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Executive Summary

This document synthesises the available science relevant to understanding sand transport
through the Burdekin Basin, including through the sub-catchments, to the end-of-river Delta
and along the beaches to Cape Bowling Green. The investigation was initiated by stakeholder
concerns that the Burdekin Falls Dam (constructed in 1987) has potentially reduced sand
delivery to the coast and, as a result, decreased sand supply to beaches and caused severe
coastal erosion along the shorelines of the Burdekin Delta and Cape Bowling Green spit.
These concerns are heightened by fears that Ramsar-listed wetlands within adjacent Bowling
Green Bay are threatened by erosion of the Cape Bowling Green spit possibly related to a
reduced sediment supply, which may be further exacerbated by newly proposed water
infrastructure for the basin.

The brief for this synthesis identified three main areas of focus:

1. Sediment sources and dynamics through the Burdekin River catchment;

2. The geomorphological development of the Delta coast, morphodynamic changes, and
the relationship between these and sediment supply from the catchment;

3. Additional science needs required to address critical gaps in understanding the above
issues.

This synthesis will aid in the assessment of the Water Plan (Burdekin Basin) 2007 and help
inform its next iteration. Here we present our key findings against the key questions identified
from the Terms of Reference. It should be noted this report focuses on the role of hydrology
on the transportation and delivery of sand to the Burdekin River Delta. The findings do not
consider the implications of the extractive industry on sediment loads within the Burdekin
Basin.

What is the grain size composition of the Burdekin Delta and beaches within Cape
Upstart and what flow regime is necessary to deliver this material to the coast?

This section examined the potential changes in the supply of the sand fraction delivered from
the Burdekin River and if such changes could potentially alter the geomorphology of the
coastal zone. We initially reviewed the existing grain size measurements from the Burdekin
River Delta, the beaches within Upstart Bay and the Cape Bowling Green spit. This review
shows that the beaches are predominately (>90%) composed of the fine and medium
sand fraction (125 to 500 um) and hence the riverine supply of this fraction is most
important to replenish the coastal zone of this region. A review of grain size studies of
the Burdekin River show that this sand fraction is predominantly transported in flood
events as Olxdcagosvnle edoad transport contributes a minor component of
this total load (~ 10 to 15%). Indeed, <15% of the sediment in the Lower Burdekin River
channel is composed of the fine and medium sand fraction. It would thus appear that the fine
and medium sand fraction, the key component of beaches in the region, is effectively
transported through the Burdekin River and to the end of catchment during flood events as
suspended bedload (Figure i). Independent studies have shown that substantial loads of
fine and medium sand particles may be transported along the Burdekin River during
flood events as low as 2,000 m3.s? (current annual return interval (ARI) = 1.38 years),
although over 10,000 m3.s? flows (ARI = 4.3) are required for significant bedload transport
(and >14,000 m®*s?* (ARI=75)t o 6reset d the channel bed).
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From where does most of the fine and medium sand delivered to the coast come
from and has this delivery changed over time?

Our best estimate of the current annual average load of the fine and medium sand fraction
exported from the Burdekin River is 200,000 tonnes per year, although given the high inter-
annual flow variability, the annual range is estimated between 0 and 800,000 tonnes. The
annual supply of this fraction increased following agricultural development in the catchment
with the arrival of Europeans and then reduced with the construction of the Burdekin Falls
Dam (captures 88% of the Burdekin basin), which measurements show traps ~95% of the fine
and medium sand load supplied from the upstream catchment area (Figure ib). A first order
approximation of how the fine and medium sand loads have changed over time can be made
by assuming that this fraction would comprise an additional 10% of the fine (i.e. mud) sediment
loads. Indeed, these finer sediment (mud) loads for the Burdekin River have been well
constrained through catchment modelling exercises, accumulation rates in sediment cores,
changing erosion rates in the catchment, coral core records and trapping efficiency
measurements for the Burdekin Falls Dam. The application of the 10% factor of the mud load
is supported by the findings of previous investigations and based on some measured data.
These budgets indicate that despite the limited sand transported past the Burdekin Falls
Dam since construction, the increase in sediment loads from the catchment area below
the dam have more than accounted for the reduced supply from the dam relative to the
6pdevel op((neprioréto the arrival of Europeans) period (Figure ib). In fact, the
current fine and medium sand loads exported from the Burdekin River are estimated to
be over 3-fold higher than the pre-development loads. This result suggests that erosion
of the shoreline at Cape Bowling Green spit is not related to reduced sediment supply to the
coast by the Burdekin River since construction of the Burdekin Falls Dam. Please note
extraction of sediment or quarry material is outside the scope of the investigation in this report.
The Alluvium Consulting report (2019) quantified quarry extractions from different reaches of
the lower Burdekin River at a reach scale.

