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ABSTRACT |

SCHACHT, C. and LEMCKERT, C., 2004. Drogue-based measurements of estuarine suspended sediment
characteristics: a new approach. Journal of Coastal Research, S1 41, 124-129. Ferrara (Italy), ISSN 0749-0208

In situ measurements of estuarine parameters are usually made at fixed sites, strategically chosen to best
represent the system. However, this method does not accurately evaluate phenomena occurring between these
stationary points (such as the flocculation and deflocculation of suspended sediments). To alleviate this problem,
a new drogue was developed so that a specified parcel of estuarine surface water could be followed and its
properties monitored over time. The drogue was equipped with a Global Positioning system (GPS) for
monitoring the drogues position, an ASM-IV sediment staff for measuring optical backscatterance levels every
1 cm at 6 second intervals, within the top 2 m of the water column, and a Greenspan CTD sensor for monitoring
temperature and conductivity of the water parcel at 20 cm depth. Data collected from a trial experiment showed
that while the device was beneficial for studying estuarine sediment dynamics, the horizontal scale of estuaries
(~100 m) poses limitations on the drogue’s use.

ADDITIONAL INDEX WORDS: Drogue-based instrument, Insitu measurements, Brisbane River, flocculation

INTRODUCTION

Sediment transport dynamics within estuarine systems have
received a lot of attention in the past due to their association with
the transportation of pollutants and fine-grained natural elements.
The fine-grained particles or Suspended Particulate Matter (SPM)
are significant carriers of pollutants due to their ability to adsorb
chemicals (MCCAVE, 1979 and VAN LEUSSEN, 1998). SPM often
results from natural erosion or anthropogenic inputs such as
dredging, agricultural activities, industrial activities and
urbanization of upland basins (Mo0sS, 1992 and HOSSAIN, et al.,
2001). Suspended sediments in estuaries also pose both
economical and environmental problems on the surrounding
community due to their inherent ability to be deposited in
navigable entrances, thus interfering with the surrounding
ecosystems.

Suspended sediments in lakes and estuarine systems can exist in
the form of flocs (EisMA, 1986). The term ‘floc’ is used to
describe an agglomeration of finer primary particles that have
joined or ‘flocculated’ together to form larger secondary particles.
KRANENBURG (1994) noted that the findings of KRONE (1963,
1986) and PARTHENIADES (1965) had significantly contributed
to our present understanding of a floc structure. One of the most
obvious effects of flocculation occurrence is observed within
estuaries of high primary particle concentration, whereby the
appearance of water can actually ‘clean up’ due to the
agglomeration process. This is because it is the finer particles that
scatter light, causing the estuary to appear turbid.

To accurately predict certain processes and phenomena, one
must obtain quantitative data derived from in-situ investigations
for use in predictive computer modelling. Especially in the field of

estuarine sediment dynamics, laboratory-based research is limited
due to the difficulty of reproduction or calculation of all necessary
parameters. That is, there will always be factors of ambiguity. The
quantification of SPM in estuarine systems and coastal waters has
been extensively studied especially since MCCAVE, (1979) and
DOWNING, et al., (1981) documented the potential of Optical
Backscatter sensors. Since then, non-obtrusive in situ instruments
such as optical instruments, video cameras and drogues (as in this
study) have been used (see also the review paper by WREN et al,
2000 for further details of suspended monitoring instrumentation).

Numerous suspended sediment studies conducted in rivers,
estuaries and related catchment areas have been conducted
throughout the world, the majority being investigated at fixed
sites, chosen to best represent the system. A common study is that
conducted on established traverses approximately 5 km apart
within a tidally influenced river (Cox, 1998). But what happens
between these sites? Although one is left to assume there is a
constant relationship between them, this isn’t always the case.
Drogues and drifters have been used for years to track and monitor
surface currents (RICHARDSON, 1981; KErY and FOLEY, 1995;
CrisP and GRIFFITHS, 1995). Drifters (measuring platforms
developed to follow the same parcel of water) are ideally designed
to provide estimates of changes along the trajectory of the water
parcel (RIGHI and STRUB, 2001). The principle of a drogue is
adopted in this study to measure the suspended sediment in a
constant parcel of water for the duration of a complete tidal cycle.

The objective of this paper is to introduce a novel drogue-based
instrument and present some of the preliminary results. These
results have indicated that despite the limitations due to the
changing water masses in estuaries, the use of this instrument will
improve our understanding of sediment dynamics.
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DESCRIPTION OF INSTRUMENT

The most effective method of obtaining conclusive data is to
combine and synchronise an array of instruments so that different
measurements are made in similar water parcels on similar time
scales (STERNBERG, 1989). This was adopted when designing the
drogue. In its trial experiment (reported here) the drogue carried
three self-contained battery-operated instruments. These
instruments were the Argus ASM-IV (optical backscatterance)
Sediment staff, a Greenspan CTD probe and a portable Global
Positioning System.

