight trend towards fining downstream (Figure 12). There is 20%
gravel in the most upstream sample, and no gravel and 30% silt and clay in the most downstream
sample.
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Figure 12. Sediment size sampling results size (Water Technology 2020b). (A) Map showing locations of the samples, and (B) grain
size fraction for each sample. Note that site numbers have been altered from the original source to be in order downstream.

4.3. Sediment Quantity and Distribution
A crucial dataset for exploring sediment quantity and distribution is the bed material thickness
measurements, extracted from sub-bottom profiles by Acoustic Imaging (2020) and supplied for this
investigation (see, for example, Figure 13). The profile data has been interpreted by Acoustic
Imaging to define a bedload layer, where this layer represents non-cohesive sediment that can
readily be transported by the flow as bedload (typically sands). Whether the full depth of sediment
identified as the bedload layer does actually move under different flow conditions in the river has
not been investigated.
Note that this data does not cover the full length of the Barmah Choke, instead beginning 74 km
downstream of Tocumwal and extending for a further 24 km to just downstream of Picnic Point (see
data extents in Figure 6). This sub-section details the results of several analyses of this data,
including directly examining average thickness, bedload as a proportion of bankfull depth, and the
volume of sediment present (taking into account channel width). Note that we are assuming here
that the interpretation of the bedload-thickness (i.e. sand depth) provided in Acoustic Imaging
(2020) is correct.
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Figure 13. Example sub-bottom long profile showing thickness of the bedload layer. Blue arrows mark the boundary between
the bedload and sub-bottom (i.e. clay base). From (Acoustic Imaging 2020).

Along the entire reach covered by the data, mean bedload layer thickness is 1.17 m (S.D. 0.5 m) with
a minimum of 0.3 m (89 km downstream of Tocumwal) and a maximum of 4.9 m (93 km from
Tocumwal, just downstream of Budgee Creek). There is substantial variability, however some key
patterns are evident in the moving average (Figure 17). Sand thickness increases slightly
downstream. Mean thickness along the upstream half of the dataset (74-86 km) is 1.12 m, compared
to 1.22 m for the downstream half (86–98 km). Variability is greater and spikes (high thickness areas)
are more common downstream. Importantly, there are many prominent peaks where bedload is
3-5 m thick at bends and offtakes, especially at the downstream end (these associations are
described in Section 4.5).
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Figure 14. (A) Map showing bedload thickness measurements from sub-bottom profiles, and (B) a plot of bedload thickness
averaged every 25 m along the Choke. Arrows indicate peaks in bedload at bends and offtakes, dashed line is the linear trendline
and solid grey line is the horizontal for reference.
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When the depth of bed material is considered as a proportion of the channel cross-sectional area,
the pattern of variability remains the same (Figure 15). The overall mean proportion of the channel
cross section occupied by bedload for the entire dataset is 17 % (S.D. 6 %). The downstreamincreasing trend visible in the absolute thickness measurements is more prominent when
considering bedload proportionally. Along the upstream half of the data (74-86 km) bedload
occupies 15 % of the channel, compared to 18 % for the downstream half (86-98 km). The reason
for the downstream increase in proportion (as opposed to absolute thickness) is because the crosssectional area decreases in the downstream direction. Therefore, a greater proportion of the total
channel is taken up by bed sediment in the shallower, narrower portions of the Choke downstream
(see channel dimensions in Section 2).
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Figure 15. Plot of average bedload thickness as a proportion of cross-sectional along the Barmah Choke.

4.4. Total Sediment Volume
Whether examining bedload thickness in absolute terms, or as a percentage of bankfull depth, the
overall pattern suggests slightly greater depth of sand downstream. However, the total volume of
bedload stored in any given section of the Choke also depends on the width of channel that the
layer of sediment is distributed over. Multiplying bedload thickness by channel width and
longitudinal distance (25 m spacing between measurement points in this case) reveals average sand
volumes along the 24 km covered by the sub-bottom data (Figure 16).
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The total estimated volume of sediment stored in-channel along the full 24 km of the Barmah Choke
covered by the data, is 2.90 million m3 (an average of 120 m3 of sand per metre of channel length).
The larger pattern is reversed compared to absolute thickness, with a slightly greater volume
upstream than downstream. The volume of sediment stored in the upstream half of the channel
(74-86 km) is 1.53 million m3, whereas 1.37 million m3 occupies the downstream half (86-98 km).
The greater proportion stored upstream is explained by the substantially wider channel upstream
which means a greater total volume of sediment for a given thickness.
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Figure 16. Plot of average bedload volume every 25 m along the Barmah Choke. Calculated as thickness × channel width ×
longitudinal distance between measurements.

4.5. Bed Sediment, Offtakes and Bends
Bedload thickness is greater at river bends and offtakes (i.e. effluents). In Figure 14, Figure 15 and
Figure 16 above, peaks in sand-depth near bends are common. An example of this phenomenon is
provided in Figure 17, below. Unusually thick deposits of sand occur on the outside of most bends
(Figure 17 A). By comparing the sub-bottom data with the bathymetry (the bed surface) it is clear
the sand has filled former pools at the outside of bends. At the bend pictured in panels (B) and (C)
of Figure 17, 3.5 m of sediment has accumulated in the deepest part of the pool, compared to
around 1 m that overlies the bed between these bends apexes.
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Figure 17. Pool in-filling on outside bends. (A) Map of the Picnic Point area showing bedload thickness (from sub-bottom profiles)
with black circles indicating location of offtakes. (B) Shaded relief map showing bedload thickness in detail (black line indicates
location of cross-section below). (C) Cross-section of a bend with bed surface and sub-bottom showing thicker sediment in the
pool.

There is also a strong relationship between offtakes and deeper areas of sand. This can be seen by
plotting bedload thickness (i.e. sand depth) as residuals from a line-of-best-fit (Figure 18). There
are 16 major effluent offtake points along the 25 km of sub-bottom data. Only one of these offtakes
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is associated with sand depth below the mean. The other 15 are amongst the top 90 % of sand
depth measurements, and eight of the deepest sand depths occur at offtakes.
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Figure 18. De-trended bedload thickness residuals plotted with offtakes, showing the relationship between offtakes and thicker
bed sediment.