How might proposed future water infrastructure (i.e. dams) affect fine and medium
sand loads?

Based on the evidence presented above, we conclude that the additional water
infrastructure proposed (i.e. raising the Burdekin Falls Dam spillway; dams in the
catchment area above the Burdekin Falls Dam; Urannah Dam) would have a negligible
influence on the current coastal supply of fine and medium sand from the Burdekin
River. Since the construction of the Burdekin Falls Dam, a large load of the fine and medium
sand fraction is now trapped before it reaches the reservoir (~450,000 tonnes a year on
average). It is estimated that <5% of this load (i.e. 010,000 tonnes) is potentially transported
through the dam which is, in turn, <5% of the current load (i.e. 200,000 tonnes) exported from
the catchment. In that regard, any additional water infrastructure such as raising the Burdekin
Falls Dam or construction of a new dam in the upper catchment area can only trap a proportion
of the available load currently transported through the Burdekin Falls Dam, which in the
context of the current export is negligible (especially when also taking into account the overall
net increase in the catchment area below the dam since the arrival of Europeans) (Figure ic).
Likewise, the very low total sediment loads transported through the section of the Broken River
just downstream of the proposed Urannah Dam indicate that this dam will have limited
influence on the total fine and medium sand exported from the Burdekin River. However, we
do caution that potential changes in hydrology (i.e. peak and duration of flow) with the
proposed water infrastructure may result in changes in the bedload transport and potentially
influence the geomorphology of the channel. Such changes are difficult to assess and would
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require a more sophisticated modelling approach which is outside the scope of this desktop
review. It is noted, there are several water infrastructure proposals currently undertaking
Environmental Impact Statement (EIS) processes co-ordinated by the Office of the
Coordinator-General. As part of the EIS process proponents are required to undertake both
individual and cumulative assessments for changes to the delivery of fine and medium sand
fraction to Cape Bowling Green and riverine morphology.

What is the geomorphological history of the Cape Bowling Green spit?

The Cape Bowling Green spit, the beaches and sand barrier bars within Upstart Bay are highly
dynamic features and their progradation and erosion are influenced by ambient coastal
processes (mostly wave-driven longshore drift), tropical cyclones (wave transport), large
floods and, over the longer term, the avulsion history of the Burdekin River. The base of the
Cape Bowling Green spit likely formed between 5,000 and 4,000 years before present (BP)
as a result of sand supply from a former discharge point of the Burdekin River (i.e. the palaeo-
channelf rom t he 6éBowling Gr ek Mor®recertt ghanhebavudsionsinn Fi g ur
this vicinity between 3,000 and 1,000 years BP continued to supply sand to the area (Figure
iia). The most recent avulsion (after ~1000 years BP) has shifted the Burdekin River mouth
to a position almost 30 km south of the base of Cape Bowling Green spit, greatly reducing the
sediment supply to the spit. Longshore drift of shoreface sediments have supplied the
continued growth/extension of the distal end of the spit to this day. However, transfer of these
sediments at rates faster than they are now supplied from alongshore further south has
resulted in sections of the spit shoreline actively eroding for some time. Indeed, the early
geomorphological studies on the Cape Bowling Green spit from the late 1960s to 1970s
documented this long history of erosion with estimates of up to a total of 2.5 km of coastal
retreat occurring over the past 1,000 years. Exposed mangrove peat deposits on beaches
(dated between 560 and 2,060 radiocarbon years BP) and the presence of dead trees along
eroding sections of the shoreline (Figure iii) that were originally deposited/growing behind the
spit provide evidence of these changes. Hence, large sections of the Cape Bowling Green
spit have been actively eroding for at least the past thousand years and historical
studies have documented this eroding coastline prior to the construction of the
Burdekin Falls Dam. Importantly, the onset of the erosion significantly pre-dates the
construction of the Burdekin Falls Dam and is most logically attributed to a reduced sand
supply to the spit caused by the movement of the Burdekin River mouth to the southern part
of the delta approximately 1,000 years ago. The sustained development of river mouth bars
and continued progradation of the active delta lobe at the contemporary river mouth support
our conclusion that sand supply to the coast has not reduced since construction of the dam.
Coastal erosion on Cape Bowling Green spit may have recently accelerated due to higher sea
levels and or climate conditions. However, the evidence clearly indicates that it is a long-
active process largely driven by episodic shifts in the location of the river mouth and the
redistribution alongshore of sands exported from the catchment.

