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ABSTRACT 

HUNT, S.M. and LEMCKERT, C.J., 2001. Suspended Sediment Distribution within a Partially Mixed 
Subtropical Estuary. Journal of Coastal Research Special Issue 34, (ICS 2000 New Zealand). 
ISSN 0749-0208. 

Changes in volume concentration and grain size were recorded in the microtidal Coomera River Estuary, 
Queensland, Australia, using a Laser In Situ Scattering and Transmissiometry instrument. By sampling 

along the length of the River, it was possible to compare results from areas of saline to fresher water, and 
at differing depths. Results showed that the particulate concentration and composition vary along the 
estuary. At the mouth of the estuary, which was vertically homogenous in salinity, bottom currents were 

resuspending material. In the upper reaches of the estuary, there is a stratified flow of low salinity water 
over more saline estuarine water. This upper layer was characterised by a low suspended sediment 

volumetric concentration. A persistant turbidity maximum exists around the 5%o salinity isohaline. This 

turbidity maximum moved according to the amount of river discharge and tidal movement. A conceptual 
model of the river was developed. 

ADDITIONAL INDEX WORDS: Particle size distribution, flocculation, turbidity maximum, Coomera 
River Estuary. 

INTRODUCTION 
Within the river sections of estuaries, sediment moves 

intermittently with highest transport rates occurring during high 
discharge events. At low flow rates, movement is restricted to 
the finer sizes. Once the sediment reaches the tide dominated 

section of the estuary, where there is a tidal rise and fall of the 
surface and where the current velocities become oscillatory 
during the tidal cycle, the bed shear stresses are reversed for 
part of the tide, thereby reducing the mean bedload transport. 
Additionally, the reversal of the current gives periods of slack 
water during which some material in suspension will settle to 
the bed, though it may be resuspended, with resuspension by 
tidal currents, wind waves and wave current interactions being 
the most common mechanisms (SCHOELLHAMER, 1995). 
The suspended sediment will move in the direction of the 

average flow. The bedload however, will be affected 

predominantly by the highest velocities, and will generally 
move in the direction of the highest current, but also depends 
on the shape of the velocity curve as a function of time. DYER 

(1995) notes that this is a very effective grain sorting 
mechanism, and fine and coarse grains can move in 

different directions. 
Within the estuary suspended sediment concentrations are 

generally high, the particles are fine, cohesive, and prone to 
flocculate, and they are richly organic (DYER, 1995). The 
process of flocculation generally occurs when suspended 

sediment moves from areas of fresh water into saline water. 

The electrostatic charge enables individual particles to join 
together to produce a single large aggregate made up of many 
particles. The existence of floes within the fluvial system has 
long been recognised (eg SKVORTSOV, 1959), but it is only 
recently that the important contribution of such particles to the 
total sediment load has been recognised (eg DROPPO and 
ONGLEY, 1992, 1994; PHILLIPS and WALLING, 1995; 
WALLING and MOOREHEAD, 1989; WALLING and 
WOODWARD, 1993; WOLANSKI ^ a/., 1996). 

Suspended sediment plays an important role in channel 
maintenance, navigation, turbidity levels, pollutant transport 
etc within a river system. While there have been various studies 
on suspended within coastal waters, very few have investigated 
the particle size distribution. 

Traditionally suspended sediment size distributions are 
determined from water column bottle samples, photographic 
imaging techniques (THOMSEN et al, 1996), and optical or 
accoustic backscattering or transmission sensors. While these 

techniques can provide an accurate measure of the underlying 
grain size distribution they are prone to disturbing the fragile 
aggregates and flocculates that exist in the marine environment 
(KRANCK, 1973; GIBBS, 1981, 1982a,b; GIBBS and 
KONWAR, 1982, 1983); are lengthy in procedure and unsuited 
to measuring the concentration of a suspension; and erroneous 

if the size distribution changes (DOWNING and BEACH, 
1989; THORNE et al., 1993). In order to avoid these problems 
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in determining the suspended sediment size distribution, this 

investigation used a LISST (Laser In Situ Scattering and 

Transmissiometry) instrument (AGRAWAL and POTTSMITH, 
2000; TRAYKOVSKI et al.9 1999). The purpose of this study 
was to develop a basic understanding of the suspended 
sediment behaviour in the microtidal Coomera River Estuary, 
and to develop a conceptual model that will aid future 

management decisions in this developing area. 

METHODS 

Sampling was carried out in the Coomera River catchment, 
which is located in the Gold Coast hinterland in the southeast 
corner of Queensland, Australia, and covers an area of 

430 square kilometres. The river starts high in the McPherson 

Ranges on the Queensland 
- New South Wales border and 

flows generally north and then east into the Broadwater at 
Paradise Point (Figure 1). 