The drogue-based instrument was primarily designed to track a
parcel of upper estuarine water (depths~1 m). This was achieved
by attaching a series of four (4) stainless steel vanes to the buoyant
portion of the structure (consisting of a resin coated block of high-
density foam), which allowed the drogue to flow with the
current(see Figure 1.)

The size of the vanes was primarily limited to 500 mm deep,
which was sufficient to track the upper water column without
interfering with the sample volume of water below. The 5 mm

Water1ewel

0 S00rm

Figure 1. Schematic drawing of drogue-based instrument. (1)
ASM-IV Sediment Staff, (2) Lowrance Globalmap-100 GPS
and housing, (3) Greenspan CTD350 Multiparameter Sensor.

thick detachable vanes can be replaced with longer depth vanes if
required. One of the main concemns in designing the whole system
was to ensure that the instrument was not directly influenced by
the wind. For this reason, the top of the float sat flush with the
water surface, while the vanes were placed away from the center
in order to minimise influences on the parcel’s sediment dynamics

Sediment staff

The 2-meter Argus Surface Meter, ASM IV (a high-resolution
sediment staff) operates with 100 infrared sensors (central optical
frequency of 900 nm) per meter. These sensors are located on an
active board protected by a clear epoxy resin and embedded in a
stainless steel rod. Each sensor samples a fixed volume of
approximately 0.5 cm3, at a fixed distance between 5 and 10mm
from the rod. Data from all sensors were logged internally every 6
seconds, with the time stamp synchronised with the other sensors
(based on the programming PC clock).

This study documents the first time the ASM-IV Optical
Backscatterance Sediment Staff has been used to track a parcel of
water; the ASM IV instrument was developed primarily for high-
resolution measurements at the bottom of moving water (in a fixed
position). The sensors embedded in the Optical Backscatterance
staff measure the reflected and refracted light scattered by the
suspended particles (MCCAVE, 1979). The advantage of measuring
suspended sediment characteristics with a non-obtrusive
instrument is that the aggregates or flocs will not be broken up by
routine methods of sampling and testing (GIBBS, 1981, 1982;
GiBBs and KONWAR 1982, 1983).

GPS — Tracking device

As WILSON (1999) predicted, the emergence of more advanced
telemetry technologies has led to increased usage by drifter
designers and researchers. Additionally, the recent advent of the
Selective Availability ending in May 2000 has seen the accuracy
of the civilian GPS increase threefold. Accuracy has changed from
+/- 200m to +/-10m (MELDRUM, 1999). The Lowrance
Globalmap-100 Global Positioning System (GPS) was adopted in
this study with accuracy between 5-10m. The internal GPS data
logger was programmed to update the trail every 10 seconds
(maximum capacity of 3000 track points per trail) which allows a
running time of approximately five hours. The default GPS setting
outputs NMEA 0183 $GPRMC data sentences through a computer
serial port using RS232 protocols. The GPS was attached to the
top of the drogue in an airtight container; a weatherproof GPS
receiver antenna was then connected to the GPS to heighten its
receiver results. The principal function of the GPS was to
determine the path and relative velocity of the drogue as a
function of the time.

Greenspan smart sensors

The Greenspan CTD350 sensor combines the functions of
Conductivity, Temperature and Pressure (Depth). This non-cabled
sensor (with fully-sealed RS232 connector between the data
logger and PC) was fixed to the base of the float (depth 20 cm)
and remained submerged at all times. Pressure is measured using a
ceramic-faced pressure sensor with a sensing range of 0-10 m and
an accuracy of + 0.07% FS (over temp range ~25°C). Conductivity
is obtained using an integrated toroidal sensor with a range of 0-
60000 pS and an accuracy of + 0.7% FS (over temp range 0-
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Figure 2. Photograph of Drogue prototype deployed in Brisbane
River on 23 August 2002.

50°C). Temperature was derived from an embedded sensor with a
range of 0-50°C and an accuracy of * 0.2°C.

A Greenspan PS310 pressure sensor was deployed separately to
monitor the tidal elevation of the estuarine system near the drogue
deployment site. The onboard microprocessor converts the output
voltage to a 16 bit digital signal so that the software program,
SmartCom® can display in real units, i.e. meters of depth.

