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Introduction

Lagrangian field data in tidal shallow waters are rare, but valuable for the under-
standing of the spatio-temporal structure flow and water qualities, validation and
calibration of hydrodynamic models, and advection-dispersion models for such . . .
systems. Recent improvements in GPS technology have paved the way for the Val Id at ! o N Of N St ru m e nts
development of instrumented high resolution Lagrangian drifters capable of

being deployed in shallow rivers and estuaries where processes of interest occur

at small temporal (100 seconds) and spatial (few metres) scales. Vidflood e

Purpose h

The aim of this project is to develop a novel Lagrangian drifter system - Real-
Time Flow Logging of Water (RTFLOW). This system is capable of monitoring river
and estuarine water velocity and turbulence, dispersion coefficients, water param-
eters (initially temperature and salinity. Future versions capable of incorporating a
wide range of sensors including dissolved oxygen, nitrates, phosphates, pH, tur-

- The distribution of diffusivity with the water elevation measured by the
drifters and averaged in time is shown above. The estimated diffusivity
varied between 0.001 — 0.02 m?/s during a 4.5-hour experiment indicating
that constant value of diffusivity used in advection-diffusion modelling of

bidity, chlorophyll, etc.) and measuring air-water interface flux exchange. - Drifters were deployed repeatedly in a sheltered channel in the vicinity estuaries is untrue.
of acoustic Doppler velocimeters (ADVs), an acoustic Doppler current profiler
With about 50% of the global population living in coastal areas, human activ- (ADCP) and a sonic wind anemometer. . Peak diffusivity was observed at the early part of the flood which corre
ities around shallow water bodies (e.g. rivers, floodplains and estuaries) have sponds to the peak horizontal mean velocity. This suggests the diffusivity in
increased. These water bodies are exposed to pollution, climatic change, tidal .- The response of the simple designs of high and low resolution drifters to the models can be scaled by the mean horizontal flow velocity.
and sub-tidal exchanges, which all influence their characteristics and thus pose wind and water flow in tidal shallow water was examined using qualitative
dangers to their ecosystems. In order to put effective safety measures in place, correlation and coherence analyses under moderate wind conditions . The small scale (eddy) diffusivity exhibited strong dependence (R2 > 0.9) on
monitoring of water bodies, estimates of mixing and dispersion of particles/con- (0 - 4 m/s). the horizontal velocity.
taminants , measurement of scalar concentration and flux exchange in Air-water
interface are important. - Subsurface drifter motions in bounded sheltered water are affected by wind

through low frequency induced wind current rather than direct wind drag
when only a small portion of the drifter is not submerged.

The field validation of both high resolution and low resolution drifters with
surface measured velocity from ADCP is good (R?> 0.9; RSME = 0.04 m/s) in
the streamwise direction.

Case studies

Currimundi Lake:

» Effect of mouth conditions on dynamics of Intermittently Closed and Open
Lakes and Lagoons (ICOLL)

» Mechanisms responsible for the dispersion and mixing

» Air-water interface flux exchange

» Prediction of channel response to extreme weather conditions

Our data —>

Pumistone Passage:
» Small scale (‘eddy’) diffusivity

» Assimilation of Lagrangian data into hydrodynamic models
» Air-water interface flux exchange: field observation and numerical modelling

Eprapah Creek: For comparison and to examine the similarity between the scaling of small scale
< Q;Zﬁl";‘g;gf(gggif)tgif‘:l:z’i‘\/r‘i?yf"rces (water and wind velocities) mixing parameters in Eprapah Creek and existing bodies of theory, the plot

> Variation of eddy diffusivity with tidal flow of the apparent diffusivity against the length scale of diffusion are presented.
These are presented alongside Okubo’s dye experiments ocean diagram data.
Okubo’s data were obtained from the dye tracer diffusion experiments covering
the time scale in the range of 2 hours - 1 month and length scale 30 m - 100 km.
Despite the difference in geometry, physics of the systems, approach and
method of estimates, it is clearly observed that the diffusivities scale locally by

4/3 Richardson power law.

Significance

This research will enable improved hydrodynamic models to be developed
through better calibration and improved representation of their governing
processes. These improved models will provide more accurate predictions of
flood and tidal surge levels, pollutant transport, changes in water parameters
due to spills or weather events, erosion and other environmentally important
phenomena.

Scales of transport processes Eprapah Creek experiment Conclusion

Our data clearly extend Ocean dispersion diagram to smaller scale for small
water bodies.

| Timescale Acoustic « A new design for drifters with the capability of studying flow and air/water

Dopp_ler quality parameters in tidal shallow waters is evolving.
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caused by
molecular ~ Energy - Validation of drifter measurement in shallow tidal water showed good cor

technologies diffusion, dissipation relation with acoustic measurements next to the surface.
evaporation
etc. - Eddy diffusivities increase by two orders of magnitude in periods less than
Transport caused by 3D a tidal cycle as against constant values used in hydrodynamic models.
turbulence mixing; wind
Small-scale mixing, surface waves,

- Eddy diffusivity showed strong dependence (R?> 0.9) on the mean
horizontal velocity.
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scale cross shelf exchanges

« Eddy diffusivity scales with integral length to the power of 4/3 similar to

“Small scale” eddy diffusivity from drifter measurements in shallow tidal
water extends ocean diffusion diagram.
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5. Assimilation of Lagrangian data into Eulerian- v. = residual velocity, V = instantaneous velocity from the drifter, over bar signifies Acknowledgements
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_ This equation suggests asymptotic behaviour of K(t) after decorrelation time. In for providing access to SunPOZ network for reference station data used for
Management of estuarine systems practice, this behaviour may or may not occur. Time of first zero crossing was RTK post processing of the high resolution GPS-tracked drifter.

adopted for upper integral limit.