4.6. Evidence for a Sand Slug in the Barmah Choke
The most likely primary explanation for a reduction in channel capacity in the Barmah Choke, as
identified in workshop discussions at the start of this investigation, was the aggradation of the
channel bed caused by delivery of a large volume of sand (a sand slug). A sand slug is an unusually
large pulse of sediment entering a stream and overwhelming the normal transport rates such that
the bed aggrades. Review of sediment sources by Grove (2020) suggests that such a volume of
material is likely to have come from accelerated historical erosion of catchments including the
Upper Murray, the Kiewa River and especially the Ovens River during the 1870s to the 1930s.
Sand slugs are often characterised by simplification of bed morphology as the sediment fills local
pools or deep points. This is evident in the data examined in this investigation. Bathymetric data
shows that the bed of the river has extremely uniform morphology. The bed upstream of Picnic
Point is dominated by regular dune bedforms, and bedload thickness measurements indicate that
scour pools on the outside of bends have been in-filled. Combined with sediment sampling that
indicated a bed covered by sand, where finer material was once more common (Grove 2020), these
lines of evidence suggest that the channel of the River Murray through this reach has been
overwhelmed by a pulse of sand (i.e. a sand slug) at least upstream of Picnic Point. Downstream of
Picnic Point the lack of bedload thickness data makes quantifying sediment volume difficult.
However, more irregular bedforms (scour pools, ledges, submerged wood) and a relative lack of
dunes (Water Technology 2020a) suggests that if a sand slug is present, it has not yet impacted the
downstream part of the Choke to the same degree.
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The River Murray through the Barmah Choke was surveyed in the 1870s, and again in 1976. The
deepest point of the 40 historical cross-sections surveyed in 1976 can be compared with the
corresponding point on the bed of the river in the 1876 charts. The comparison suggests that
between those dates the riverbed aggraded by an average of one metre, but up to three metres in
places (Figure 19). This depth corresponds with the general depths of sand presently moving
through the reach. This supports the proposition that the sand in the bed of the river has arrived in
the last century and was already in the channel by the 1970s. There does not seem to be a particular
downstream trend to the amount of aggradation shown in Figure 19.
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Figure 19. Difference in bed elevation between the 1876 and 1976 thalweg surveys for the riverbed between Tocumwal and
Echuca.

4.7. Summary
The bed sediment analysis presented in this section has shown the following:
 Channel dimensions decrease progressively downstream with width declining at a consistent
rate, but with depth decline being more variable.
 An estimated 2.9 million m3 of coarse to medium sand has filled the channel and simplified
the morphology (between 74 and 98 km from Tocumwal).
 The sand is moving as distinct dunes with around 0.5-1 m amplitude and 20-40 m
wavelength.
 Average bedload thickness (sand depth) along the stretch covered by sub-bottom data is
1.17 m, increasing slightly downstream.
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 The absolute volume of sand is greater upstream than downstream, however, further
downstream a greater proportion of the channel is filled with sand (owing to the
downstream decreasing channel size).
 Former pools (deep points) at the outside of meander bends have been filled by sand leaving
a uniform sand bed.
 Sand depth is also greatest at offtakes.
 More irregular bedform morphology suggests that, downstream of Picnic Point (beyond the
limit of the sub-bottom survey data), there is less sand stored in the channel.
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section five
5. Sediment Transport Rate Modelling
5.1. Hydraulic Model Outputs
The key input data for the sediment transport modelling was results extracted from the MDBA’s
linked 1D – 2D hydrodynamic model of the Barmah Choke (MDBA/Water Technology 2020) . Results
from four different steady-state model scenarios were used to assess sediment transport at a range
of discharges. Note that discharge values for each scenario (2,500 ML/d; 10,000 ML/d; 20,000 ML/d;
and 60,000 ML/d) refer to flow at Tocumwal, the upstream boundary of the hydrodynamic model.
Key hydraulic parameters (discharge, velocity and shear stress) are presented here as they provide
context for understanding the sediment transport results in Section 5.2, below.
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The downstream decreasing trend in channel dimensions like cross-sectional area (detailed in
Section 2 and also shown below in Figure 20) is also apparent in the hydraulic model outputs (Figure
21), highlighting the controlling influence channel form has on hydraulics.
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Figure 20. Plot of River Murray cross-sectional area for the Barmah Choke

For the two highest steady-state flow scenarios (20,000 and 60,000 ML/d) local discharge declines
downstream in a stepwise fashion (as flow is removed from the channel at offtakes) with results
also converging downstream. This assumes the model captures any flow re-entry that occurs. For
the lowest steady-state scenarios (2,500 and 10,000 ML/d), discharge remains largely constant
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without the step-changes seen in high discharge scenarios, due to these model runs being
conducted with most regulators closed (except for Gulpa Creek and Edward River). The broad-scale
patterns of downstream decrease and convergence between scenarios are similar for velocity and
shear stress, although the latter is more variable, with a large peak directly downstream of Black
Engine Creek and a trough after Toupna Creek visible in all scenarios.
Combining the variations in channel morphology, and losses at effluents, produces a complex
pattern of velocity variation, and then an even more complex pattern of shear stress. The shear
stress pattern has the most influence on sediment transport. The longitudinal velocity variation can
be divided into four distinct sections (Figure 21). The most important feature of the velocity profile
is upstream (sections 1 & 2) larger floods have higher velocities, but for floods greater than 10,000
ML/d the velocities all converge to essentially the same value below the Gulf Creek regulator. The
same pattern is true for shear stress: extreme variation upstream of the Gulf regulator and
converging to a consistent value for all floods below the regulator. At a flow of 2,500 ML/d the
velocity remains remarkably consistent through the entire reach but is slightly lower at the
upstream end near Tocumwal. At 10,000 ML/d, which is close to the regulated irrigation discharge,
the velocity is about 1/3 higher than that of the 2,500 ML/d flow. The velocity also remains very
consistent downstream except that it increases progressively from around 0.4 m/s to 0.6 m/s in
section 3. Velocity progressively falls downstream to a minimum in the bottom 10km of the study
reach.
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Figure 21. Key of hydraulic model results used as inputs for sediment transport modelling. (A) discharge, (B) velocity and (C) shear
stress. Circles show areas of anomalously high or low shear stress. Data provided by Water Technology via MDBA.
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5.2. Sediment Transport Modelling Results
Sediment transport modelling results for 15 sites along the Barmah Choke are provided in Figure 22
Each plot includes transport rates derived using a range of transport equations applied to a single
steady-state discharge scenario, along with the mean of the rates from all equations. Descriptions
of the different transport equations used are provided in in Section 3.2 and Appendix A. Due to the
uncertainty inherently associated with the various sediment transport calculation methods, using a
range of equations provides a measure of this uncertainty in the resulting outputs.
In each scenario, despite the range in estimates produced by the different equations they all show
the same general pattern of sediment transport rates decreasing downstream. Step-change
reductions in transport rate are also visible at offtakes, especially for the higher discharge scenarios
(20,000 and 60,000 ML/d).
Also included for the lower three discharge scenarios is a method that estimates the transport rate
based on the form migration of dune bedforms (referred to as ‘Dunes’ in the plots) instead of
hydrodynamic model outputs, and thereby provides a useful, independent, verification of the
overall pattern evident in the other equations. This assumes that those dunes evident in the 2019
bathymetric survey had adjusted to (i.e. their amplitude and period were set by) the constant
discharge of around 10,000 ML/d, which occurred during the preceding flow season. The dune
transport estimate is slightly lower than the other estimates for the lower discharges of 2,500 ML/d
and 10,000 ML/d. However, at 20,000 ML/d the dune-based estimate is extremely close to the
average. Overall, the dune transport estimates give confidence in the order-of-magnitude transport
rates.
Note that the dune estimate was not included in the 60,000 ML/d analysis as the higher discharges
were considered likely to produce a vastly different bed profile than what is evident in the
bathymetric data, to the extent that this method was unlikely to be valid.
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Figure 22, Sediment transport modelling results based on hydraulic model outputs for four different steady-state discharge
scenarios (2,500; 10,000; 20,000; and 60,000 ML/d). Discharge values refer to flow at the upstream boundary of the hydraulic
model (0km - Tocumwal). Details about the different transport modelling equations are provided in section 3.2 and Appendix A.
Note the different transport rate values on the Y axis.

