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Introduction 
In mixed sediment environments, clay and silt particle content, together with organic compounds, 
can play a key role in suspended sediment flocculation dynamics. Benthic and pelagic bacteria and 
algae secrete extracellular polymeric substances (EPS) that significantly increase the cohesion of 
muddy sediments (e.g. de Brouwer et al., 2005) acting to enhance both flocculation and bed 
stability. Similarly, epipsammic diatoms, cyanobacteria and other microphytobenthos have the 
potential to bind together sand size particles (e.g. Harper and Harper, 1967). While these biogenic 
processes are recognized to be important in mixed sediment flocculation dynamics (Manning et al., 
2013), prediction of their contribution remains elusive and detailed field measurements are vital for 
extending the parameter range of existing data sets, validating and improving the calibration of 
numerical mixed sediment transport models (e.g. Spearman et al., 2011). 
Flocculation critically influences the flux of sediment to the bed and alters transport potential of 
deposited sediment. This plays a role in the development of bedforms, which in turn effect 
turbulent flow fields and thus interact through a range of sedimentary processes. To date there are 
few published comprehensive field data sets of both bed and floc dynamics in sediments containing 
a mixture of both mud and sand (Manning et al., 2010, 2013). The work presented herein (which is 
part of the UK NERC-funded COHBED project) concerns the influence of biological and sediment 
cohesion on bedform dynamics and thus evolve a process-based knowledge of the sediment 
suspension mechanisms that feed and respond to bed evolution. Here we examine a comprehensive 
set of floc, suspension, biochemical, hydrodynamic and bedform data in an intertidal mixed 
sediment estuarine environment. The evolution of the suspension concentrations, floc and primary 
particle size distributions and hydrodynamics are analysed over a tidal inundation together with the 
organic content in the water column. These changes over the flood tide are discussed in relation to 
the bed composition and the net change in bedform features over a single tide. 
 
Methodology 
Fieldwork was conducted in the intertidal region of the Dee Estuary situated in North-West England. 
The Dee estuary is a macrotidal, funnel-shaped estuary, with a tidal range between 5.33m and 
9.72m (Potter Huckle and Marrs, 2004).  A variety of measurements were undertaken from the 21st 
of May to the 1st of June 2013 (as part of the wider COHBED project) and the results presented here 
represent time series over two single inundation events that were collected from sites with different 
bedform features and varying bed composition, with site B being notably muddier than site A. 
At both sites data were collected during inundation via an instrument rig and also from a moored 
boat in close proximity to the instrument rig. Bed samples were collected prior to and after 
inundation and analysed for particle size distribution and organic content. Three-dimensional point 
clouds derived from Terrestrial Laser Scanning (TLS), taken at low water on either side of the 
inundation event, were used to provide information on bedform characteristics and scales. Amongst 
the equipment positioned on the rig were two Optical Backscatter Systems (for estimating 
suspended sediment concentrations), two water sampling tubes leading to ISCO water sampler 
carousels on the nearby research vessel, two Acoustic Doppler Velocimeters and a Pressure 
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Transducer. To obtain measurements of floc size (D) and settling velocity (Ws) distributions a water 
sample was collected using a 2.2L Van Dorn horizontal water sampler every fifteen minutes during 
the flood and ebb. Sub-samples from the Van Dorn sampler were extracted via a modified pipette 
and transferred separately to a low intrusion, video-based laboratory spectral flocculation 
characteristics (LabSFLOC) instrument (Manning, 2006) for instant data analysis. Indications of 
individual floc effective density (ρ

eff 
) and floc mass were be determined. 

The two ISCO water samplers, containing 24 bottles each, were automated to collect three 500ml 
replicates of water every ten minutes over both the flood and ebb tide. Samples were collected for 
suspended mass concentration, EPS content (spectrophotometric methods), and for laser particle 
sizing. Representative floc populations were carefully extracted from the Van Dorn using a modified 
pipette and then transferred to the LabSFLOC settling column, whereby settling flocs were viewed 
by a high resolution digital video camera, (resolution ~10µm) from which size and settling velocity 
distributions were estimated. 

Results 
Peak current speeds reached a nominal value of 0.6m/s during the flood at both site A and site B. 
The ambient flow produced maximum near bed turbulent shear stresses of ~0.25Pa. However, the 
point clouds data from the TLS taken at both sites indicates that bedforms at site B are both smaller 
in scale and underwent less net change over a single tide than those at site A. Despite similar 
hydrodynamic conditions and primary particle size at the two sites, suspended sediment 
concentrations (SSC) from the muddier site indicate higher near bed concentrations (SSCs of 118-
466mg/l on 25th May 2013 compared to 56-215mg/l on 20th May 2013 during floc sampling at 
sites A and B, respectively) and greater suspended sediment stratification. A total of 67 LabSFLOC-2 
populations were collected. Tables I and II summarise key parameterized floc properties for run and 
sub-run timescales at Sites A and B. While mean floc properties varied little at both sites, slightly 
higher mean floc size and a higher percentage of macroflocs (D > 160µm) were observed alongside 
the higher sediment concentrations at the muddier site (site B).  
Initial biochemical results suggest that over the period of tidal inundation there was relatively little 
temporal variation of organic matter, while primary particle size analysis indicates that the relative 
proportions of silt to sand increased over the slack high water period as expected with the 
concomitant decrease in turbulent shear. Further biochemical analyses of the bed composition and 
suspension will be used to compare the temporal evolution of bed and suspension characteristics 
before, during and after inundation and mechanisms contributing to these characteristics will be 
discussed in relation to the two different sites. 

Table I. Floc property ranges and average Macrofloc 
content for Site A (25th May 2013) and Site B (29th 
May 2013) 

 
 

Table II. Total run and sub-run average floc properties for 
Site A (25th May 2013) and Site B (29th May 2013) 
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