Both probes use a total of nine Li/Mn02, Lithium Thionyl
Chloride 3.6V AA cells. This configuration supplies 10.8 volts at
5.2A/Hr. Whilst sampling, the PS310 and CTD350 have a current
draw of 32mA and 70mA respectively. All sensors were sampled
and stored every 5 seconds.

METHODOLOGY

Site Description

The unique deep morphology of the Brisbane River and its
associated high-concentration of SPM makes it an ideal location to
deploy and study the nature of the drogue (see photograph of
drogue, Figure 2). The site selection within the Brisbane River
was guided by the need to find a convenient location with little or
no boat traffic, and which was nominally deeper than 2.3m.

The sub-tropical Brisbane River (Figure 3), one of Moreton
Bay’s major tributaries, is located in South East Queensland and
has a catchment of 13560 km? (EYRE, et al., 1998). The region is
generally dominated by two (2) climatic patterns - summer and
winter. The summer months are controlled by heavy rainfall and
thunderstorms that result from the moist and unstable subtropical
maritime airflows. Conversely, the winter months bring forth the
stable anticyclonic air pressure systems with perfect clear skies
and light winds (AULICEIMS, 1990).

Several studies have made considerable contribution to the
understanding of the Brisbane River (e.g. BENNETT, 1986; Moss,
1987; ODD and BAXTER, 1980; and RANKIN and MILFORD, 1979).
The water quality and physico-chemical parameters associated

with the lower reaches of the river were studied by
STRAUGHAN(1967) and Moss (1979 and 1987). A study on the
suspended sediment budget (EYRE, et al., 1998) found the
enhanced sediment trapping ability and turbidity of the river has
resulted from years of dredging and anthropogenic modifications
of the morphology of the river.

More recently, HOLLYWOOD et al, (2001) conducted an
extended study on the sediment dynamics within the Brisbane
River. They discovered this highly-modified microtidal estuary
experienced a turbidity maximum in the mid-reaches, which was
driven by a combination of tidal asymmetry and tidal straining.
This persistent feature was the driving force behind the drogue
development as it was necessary to design a system that could
follow the behaviour of the turbidity maximum during the ebb and
flood tide (where turbidity levels were observed to drop
significantly).

Trial experiment

A trial experiment to test the drogue was undertaken on 23
August 2002. The weather conditions were generally calm and
sunny, although some showers had occurred in the region, prior to
the experiment (no gauging data was available). The drogue was
deployed approximately two hours before the flood tide and
recovered approximately four hours later. The short duration of
deployment was necessary as after this time the drogue would
have moved into an area of high boat traffic, with significant risk
of damage and/or loss.

For this preliminary study a Greenspan PS310 Pressure Sensor,
as previously detailed (which utilises a ceramic-based capacitive
element as the transducer) was deployed close to the river’s edge
to monitor the tidal response over a half tidal cycle. The location
of the sensor is marked by the number 1 and can be observed in
Figure 4.
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Figure 3. Location of Brisbane River, Queensland with respect
to Australia.
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Figure 4: Track of drogue given by GPS unit. Deployment time 10:05 am, turn of tide 12:28 pm and retrieval of drogue 1:30 pm. (1)-
Location where the PS310 Pressure sensor was fixed (near the entrarce of the Oxley Creek inlet).

Tum of tide

B
~1856 1
= r'/‘x'— N\ e
® 183 A et
: G
S S R
P
17 4
22000
o Flood Slack “
& 21600 i A | R, BN C
g 21200 4 ° s A | d
- ] _rh‘ ‘./"‘Lﬂ) 1 ru‘ " m,-m
g -Lﬂ'@ Vl P\.\_ Y‘
&
Pt 2
19600 ’ : )
10:21 AM  10:55 A 11:28 &AM 1202PM  12:35PM  1:09 PM
Time

Figure 5. Results from the CTD probe and Pressure Probe. (A)
Tidal pressure over stipulated drogue deployment time; (B)
Temperature of the water parcel at the drogue; (C) Conductivity
readings from the water parcel at the drogue. Slack tide starting at
~11:50 am and finishing at ~11:17 am with the commencement of
the ebbing tide.

RESULTS AND DISCUSSION

The results from the preliminary deployment of the drogue-
based instrument quantify some of the main governing physical
attributes of the Brisbane River. As previously discussed, the
recording of the drogue’s trajectory in the Brisbane River was
achieved by the GPS. Figure 4 shows that the drogue (deployed at
10:05 am) changed its direction from proceeding upstream to
downstream at 12:28 pm. This correlates with Figure 5, which
suggested that at the change of tide, the drogue started to follow
another water parcel of different temperature and conductivity.