To compare transport rates under the four different discharge scenarios, the mean results from all
sediment transport methods can be compared (Figure 23). When viewed on the same scale, the
relationship between different sediment transport scenarios is clear, with the familiar downstream
decrease mirroring the decreasing channel dimensions and hydraulics. Mean transport rates
upstream (at the entrance to the Barmah-Millewa Forest) range from 12 kg/s (2,500 ML/d scenario)
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up to 124 kg/s (60,000 ML/d scenario) but all transport rates converge to between 3 and 8 kg/s at
the most downstream point. For low discharges (<10,000 Ml/d) the transport rates are constant
downstream, whilst for larger discharges that connect with offtake channels, there are step change
decreases in transport rates downstream. These step decreases correspond to loss of flow at
offtakes like Gulf Creek, Mary Ada Creek and the Edward River where flow is diverted from the main
channel, decreasing transport capacity.
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Figure 23. Sediment transport modelling results (mean of all transport equations). (A) Map showing modelling locations with the
magnitude of the result for the 20,000 ML/d scenario indicated by the size of the pink circles; (B) plot of results for all four discharge
scenarios.

5.3. Sediment Transport Rating Curves
The sediment transport modelling results describe a pattern of instantaneous transport rates (in
kg/s) along the Barmah Choke under four different steady-state discharge scenarios. To understand
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the consequences of this pattern, a transport rating curve is developed by comparing instantaneous
sediment transport rates with discharge to provide total sediment load over longer time periods
(e.g. one year).
A sediment transport rating curve describes the relationship between discharge and transport rate,
and the concept is adapted here to estimate transport rates under a variety of discharges in the
Choke. The rates for five locations (converted from kg/s to m3/day), approximately every 20 km
along the Choke, are plotted directly against discharge in Figure 24. The complete set of rating
curves (for all 15 modelled locations) is provided in Appendix A.
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Figure 24. (A) Map of all 15 sediment transport modelling locations and (B) sediment transport rating curves for five example
locations showing the relationship between local daily sediment transport rate and mean daily discharge at Tocumwal. Rating
curves for all 15 modelled sites are provided in Appendix A.
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Note that the horizontal axis in Figure 24 describes the discharge at Tocumwal, not the discharge at
the location where transport was modelled. The difference in discharge between Tocumwal and the
modelled locations is accounted for in the transport rates as they have been calculated using
hydrodynamic model outputs that vary along the length of the Choke. For example, for a discharge
of 60,000 ML/d at Tocumwal, the flow at the 46 km mark is predicted to be 27,800 ML/d, hence the
reduced transport rate.
Linear interpolation was used to predict transport rates for discharge values between each of the
four steady-state discharge values. Note that this method assumes the discharge-transport
relationship is linear between points, whereas, in reality, it will be variable. However, this
approximation is considered sufficient for a high-level estimate of sediment transport loads.

5.4. Annual Sediment Loads
When the sediment rating curve relationships are applied to hydrograph data from the Tocumwal
gauge, a timeseries of sediment transport is the result. Figure 26 includes daily mean discharge at
Tocumwal (January 2009-September 2020) and daily sediment transport timeseries for three
example locations along the Choke. As discharge during the 2016 flood reached about 180,000 ML/d
(Figure 26 A) at Tocumwal, linear extrapolation was used to extend the rating curves up to the
bankfull discharge at Tocumwal (74,000 ML/d). A cut-off was then applied so that flood discharges
above this point did not trigger further increases in sediment transport (because above bankfull,
shear stress at the bed would not be expected to increase). The effect of the cut-off is visible in the
daily transport timeseries for the most upstream location at 26 km (Figure 26 B), where the
transport rate peak is truncated just below 5,000 m3/d.
The predicted downstream decrease in sediment transport remains visible in the timeseries, as does
the convergence of transport rates downstream under different discharges. When viewed in this
way, it is apparent that transport rates in the narrower downstream section of the Choke is less
sensitive to discharge than at upstream sites. While the transport rate upstream (26 km mark) was
estimated to reach almost 5,000 m3/d during the 2016 flood, the next site downstream (63 km) does
not exceed 1,000 m3/d. Further, note how the transport rate at the downstream end (103 km)
remains relatively low and consistent at 140–220 m3/d, increasing only to 390 m3/d during the flood.
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Figure 25. (A) Hydrograph of mean daily discharge at Tocumwal 2009-2020, and (B) timeseries of local sediment transport for three
modelled location along the Barmah Choke.