The Coomera River catchment is long and narrow with one 
main stream flowing from the south. The upper catchment is 

steep and mountainous and heavily forested. The catchment 

then gradually becomes flatter, with the river flowing through a 
narrow floodplain until near the mouth it becomes a tidal 

estuary with extensive floodplains. Three tributaries, Saltwater 

Creek, Oaky Creek and Coombabah Creek, join the Coomera 
River in the tidal estuary and all flow from the hilly coastal 
terrain. The estuarine component of the river is 18.95km with 
an average depth of 4m and spring tide range of 1.7m. 

Figure 1. Map of the Coomera River Estuary showing study sites 

(Represented by squares). 

During the study period, the mean monthly freshwater flow 
rates into the river via a rock weir immediately upstream of 

study site Crl3, ranged between 0.99 and 2.2m3/s, while daily 
peak values reached 50m3/s. 

Conditions within the Coomera River are highly dynamic 
with changes in salinity, temperature, and turbidity commonly 
occurring. Although these changes can be expected at different 
locations along the river (for example the mouth of an estuary 
and in the higher reaches of the river will have different 

characteristics), changes can also occur at a fixed location 

over time. 

Sampling was carried out from June 1999 to July 2000, in the 
Coomera River. Measurements were taken at 16 sites along the 

river (Figure 1). These sites ranged from the lower reaches of 
the estuary where the river empties into the Broadwater (CrO), 
up to a weir that separates the tidally mixed saline water from 
the fresh water of the Coomera River Catchment (Crl3). 

Results from two sampling events are discussed here. 

Sites were chosen and their positions were recorded on a 
Differential Global Positioning System to an accuracy of +-lm. 
Measurements taken at each site consisted of suspended 
sediment volumetric concentration and particle size, turbidity, 
temperature, and conductivity. 

The instruments deployed included the Sequoia LISST 
100 Particle Size Analyser with a Seabird SBE-37SI 

conductivity, temperature and depth (CTD) serial interface 
sensor attached to the LISST cage (Figure 2). 

Figure 2. lisst100 and Seabird CTD deployed on the Coomera River. 

The CTD sensor records conductivity in the range 0-7 S/m 
with an initial accuracy of 0.0003 S/m and resolution of 
0.00001 S/m, temperature in the range -5 to 35 ?C with an 
initial accuracy of 0.002 ?C and resolution of 0.0001 ?C, and 

depth in the range 0-100 m with an initial accuracy of 0.1 m 
and resolution of 2 mm. Signals from the CTD were logged 
internally by the LISST-100, thus ensuring synchronisation of 
the particle size distribution and CTD data. Salinity and 

subsequently density were determined from the equations of 
state for standard seawater. The LISST measures transmission 

and size distribution simultaneously, and thus enables 
concentration to be measured within the size range of 1.25 to 
250 microns. The LISST obtains the size distribution by first 

measuring the angular distribution of forward scattering light 
energy with a series of ring detectors (Traykovskj et al.9 
1999). The size distribution is then calculated by exploiting the 
diffraction principle that particles with a larger diameter will 
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forward scatter energy into a narrower angular band than 

smaller particles. Transmission loss over the 5cm length in the 
instruments sampling volume is also measured by placing a 

photodiode behind a hole in the center of the ring detector. 
After calibration, the LISST cage (measuring 

1.2m*0.5m*0.4m) was attached to a winch and was lowered 

slowly through the water column at a uniform speed. The cable 
on the winch was marked at depths so it was possible to 
determine how far the instrument was from the bottom in 
relation to readings taken off a depth sounder. As the 
instrument cage touched the bottom, it was brought back to the 
surface. Only a single profile was taken at each site to avoid 

sampling where mud from the bottom had been stirred into the 
water column. Following this, the raw data was transferred 
from the instrument to a laptop onboard the boat. 

Analysis of the suspended sediment results was possible 
through the use of the LISST 100 software supplied by Sequoia 
Scientific Inc. This software produced ASCII files that were 

copied into a Microsoft Excel spreadsheet where a visual basic 
macro was run. Following this, the data was transferred into the 

Surfer mapping program, and a series of surface plots and 
contour maps were created. 

RESULTS AND DISCUSSION 

Salinity plots vary between each sample date depending on 
the amount of rainfall and river discharge. Salinity readings on 
the 19/10/99 (Figure 3), show a partially mixed (partially 
stratified) estuary in the upper regions (past study site Cr6, 
some 9.5km upstream), with a vertically mixed estuary further 
downstream. This particular day followed a period of minimal 

rainfall, and represents a typical picture of the estuaries salinity. 
Alternately, readings taken on the 10/11/99 (Figure 4), were 
influenced by high inputs of river discharge following a large 
amount of rainfall in the catchment. This has pushed a 
freshwater plug further down the estuary, causing the estuary to 
be partially mixed in its upper reaches, and also further 
downstream than normal. This large freshwater input has also 

influenced the position of the turbidity maximum on the 
10/11/99 (Figure 5), where the areas of high volumetric 
concentration are further downstream than on the 19/10/99. 
This movement of the turbidity maximum relative to the 
amounts of river discharge, and flushing velocity is a common 
feature in many estuaries (Gibbs 1977; Dyer 1986). 
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Figure 3. Salinity values along the Coomera River Estuary, 19/10/99. 