As can be seen from Figure 5, the flooding tide reached its peak
at 11:20 am on 23 August 2002 and, after this point in time the
tide started to reach its slack period at ~11:50 am. The GPS data
revealed (see Figure 4) the drogue did not change direction until
12-12:30 am, leaving a time lag between that of the drogue and
the actual tide. HOLLYWOOD et al., (2001) also observed a similar
tidal velocity lag in the Brisbane River. Figure 5 also presents the
conductivity and temperature data derived from the CTD. The data
reveals that there was a gradual warming of the surface water until
about 12:20 am, when a more rapid change occurred. This
warming may have been the result of solar radiation. The
conductivity signal varied throughout the deployment, this may
have been a result of the tidal straining processes encountered in
the estuary. Tidal straining is the name given to the process, which
can lead to a decrease in vertical salinity stratification during the
ebbing tide. It is caused by an interaction between the vertical
sheared tidal currents and the along-channel salinity gradient
(SIMPSON et al., 1990).
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Figure 6. Normalised ASM-IV (Sediment staff) graphs of
Backscatter. (A)-Sensor 2 at depth of 22 cm and (B)- Sensor
100 at depth of 122 cm below the water surface. NB: The
sensors are numbered ascending from the top of the staff, near
the head unit.

Examples of the backscatter data derived from the ASM-IV are
graphed in Figure 6. The data presented from sensors 2 and 100
(at depths of 22 cm and 122 cm below the water surface,
respectively) were normalised by dividing the recorded values by
the maximum recorded by that sensor during deployment. The
data reveals that the reflectivity values measured by sensor 2
initially increased until 11:10 am, before decreasing to extremely
low values at 11:50 am. At 12:10 pm a dramatic increase in
backscatter was observed until 12:15 pm, when it reached and
maintained a nearly constant value. Sensor 100 followed a similar
trend although the signal lagged that of sensor 2 by approximately
30 minutes. It is likely the unsteady nature observed in the early
stages of deployment resulted from tidal straining, which has been
shown to cause rapid changes in SPM levels (HOLLYWOOD et al.,
2001). The lag indicates the water column was probably stratified,
and that the parcel of water that SPM was initially at the surface
moved downward through the water column with time; in time
suggesting a very complex settling/mixing process was active.
This may have been caused by a frontal structure resulting from
the inflow of Oxley Creek (location shown in Figure 4), observed
during the field trip.

These results suggest that, in addition to the scattering profile
data, it is also necessary to determine the vertical
salinity/temperature distribution so that vertical changes in these
(resulting from different mixing processes) can be quantified.
Additionally, determination of the in situ vertical particle size
distributions will help distinguish between flocculation and
settling, both of which can lead to reduced backscatter, and
deflocculation and vertical advection of material, which can lead
to enhanced backscatter.

CONCLUSIONS

This paper has presented a unique method for the investigation
of sediment dynamics within an estuary; albeit with some
limitations. Future deployments will be carfied out with
simultaneous traverses of the LISST-100 (Laser Insitu Scattering
and Transmissometry) sediment-sizer, so the ASMIV-derived
turbidity levels can be related to particle distribution (obtained by
the LISST-100) as in HOLLYWOOD, et al., (2001). One of the
major shortcomings of the LISST-100 is its limitation to measure
flocs exceeding 250um. This can pose a problem in estuaries such
as the Halifax Inlet where the large flocs or marine snow
(>250um) account for 36-100% of the total suspended particle
matter concentrations (SYVITSKI et al., 1995). Therefore the use
of other methods of obtaining concentration levels and size
distributions (such as the AGC Floc Camera Assembly (HEFFLER
et al., 1991) and the high-resolution video camera (STERNBERG et
al., 1999) is recommended. The latter method comprises a
sediment trap attached to a video camera where time-lapse images
of the settling aggregates are taken through the water column.

The LISST (which is also equipped with a Seabird SBE 37i
CTD) will also be used to investigate any changes in vertical
structure that may arise from tidal straining, or by the drogue
encountering and estuarine front. Additionally, a Nortek Vector
current meter for recording the background turbulence levels when
dissipation rates exceed 10 m%/s’, will be attached to the base of
the sediment staff. This will give details of the turbulent levels
near the drogue, which will help to quantify the influence of tidal
straining and the importance of turbulence in any settling and/or
flocculation process. The LISST will assist in determining
whether the process is resuspension and/or flocculation, as it will
permit the determination of particle size distribution.

It is evident from this investigation that careful considerations
must be made when selecting a suitable drogue deployment
location. Ideally the site ideally must have no external inputs
(including wind and freshwater inflows). While this limits the
study sites to some extent, it will certainly enhance our
understanding of the water within the upper depths of an estuary.
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