It is useful to assess the extent to which the modern, regulated flow regime (with long duration
bankfull flows) has altered sediment transport. We expected that long periods of close-to-bankfull
flows would substantially increase sand transport rates, but this proved not to be the case. This
analysis has been conducted using ‘Without Development’ flow scenarios produced from the Source
Murray Model (MDBA 2012). This modelled flow scenario (referred to as ‘natural’ flow below)
represents near-natural conditions without dams, irrigation infrastructure, or consumptive users.
Applying the sediment rating curves developed in this project to these modelled flows (in addition
to measured discharge) allows us to compare the impact of regulated flows on sediment loads in
the Barmah Choke.
The area under each transport volume timeseries represents the total sediment load passing
through each location over the period considered. By breaking the whole series into one year
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periods (June–May), each covering a full irrigation season, it is possible to compare the total volume
of sediment (the sediment load) expected to pass through each location in the Choke during flood
and non-flood years. Annual sediment loads for four example years are presented in Figure 26, with
actual and ‘without development’ flow scenarios compared in the same plots.
Under regulated (actual) flows for the flood years (2010/11 and 2016/17) the annual sediment load
at the most upstream location (26 km) is double that for non-flood years (2015/16 and 2018/19), at
almost 500,000 m3 compared to about 250,000 m3 (Figure 26 B). However, for more downstream
locations discharge insensitivity is evident, with smaller increases in annual loads between flood and
non-flood years. For example, immediately upstream of the Edward River (93 km mark) the annual
load increases from 100,000 m3 during non-flood years, to around 115,000 m3 for flood years (13%
increase). Also clear are step-changes at major offtakes (Black Engine, Gulf and Mary Ada Creeks,
and the Edward River) where sediment loads decrease over a short distance.
The overall effect of regulation on sediment transport is quite complex. To summarise, longduration irrigation flows increase sand transport through the Choke by about 10,000 m3 per year
(about 10 %) in non-flood years. However, regulation also reduces the size of floods entering the
Barmah Choke, which has the effect of reducing the total volume of sediment transported into the
Choke by up to 100,000 m3 per year (more than 20 %) and thus reducing the total sand transport
through the Choke much more than the increase produced by regulated irrigation flows. Above we
demonstrated that floods only slightly increase the rate of transport through the Choke, so the net
effect of flow regulation is to reduce the amount of sand coming into the Choke during floods, and
increase the amount going out of the Choke with regulated irrigation flows.
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Figure 26. Discharge and sediment load in the Barmah Choke for two flood years (2010/11 and 2016/17) and two non-flood years
(2015/16 and 2018/16). (A) Hydrographs of measured discharge and Source model results ‘without development’. (B) Annual
estimated annual sediment loads under measured flows, and (C) estimated annual sediment loads without development.

The same results displayed in Figure 26 are presented differently below, showing sand transport in
flood years in Figure 27 and in non-flood years in Figure 28. Difference in loads under regulated and
modelled ‘without development’ flows for the two example flood years are visible in greater detail
in Figure 27. Key points to note in Figure 27 are that pre-regulation floods transported more
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sediment but only upstream of Gulf Ck offtake. Compare this with the consistent increase in sand
transport rates right through the study area for non-flood, regulated flows (Figure 28). The outcome
of this pattern is almost certainly less storage of sediment in the Choke than without regulation.
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Figure 27. Discharge and sediment load in the Barmah Choke for two flood years. Left panels 2010/11 year, right panels 2016/17
year. (A and B) Hydrographs of measured discharge and Source model results ‘without development’. (C and D) Estimated annual
sediment loads under measured flows and without development.
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Figure 28. Discharge and sediment load in the Barmah Choke for two non-flood years. Left panels 2015/16 year, right panels
2018/19 year. (A and B) Hydrographs of measured discharge and Source model results ‘without development’. (C and D) Estimated
annual sediment loads under measured flows and without development.
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5.5. Summary
The key findings of the sediment transport modelling are as follows:
 Sediment transport rates (and loads) decline in the downstream direction, in concert with
trends in hydraulic parameters and channel cross-sectional area.
 Mean transport rates at the upstream end of the Choke (26 km from Tocumwal) range from
12 kg/s (2,500 ML/d scenario) up to 124 kg/s (60,000 ML/d scenario) but all converge to
between 3 and 8 kg/s at the most downstream point (108 km).
 Annual loads upstream are strongly affected by floods, doubling from 250,000 m3 to almost
500,000 m3 at the 26 km mark, but this effect is dampened further downstream, with just a
13% increase during floods at the 93km mark.
 Thus, sediment transport in the narrow downstream sections of the Barmah Choke are very
consistent, irrespective of the size of flows or floods passing down the river. This is because
so much flood water is lost to effluents and the floodplain.
 Flow regulation reduces the storage of sand in the Choke. This is because the long duration
irrigation flows slightly increase sand transport rates through the Choke, but this is more
than offset by the reduction in transport into the Choke during floods because regulation
reduces the flood peaks.
The critical pattern, of sand transport decreasing downstream, occurs because the Barmah Choke
is a distributary system where flow is lost to multiple effluent offtakes along its course. This
essentially decants flow while leaving the same amount of bed sediment in the channel with less
energy available to transport it. This contrasts with the typical longitudinal trend where most
streams increase in discharge and channel dimensions down-valley.
Flows in the Barmah Choke have been radically altered by flow regulation, with low summer flows
being replaced by near constant bankfull irrigation flows. However, regulation also reduces the size
of floods. This has complicated impacts on sediment transport. Overall, regulation reduces the
volume of sand transported into the Choke during floods whilst also increasing the rate of transport
through the Choke.
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section six
6. Consequences for Channel Capacity in the Barmah

Choke
The potential rate of aggradation (vertical accretion of sediment) is a key metric for understanding
the consequences of this pattern of sediment transport for the future channel capacity in the
Barmah Choke. The aggradation rate for a given section of the Choke can be roughly estimated from
the difference in annual sediment loads between upstream and downstream points. Dividing the
total annual load (in m3) by the total bed area (in m2) between two points produces the total annual
bed aggradation in metres. For example, total annual aggradation (averaged along the whole 77km
between the most upstream and downstream modelled points) for the 2016/17 flood year is
estimated at 0.059 m. Annual deposition volumes and aggradation amounts for the whole 77 km
are presented in Figure 29 and Table 1.
Visible once again is the decrease in total deposition volume and aggradation amount under
regulation during flood years. For example, during the 2010/11 flood years, estimated deposition
volume (and aggradation) is 28 % lower under regulated flows than modelled ‘natural’ flows, which
equates to a reduction of 182,500 m3. Contrast that with the 2015/16 non-flood year, where totals
are estimated to be 11 %, or 15,368 m3, higher under regulated flows. Thus, the net effect of
regulation is less deposition overall.
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Figure 29. Bar chart of estimated annual (A) deposition volumes and (B) aggradation amounts for the whole Barmah Choke (26108 km), based on actual regulated discharge, and modelled ‘without development’ flows.

Table 1. Estimated annual deposition volumes and aggradation amounts for the whole Barmah Choke (26-108 km), based on
actual regulated discharge, and modelled ‘without development’ flows.

Period

Regulated Flows

Deposition Volume (m3)

Flood Years
2010/11
2016/17
Non-Flood Years
2015/16
2018/19
Flood Years
2010/11
2016/17
Non-Flood Years
2015/16
2018/19

Without Development Flows

466891
431510

649320
582262

156984
169545

141616
131062
Aggradation (m)

0.063
0.058

0.088
0.079

0.021
0.023

0.019
0.018

Dividing the Choke into zones (Figure 30), we can estimate deposition volumes and aggradation
rates for different parts of the Choke. Note that Zone 4 ends at the Edwards River offtake, so Zones
4 and 5 are the critical ones for understanding flow capacity. Bar charts of totals for one flood year
(2010/11) and one non-flood year (2015/16) in Figure 31 and Figure 32. A full breakdown of annual
deposition volumes and aggradation amounts for the five zones are provided in Table 2 and Table
3.
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Figure 30. Map of the Barmah Choke indicating the locations of five ‘zones’ used to estimate total sediment deposition volumes
and aggradation rates.