4.00 8.00 12.00 16.00 

Distance Upstream (km) 

Figure 4. Salinity values along the Coomera River Estuary, 10/11/99. 

4.00 8.00 12.00 16.00 

Distance Upstream (km) 

Figure 5. Concentration of 230 micron particles in the Coomera River 

Estuary on the 10/11/99._ 
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Figure 6. Concentration of 230 micron particles in the Coomera River 

Estuary on the 19/10/99._ 

Figures 5 and 6, show the turbidity maximum occurring from 
15 to 16.5 km upstream. The creation and maintenance of the 

turbidity maximum has been widely discussed (Pritchard, 
1955; Dyer 1973; Allen et al, 1980; Dyer, 1986), with 
flocculation being considered important to the presence of the 

turbidity maximum. Flocculation has been found to occur at 
around the 6%o isohaline in the Weser Estuary (Germany), with 
the central part of the turbidity maximum zone located within 
the lower salinity reaches (Grabemann et ai, 1997). Other 

Journal of Coastal Research (ICS 2000) New Zealand 

http://www.jstor.org/page/info/about/policies/terms.jsp


_Suspended 
Sediment 

Distribution_385 

Figure 7. Particle Size Distribution throughout the water column at 

study site Crl3 on 
19/10/99._ 

Figure 8. Particle Size Distribution throughout the water column at 

study site Crll on 
10/11/99._ 

Figure 9. Particle Size Distribution throughout the water column at 

study site Cr6 on the 
19/10/99._ 

Figure 10. Particle Size Distribution throughout the water column at 

study site Cr5 on the 
19/10/99._ 

Figure 11. Particle Size Distribution throughout the water column at 

study site Ccl on the 
10/11/99._ 

Figure 12. Conceptual Model of the Coomera River Estuary showing 
fresh water entering the estuary, particles entering the flocculation zone 

and forming aggregates, then moving into the deflocculation zone and 

being broken up by turbulent shear flows. Here Qsalt refers to the 

quantity of saline water provided by tidal action, and Qfresh refers to 

the quantity of fresh water provided by river discharge and 
runoff._ 
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investigations by Grabemann and Krause (1989), have found 
that the turbidity maximum zone is associated with isohalines 
less than 10%o for freshwater inflows less than 800 mY1. In 
our studies the turbidity maximum was typically located around 
the 5%o salinity isohaline, although its position extended from 

approximately 10%o to 3%o. 
On the 19/10/99 (Figure 6) a high volumetric concentration 

of suspended sediment was found in the turbidity maximum. A 
smaller concentration of suspended sediment within a deep 
hole 17.5km along the river, was also revealed. Apart from 
these two locations, there are no other areas of high sediment 
concentration in the estuary, of that particular size of sediment. 
This lack of flocculated material in other areas of the estuary, 
and in the water column beneath the turbidity maximum 

(Figure 7), could mean that the large flocculated particles are 
not falling out of suspension and settling on the bottom of the 

estuary, but are being broken up through turbulent shear flows. 
This pattern is common to both sampling days (Figure 8). 

Between study sites Cr5 and Cr6 (8 to 10km upstream), there 
is a significant reduction in the amount of suspended matter in 
the water column. Site Cr6 is located approximately 10km 

upstream, and is characterised by high concentrations of 

suspended sediment in the upper layer of the water column 

(Figure 9). Site Cr5 is located 8km upstream, and exhibits a 

very different structure to that of sites higher up the estuary. 
Site Cr5 has a lower concentration of suspended sediment, with 
a relatively even distribution of matter mixed throughout the 
water column (Figure 10). This difference between sites is 

again true for sampling on 10/11/99, except with the higher 
inputs of river discharge, the area of change is further 

downstream, with low volumetric concentrations occurring 
3.2km upstream, at site Ccl (Figure 11). 
The observed patterns of river discharge and suspended 

sediment movement, allow a conceptual model of the estuary to 
be developed (Figure 12). In this model of mechanisms there is 
the potential for sediment to enter the estuary by a number of 

means including residual inflow;, runoff; resuspension; tidal 

pumping; and erosion of the estuarine coastline. As the fresh 
water mixes with more saline estuarine water, flocculation, and 

biological trapping occur within a 'zone' of water. This zone of 
water has a salinity of approximately 5%o, and in this area the 

turbidity maximum is found. As the sediment is moved 
downstream by the tidally averaged flow, turbulent shear 

breaking destroys the aggregates, and settling of the fine 
fractions of sediment takes place. 

CONCLUSIONS 

A year long study of the Coomera River Estuary revealed a 

partially stratified estuarine system that has a persistant 
turbidity maximum occurring around the 5%o salinity isohaline. 
A conceptual model was developed that details the position of 
the turbidity maximum, and suspended sediment movement, 
including flocculation and turbulent shear breaking. Variations 
in the position of the turbidity maximum and of the salinity 
structure were observed according to the amounts of 
river discharge. 
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