Science needs

Some of the most critical science needs identified in this synthesis to support current and
future water resource planning for the Burdekin Basin include:

0 A sophisticated hydrodynamic model to quantify how the proposed dams will modify flow
peaks and durations. The model should include consideration of dam type and operation
protocols.
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0 Field measurements of the suspended bedload (and bedload) transported by the Lower
Burdekin River channel under different flow conditions and with different source areas
(i.e. above and below Burdekin Falls Dam sources). These data would help develop
relationships between the loads of the fine and medium sand fractions with changing
flows.

0 A study to examine the dynamics of the fine and medium sand transported to (and
potentially past) the Burdekin Delta under a range of flow conditions. Presently, the
effectiveness of transport (i.e. where the fine and medium sand load is predominately
deposited beyond the end-of-river) is unclear. Following deposition, the processes that
govern the subsequent remobilization and transport of this sediment (i.e. floods, tides,
waves, currents, storms) also need to be determined so that the final fate of this sediment
can be determined.

0 Systematic monitoring to quantify the coastal retreat of sections of the Cape Bowling
Green spit and the assessment of the implications on the Ramsar site. This monitoring
should utilise tools such as the DEA tool available through Geoscience Australia,
augmented with geo-rectified historical imagery of the site captured prior to the DEA
records, to establish mean rates of shoreline movement over the measurement intervals.

Please refer to Section 6 for the full list of recommendations.
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TOWNSVILLE

BURDEKIN FALLS
DAM SITE

End-of-river

pﬂ Discharges 9 million ML

(30-yr annual average*)

@ Fine and medium sand loads

increased 7-10 times natural rates
post-development of this catchment
(pre-development load of 64,000
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460,000 to 650,000 tonnes of fine
and medium sand annually'*
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200,000 tonnes of fine and
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recently

' McCloskey et al. 2021, ? Lewis et al. 2013,
3 Cooper et al. 2018, 4 Bainbrid(l;e etal. 2016,
° Bartley et al. 2015

*30-year period 1990-2021

Figure i (a). Conceptual overview of the current understanding and knowledge gaps of Burdekin
River hydrology and fine and medium sand sources and transport. Series include (a) pre-
construction of the Burdekin Falls Dam (BFD); (b) present setting with Burdekin Falls Dam; and (c)
future scenarios with proposed future water infrastructure (dam) developments.
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conditions are required for sediment remobilization
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end-of-catchment.
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Figure i (b) (cont.). Conceptual overview of the current understanding and knowledge gaps of
Burdekin River hydrology and fine and medium sand sources and transport. Series include (a)
post-development of the catchment and pre-construction of the Burdekin Falls Dam (BFD); (b)
present setting with Burdekin Falls Dam; and (c) future scenarios with proposed future water
infrastructure (dam) developments.
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Virtually all fine and medium
sand retained by Urannah PD’
(although negligible sand is
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Influence of changed flow regimes on
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gullies which are large sediment
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'Lewis et al. 2013

Figure i (c) (cont.). Conceptual overview of the current understanding and knowledge gaps of
Burdekin River hydrology and fine and medium sand sources and transport. Series include (a)
post-development of the catchment and pre-construction of the Burdekin Falls Dam (BFD); (b)
present setting with Burdekin Falls Dam; and (c) future scenarios with proposed future water

infrastructure (dam) developments.
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Figure ii. Long-term evolution of the Upstart and Bowling Green Bay coastline including (a) coastal
change since the mid-Holocene (modified from Fielding et al. 2006) and (b) a more recent history
of the Cape Bowling Green spit morphological changes.
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Figure iii. Sediment dynamics operating on the Bowling Green spit highlighting active areas of
erosion and progradation deduced in the early 1990s by Goh (1992). Also shown are areas of
exposed mangrove muds/peats on the current shoreline with their corresponding radiocarbon ages
(labelled 1 to 4) which highlight extensive coastal retreat over the past millennia. Seagrass area
from Davis et al. (2014).