The impression is often that sand is transported into the Barmah-Millewa Forest and begins to
accumulate downstream in what people call the ‘narrows’ or the smallest section of channel
downstream near the Edwards River offtake. This is not the case. Sand is accumulating throughout
the length of the Choke (Figures 31 and 32). In absolute terms there is more deposition in the
upstream half of the Choke than the downstream. This is true in floods, but also in non-flood years.
In a typical non-flood year Zone 1, at the upstream end of the study area, will aggrade at around
0.05 m per year, whilst zones 4 and 5 downstream will aggrade at around 0.02 m per year. Floods
produce more than twice the rate of deposition than a non-flood year. Note that any
deposition/aggradation downstream has relatively more effect on channel conveyance because the
channel is proportionally smaller downstream.
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Figure 31. Bar chart of estimated annual deposition volumes for five Barmah Choke zones for (A) the 2010/11 flood year, and (B)
the 2015/16 non-flood year, based on actual regulated discharge (orange bars), and modelled ‘without development’ flows (blue
bars).
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Figure 32. Bar chart of estimated annual aggradation for five Barmah Choke zones for (A) the 2010/11 flood year, and (B) the
2015/16 non-flood year, based on actual regulated discharge (orange bars), and modelled ‘without development’ flows (blue
bars).
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Table 2. Estimated annual deposition volumes and aggradation amounts for five sections of the Barmah Choke, based on actual
regulated discharge at Tocumwal.

Period
Flood Years
2010/11
2016/17
Non-Flood Years
2015/16
2018/19
Flood Years
2010/11
2016/17
Non-Flood Years
2015/16
2018/19

Zone 1
26-38 km
152,768
133,430
84,473
88,978

Zone 2
38-57 km

Zone 3
57-71 km

Zone 4
71-93 km

Deposition Volume (m3)
75,668
119,540
54,478
111,488
92,409
52,692
5,334
3,602

0.102
0.089

3,797
12,994
Aggradation (m)
0.038
0.098
0.056
0.076

0.056
0.059

0.003
0.002

44,731
43,863

0.003
0.011

Zone 5
93-108 km
64,437
41,490
18,649
20,109

0.031
0.030

0.070
0.045

0.025
0.025

0.020
0.022

Table 3. Estimated annual deposition volumes and aggradation amounts for five sections of the Barmah Choke, based on
modelled ‘without development’ discharge at Tocumwal.

Period
Flood Years
2010/11
2016/17
Non-Flood Years
2015/16
2018/19
Flood Years
2010/11
2016/17
Non-Flood Years
2015/16
2018/19

Zone 1
26-38 km
177,640
153,979
78,423
75,706
0.118
0.103
0.052
0.050

Zone 2
38-57 km

Zone 3
57-71 km

Zone 4
71-93 km

Deposition Volume (m3)
173,014
165,851
197,057
136,020
5,778
14,195
4,136
8,932
Aggradation (m)
0.087
0.136
0.099
0.111
0.003
0.002

0.012
0.007

Zone 5
93-108 km

61,156
55,113

71,658
40,092

35,610
35,738

7,611
6,549

0.035
0.031

0.077
0.043

0.020
0.020

0.008
0.007

By extending the timeframe over which calculations of deposition volume and aggradation are made
it is possible to, in effect, hindcast aggradation over the long term. For example, estimated total
aggradation for the last 30 years (1991-2020), averaged along the whole 77 km between the most
upstream and downstream modelled points, is 6.7 million m3. Divided by the total bed area
(assuming an even spread) this equates to an estimated average of 0.9 m of vertical aggradation
over 30 years. However, the rates of aggradation are not equal through the Choke.
Splitting the long-term deposition volume and aggradation across the same five zones as above
provides estimates for aggradation rates in different parts of the choke over the last 30 years (Figure
33 and Table 4). The most upstream zone (Zone 1) is estimated to have aggraded the most in this
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time, at around 1.9 m. The results suggest Zone 2 could have aggraded only 0.48 m, while the most
downstream zones (3-5) area all similar at around 0.7 m. So, leaving aside Zone 1, the average
aggradation rate is around 0.6 m over 30 years.
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Figure 33. Bar chart of estimated total (A) deposition volumes and (B) aggradation amounts for five zones along the Barmah Choke,
based on actual regulated discharge between 1991 and 2020.

Table 4. Estimated total deposition volumes and aggradation amounts for five zones along the Barmah Choke, based on actual
regulated discharge between 1991 and 2020

Zone 1
26-38 km
2,846,563
1.898

Zone 2
38-57 km

Zone 3
57-71 km

Zone 4
71-93 km

Deposition Volume (m3)
964,985
881,810
1,327,949
Aggradation (m)
0.484
0.721
0.755

Zone 5
93-108 km
681,573
0.736

It is important to note that when considering the deposition values provided here, that they are
estimates that include some (currently unknown) amount of uncertainty. Error is undoubtedly
introduced at each step in the modelling process, including the hydraulic modelling, sediment
transport rates, and rating curves. Furthermore, the aggradation amounts (derived by dividing
volume by bed area) assume both a flat-bedded rectangular channel, and that deposited sand is
spread perfectly evenly across and along the bed in each zone. This is a substantial simplification of
the real processes and ignores factors such as infilling deep pools, and the important effect that
effluents have on the spatial variability of deposition.
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section seven
7. Barmah Choke Conceptual Model
What is the longer-term future for the sand moving down the River Murray through the Choke?
This question must be answered in the context of the broader geomorphology of the BarmahMillewa alluvial fan (i.e. the Barmah-Milewa Forest). Over the last decade there has been
considerable research work on what are termed distributive fluvial systems (DFS) (Weissmann et al.,
2010). These systems are characterised by “a radial network of channels and associated deposits
dispersed below an apex where a river emerges from valley confinement and enters a sedimentary
basin” (Davidson et.al. 2013). Hartley et al. (2010) has mapped over 400 DFS around the world.
These DFS have also been referred to as megafans, alluvial fans and fluvial fans in geomorphic and
sedimentological literature, but they tend to have an apex-toe distance over 30 km. The Barmah
Fan is a beautiful example of a DFS and is nearly 50 km in apex-toe distance.
DFS are fundamentally characterised by flow distributaries (often called offtakes or effluents along
the Murray) as opposed to flow tributaries. Davidson et al. (2013) states that:
"downstream channel changes on DFS can include: a decrease in discharge, a
decrease in bed material transport and calibre of sediment, a decrease in
streampower, an overall decrease in channel width, and an overall decrease in
channel depth (but this is not as systematic as decrease in width)” (p.83).
They also classified DFS into three types:
1. Braided bifurcating
2. Multi-thread anabranching
3. Single-thread, sinuous anabranching.
The Barmah Fan falls into the last of these categories (single-thread, sinuous anabranching) as do
the Euphrates River, Iraq; Paraguay River, Brazil; Helmand River, Afghanistan; and the Amudar'ya
River, Uzbekistan (Figure 34).
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Figure 34. Example of the single-thread, sinuous anabranching DFS Amudar'ya River, Uzbekistan (Davidson et al. 2013).

The Barmah Fan has many of the characteristics (depicted in Figure 35Figure 35) of the Type (3) DFS,
including:
 A dominant, sinuous channel, with multiple sinuous channels distributing out from it.
 Downstream decrease in channel dimensions.
 Down-valley increase in channel stability (reduced meander migration) combined with an
increase in potential avulsions.
 Down-valley increase in the area of poorly drained, open water, and this is certainly the case
on the Barmah Fan where a series of lakes (Moira and Barmah Lakes) have formed along the
eastern edge of the Cadell Fault block.
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Figure 35. A map showing the key geomorphic features of the Barmah Fan, a Type (3) single-thread, sinuous anabranching DFS.
The map shows the modelled flows in Barmah-Millewa for the 2015/16 environmental watering event, but it also clearly shows
the multiple, anabranching channels, with the dominant sinuous channel, as well as the lakes up against the eastern edge of the
Cadell Fault block (Source: XXX).

Note also that the downstream end of the Barmah Fan, where the river enters the lake zone, is also
very characteristic of these distributary systems. The channel has essentially broken down at this
point, where it crosses the lake floor, into a fully distributary system akin to a ‘bird’s foot delta’. The
delta channel progrades across the floor of the Moira Lakes in just the same way that the birds-foot
delta of the Mississippi River progrades into the Gulf of Mexico (Figure 36).
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Figure 36. The Murray crossing the Moira-Barmah Lake (A) where channel has prograded across the lake in a process akin to a
prograding birds-foot delta e.g. the Mississippi delta (B) or the Mitchell River entering the Gippsland Lakes (C).

DFS are fundamentally zones of sediment accumulation on the fan driven by decreasing
downstream sediment transport capacity. The general pattern for Type (3) DFS is that the dominant
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sinuous channel progressively fills with sediment down-valley as it becomes less and less capable of
transporting the sediment delivered to the fan, leading to eventual avulsion. The result is that the
sediment that drove the avulsion is now stored in the abandoned channel. The new avulsion channel
will again progressively fill with sediment until it avulses.
This is what is happening on the Barmah Fan. The downstream decrease in transport capacity is an
inevitable characteristic of this type of system. If there has been an increase in the volume of sand
delivered to the fan due to erosion and mining, then that will serve to accelerate the process of
abandonment.
Note that this interpretation of processes operating through the Choke is different from earlier
interpretations. In the past (e.g. Rutherfurd, 1992) the Choke was interpreted as a ‘young’ section
of channel that was small and low sinuosity, because it had only recently (in geological terms)
avulsed into its new channel. It would take time to increase its sinuosity and take on full dimensions.
This ‘evolutionary’ model came from applying the avulsion model from the high-energy floodplains
of North East Victoria to the low-energy environment of the Murray. This model is not entirely
wrong, rather it needs to be modified for the DFS system. Avulsed channels in this system will evolve
(e.g. become more sinuous) but they will not progressively develop and erode to eventually have
the same dimensions as the upstream sections of channel above the Barmah fan. Instead they will
inevitably lose capacity over time.
It is very unlikely that the sand slug will simply migrate through the Choke. It is more likely that sand
will continue to accumulate until the channel avulses.
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section eight
8. Next Steps
This investigation has demonstrated that bed aggradation is an inevitable process in the distributive
fluvial system that is the Barmah Choke. It is unlikely that the sand slug that is currently
accumulating in the Choke will simply pass through in the near future. As a result, flow capacity
through the Choke will continue to decline, exacerbating current challenges for conveying water to
regions further downstream. Doing nothing to address the issue is unlikely to be a viable option for
managing the Barmah Choke.
Assessment of options for managing capacity in the Barmah Choke
The next step for this investigation is undertaking an options assessment to determine which
management actions that could be applied to manage the issue of channel aggradation and
declining flow capacity in the Barmah Choke. This will include identifying the full suite of possible
options that are available before subjecting each to a set of pre-defined assessment criteria to
ascertain, at a high level, their applicability. All potential options should be assessed using this
process before being dismissed. For example, some conceptual options that should be considered
include (but are not limited to):
 Do nothing and accept the reduction in ability to transfer flows through the Choke.
 Source control to reduce further sediment entering the system.
 Targeted sand extraction of sand through to reduce sediment loads entering the narrowest
parts of the Choke.
 Dredging and pumping of sand from the channel onto the nearby floodplain.
 Flushing of sand onto the floodplain through crevasse splays or low points in the bank.
 Altering regulation to increase sediment transport through the Choke (e.g. using rapid
changes in river level to alter the rates of sand transport).
 Greater use of effluent offtakes to divert a larger volume of water around the Choke
(potentially combined with targeted extraction where deposition is concentrated
immediately downstream of the offtake).
 Construction of a pipeline to supplement the flow capacity of the Murray and its effluents.
 Trigger an avulsion to divert flows through an effluent, such as the Edward River.
It will be critical that all options are considered in light of the substantial social, cultural, ecological
and economic impacts that such actions will undoubtedly have on this important river. A crucial part
of this process will be thorough engagement with a variety of stakeholders, including Traditional
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Owners/Custodians, water consumers, recreational river users, scientists and state and federal
decision makers. The result would be a subset of options to consider in more detail in subsequent
feasibility studies.
In addition to the options assessment, we recommend the following additional work be undertaken
to fill remaining knowledge gaps about sediment transport in the Barmah Choke:
Desktop investigation of deposition at effluents
The major factor influencing downstream reduction in sediment transport in the Barmah Choke is
the loss of flow to effluent channels. We can learn a great deal from looking at how sediment
deposition occurs up and downstream of the effluents. Our hypothesis would be that the greater
the diversion of flow, the greater the local deposition. Closer analysis of existing data will allow
better understanding of how sediment is moving through the river.
Field investigation of sediment transport into effluents
An unknown in the sediment budget of the Choke is how much sediment (both silt and sand) is
transported into the effluent channels, and into backswamps. At present we are assuming that very
modest volumes of sand are moving out of the channel. This might be clear from simple field
inspection of a range of effluent channels. There are likely also places where sand is moved onto
the floodplain through crevasse-splays, and these would benefit from closer investigation.
Extending bathymetric and sub-bottom data
A key unknown in this study is the volume of sand stored in the riverbed downstream of Picnic Point.
At present we believe that the sand has not migrated far below this point, but it would be useful to
extend the sub-bottom profiling further downstream to provide confirmation. It could also be useful
to extend the sub-bottom profiles and bathymetry upstream beyond Tocumwal to see if sand is
exhausting below Yarrawonga Weir. The aim being to establish the physical extent of the sand slug
and hence understand how mature the problem is (i.e. could it get substantially worse due to high
incoming load or is it all within the choke).
DEMs-of-Difference
Any additional bathymetric surveying should ideally include repeat surveys of areas captured in
2019 to assess change in bed elevation. That way it would be possible compute a series DEMs-ofDifference between time periods for multiple locations along the Choke, thereby providing direct
observational evidence on the rate of aggradation occurring.
Field validation of sediment transport rates
It would be very useful to validate the sediment transport rate in the river. Given that most of the
sediment moves as large dunes, transport rate could be measured by simply tracking the movement
of dunes with some sort of fixed acoustic instrument (e.g. Acoustic Doppler Profiler or echosounder).
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Appendices
Appendix A: Data Sources and Analysis Methods
Data Sources
Data employed in this investigation and its sources are detailed in Table 5.
Table 5. List of datasets used and their sources.

Dataset

Description

Source

Elevation/bathymetry

Combined 1 m resolution raster dataset including lidar
elevations and full-channel (2019) and partial-channel
(2017) bathymetry.
Dense point dataset of bedload thickness measurements
derived from sub-bottom acoustic profiles conducted in
March 2020.
Longitudinal profiles of maximum bankfull depths from
1876 and 1976
Chainage points (25 m spacing) from Tocumwal to
Barmah township, used to derive channel centreline.
Point dataset (25 m spacing) used to derive top-of-bank
lines for left and right banks.
Results from 1D/2D hydrodynamic model used as primary
inputs into sediment transport modelling. Parameters
used include discharge, shear stress, energy level slope
and velocity.
Bed sediment sampling grain size results from 11
locations along within Barmah Choke, used as inputs to
transport modelling.
Discharge hydrograph from Tocumwal gauging station,
1974-2020.
Simulated Tocumwal discharge from the Source Murray
Model’s ‘Without Development’ scenario

MDBA

Bedload thickness

Historic depth profiles
Chainage points
Left/right bank points
Hydraulic model outputs

Bed sediment size

Discharge hydrographs
Modelled ‘natural’
discharge hydrographs

South Australia Water /
Acoustic Imaging
Digitized from original
profiles
MDBA / Water Technology
MDBA / Water Technology
/ Streamology
MDBA / Water Technology

MDBA / Water Technology

MDBA
MDBA

Channel Dimension Metrics
All of the channel dimension metrics derived, along with their resolution and coverage extent, are
detailed in Table 6, and descriptions of the methods used to derive them are provided below.
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Table 6. Channel metrics derived from elevation and bedload thickness data. Coverage extents listed refer to distance
downstream from Tocumwal.

Metric
Longitudinal profile of channel bed
Bankfull width
Maximum bankfull depth
Cross-sectional area
Average bedload thickness
Bedload volume

Measurement
Interval

Coverage
Extent

50 m
25 m
25 m
25 m
25 m
25 m

23-104 km
23-122 km
23-104 km
23-104 km
75-98 km
75-98 km

Longitudinal profile
Longitudinal profile of bed elevation was produced by directly extracting the elevation (in m AHD)
from bathymetric raster data at centreline chainage points supplied for this project by MDBA (Figure
37). Point spacing was 50 m.

Figure 37. Shaded relied bathymetry/lidar map showing centreline chainage points.

Bankfull width
Accompanying the chainage points supplied for this investigation, were two additional sets of points
representing the top of the left and right bank, spaced approximately every 25 m (Figure 38Figure
38. Shaded relied bathymetry/lidar map showing left and right top-of-bank point and cross section
lines.). A point-to-path GIS operation was used to create a set of cross sections extending from left
to right bank points, and the horizontal length extracted to provide a set of bankfull widths.
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Figure 38. Shaded relied bathymetry/lidar map showing left and right top-of-bank point and cross section lines.

Elevation (m AHD)

Maximum Bankfull Depth
Bankfull width lines were used to extract a set of cross-section elevations (in m AHD) from
bathymetric raster data (Figure 39). Top-of-bank elevations were also extracted from left and right
bank points. The minimum elevation from each cross-section was subtracted from the lowest of the
two bank points (for a given cross-section) to calculate the maximum bankfull depth.

Bankfull depth (m)

Distance (m)
Figure 39. Cross-section profile depicting measurement used to estimate bankfull depth.

Cross-sectional Area
Cross-sectional area was estimated as the bankfull width × maximum bankfull depth. This method
is an approximation as it simplified the channel to a rectangular form and thereby slightly
overestimates area (as it does not account for sloping banks or shallower sections of bed). Given
the width of the channel (ranging from 60-160 m), this was considered an acceptable approximation
and unlikely to obscure key downstream patterns in cross sectional area.

Bedform Analysis
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Bed complexity
In order to quantify bed complexity, the standard deviation of bed elevation was calculated for the
portion of the study reach where bathymetry models extended across the entire channel width (i.e.
the 2019 bathymetry but not the 2017 bathymetry). A segment 40 m wide, running the length of
the bathymetry, was defined along the channel centreline. This segment was then split into 100 m
long sub-segments (to produce a total of 1,225 sub-segments). The standard deviation of bed
elevation (sampled from the 1m x 1m 2019 Bathymetry model) was then calculated for each subsegment. The output of this process was 1,225 measurements of bed complexity along the study
reach. This allowed the trend in bed complexity (standard deviations) to be plotted longitudinally,
and any upstream to downstream trends in bed complexity to be identified.
Average Bedload Thickness
The thickness of the sand comprising the mobile bedload was calculated from a set of thickness
measurements extracted from sub-bottom acoustic profiles (all supplied for this investigation).
Points were grouped into segments spaced approximately every 25 m (coinciding with bankfull
cross-sections) and the mean thickness calculated.

Segments used for averaging thickness

Bedload Volume
Average bedload thickness measurements combined with bankfull widths to estimate the volume
of sand stored in every 25 m segment. Average thickness (m) was multiplied by the width (m) at
that point, and the average distance (along channel) between cross-sections (m) to provide volumes
(m3). Total bedload volume for the entire length or river covered by the sub-bottom data was
computed as the sum of volumes for all segments.

Sediment Transport Modelling
Sediment transport modelling locations
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The sediment transport rate (kg/s) was calculated at fifteen cross-sections spread along the study
reach. The location of the cross sections for sediment transport modelling was chosen according to
the following criteria:
 So that the entire of the study reach covered by the 2019 bathymetry survey was included
 So that the downstream decrease in channel width was captured (i.e. cross sections were
spread relatively evenly along the river)
 So that the widest point (the upstream boundary of the hydraulic model and 2019
bathymetry) and the narrowest point (Picnic Point) in the river were included captured
 The location of major water offtakes (Blackengine, Gulf Creek and Maryada Creek) was
captured. At each of the three offtakes, a cross-section was defined approximately 1 km
upstream, and 1km downstream, so that any step-change in sediment transport rate
associated with thee offtake was captured.
At each cross section, the instantaneous sediment transport rate was calculated using results from
MDBA’s linked 1D–2D hydrodynamic model (MDBA/Water Technology 2020). Transport rates were
calculated for four steady-state flow scenarios, intended to cover a range of typical discharge
conditions at the upstream boundary of the model (Tocumwal): 2,500 ML/d, 10,000 ML/d, 20,000
ML/d and 60,000 ML/d. For example, the lowest scenario (2,500 ML/d) represents winter low flows
at Tocumwal, whereas 10,000 ML/d is roughly equivalent to the regulated flows maintained during
irrigation season in most years. The 60,000 ML/d scenario represents flood conditions (although still
below the minor flood level for Tocumwal of 74,000 ML/d).
Sediment transport models employed
A variety of sediment transport models have been developed for sand bed rivers. As is common
practice, this study employed multiple sediment transport models (all models were used at all cross
sections). Using multiple transport models meant that for each flow scenario, at each cross section,
several sediment transport predictions were made (one for each model). Calculating multiple
transport rates for each flow scenario at each cross-section meant that spurious rates
(unrealistically large or unrealistically small transport rates) could be identified and then excluded
from further calculation. Calculating the median transport rate for each flow rate at each crosssection (rather than relying on a single model and its prediction) provides more robust transport
estimates.
The three transport models used in this study were:
 Yang (1973) which is a total load equation based on unit stream power.
 Ackers and White (1973) which distinguishes between bed load and suspended load.
 van Rijn (1984) is a physics-based equation that also distinguishes between bedload and
suspended load.
In addition to the three transport equations listed above, two other bedload-specific transport
equations were employed for the 2,500 ML/Day scenario (when flows were lower and sand
movement predominantly travels as bedload, as opposed to bedload and suspended load during
higher flows). The two bedload-specific equations were:
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 Bagnold (1980) which uses calibrated relationships between unit stream power and bedload
transport rate.
 Myer-Peter and Muller (1948), referred to as M-P-M in the modelling results, which also
uses an excess shear stress approach, but is specific to the bedload portion of transport.
Input variables for the sediment transport equations were drawn from the 1D hydraulic modelling
supplied as part of this study. Bed shear stress, cross-section-averaged flow velocity, energy
gradient, water surface elevation and flow depth were extracted from the modelling results at each
of the fifteen cross-sections.
Sediment transport model calibration
No sediment transport measurements were available to calibrate the transport rates predicted by
the models. Where possible, sediment transport models should be calibrated to ensure that
predicted transport rates are both realistic and accurate. The relatively consistent (and known) flow
regime means the bedforms in the bed of the river at the time of the 2019 bathymetry survey
(March) are likely adjusted to a flow rate of approximately 10,000 ML/D.
In lieu of field measurements of transport rate, the high-resolution bathymetry model was used to
calibrate the transport models. A bedload transport rate was estimated at each of the modelled
cross sections by:
1. Extracting a ~200 m longitudinal bed profile normal to each cross-section, and then
extracting the mean dune amplitude (trough to peak) and period (crest to crest) from each
cross-section.
2. Assuming a different dune migration rate (m/s) for each flow scenario. Dune migration rates
(termed dune celerity) were drawn from published studies conducted in sand bed rivers and
in flow depth between one and six metres.
3. The dune dimensions and celerity values were fed into the bedload transport equation of
Simons et al (1965) to calculate a ‘dune-based’ bedload transport rate for each of the fifteen
cross sections. The transport rates predicted by the dune model provide a ‘reality’ check and
can be used to ensure the equations are making realistic predictions.
Note that the dune calibration was not included in the 60,000 ML/d analysis as the higher discharges
were considered likely to produce a vastly different bed profile than what is evident in the
bathymetric data, to the extent that this method was unlikely to be valid.

Sediment Loads and Consequences for the Choke
The key steps in the process of estimating sediment loads and capacity change from the sediment
transport modelling results were:
1. Convert sediment transport rates for each modelled location from kg/s to m 3/day.
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2. Construct sediment transport rating ‘curves’ that describe relationship between discharge
at Tocumwal (in ML/d) and local sediment transport rate in m3/day (e.g. Figure 40).
3. Apply rating curve relationship to a hydrograph of measured mean daily discharge from
Tocumwal, using linear interpolation to estimate sediment transport rates for discharge
values between points.
4. Use interpolated discharges to produce a set of timeseries curves of daily sediment transport
volume (that correspond to Tocumwal discharges) for each modelled location.
5. Integrate daily transport volumes across different time periods (e.g. June 2010-May 2011)
to estimate total annual sediment load for flood and non-flood years.
6. Calculate difference in annual load between multiple upstream and downstream locations
to estimate net volume of sediment deposited in different sections of the Barmah Choke.
7. Convert annual deposition volumes to metres of aggradation by dividing by total planar bed
area between locations.
Note that this method assumes the discharge-transport relationship is linear between points,
whereas, in reality, it will be variable. However, this approximation is considered sufficient for a
high-level estimate of sediment transport loads.
Linea extrapolation was used to extend the rating curves up to the bankfull discharge at Tocumwal
(74,000 ML/d). A cut-off was then applied so that flood discharges above this point did not trigger
further increases in sediment transport (because above bankfull, shear stress at the bed would not
be expected to increase).
The same method using sediment rating curves was applied to modelled Tocumwal discharges from
the Source Murray Model (MDBA 2012) ‘Without Development’ scenario, that represent flows as
they would be without flow regulation or any dams, irrigation or consumptive users.

Streamology Pty Ltd

66

4000

Local Sediment Transport Rate (m3/day)

3500

Known points
+

3000

Interpolated points
2500

+

2000

+

1500

1000

500

0

0

10000

20000

30000

40000

50000

60000

Discharge at Tocumwal (ML/day)

Chainage (distance
from Tocumwal):

26km

38km

47km

48km

57km

63km

64km

70km

71km

86km

93km

94km

100km

104km

109km

Figure 40. Sediment transport rating curves for mean transport rates for all modelled locations.
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