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Introduction

Many estuaries and near-shore coastal regions have bed sediments consisting of mixtures of
cohesive mud and non-cohesive sands. Whilst extensive studies have been conducted on transport
processes associated with sand- or mud-only sediments, there remains limited knowledge on the
physical behaviour of sand-mud mixtures in suspension. Due to important differences that exist in
cohesive and non-cohesive sediment behaviour, it is essential to gain improved understanding of
small-scale processes (e.g. flocculation and settling) associated with mixed sediments, many of
which are known to have a strong influence on larger scale sediment transport and morphodynamic
evolution. In relation to flocculation, particle aggregation and disaggregation processes result from
complex interactions which include inter-particle collisions due to Brownian motion, turbulent shear
and differential settling (Winterwerp, 2002). These flocculation processes can vary significantly,
both spatially and temporally, depending on factors such as wave/tidal-induced turbulent stresses
and suspended particulate matter (SPM) concentration and composition (i.e. clay, silt, and organic
matter). This variability often results in continually-changing floc properties (e.g. floc size and
density), and hence sediment settling fluxes and suspended sediment load. Previous research in
this field has included studies of the flocculation properties for sand-mud mixtures under so-called
equilibrium and non-equilibrium conditions (e.g. Cuthbertson et al., 2010; Manning et al., 2011).
However, to-date, there have been very few systematic studies conducted to determine the
parametric influences on flocculation processes for sand-mud mixtures. The current study presents
results from a series of settling column experiments within which the temporal variability in
flocculation behaviour is examined for different sand-mud mixtures under controlled zero-mean-
shear turbulent flow conditions generated within the column. Ongoing work to establish the
important linkages between fluid-sediment interactions within mixed sediment suspensions through
development and application of a population balance modelling approach is also discussed.
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Fig. 2. (a) Image of settling kaolin flocs, (b)(c) enlarged images of individual flocs.

Results and discussion

Fig. 3 shows example time series plots of the total suspended sediment (TSS) variation measured at
the two OBS positions, along with corresponding measurements of the significant D son and maximal
D, floc sizes at specific times (note: error bars on D, values represent the standard deviation in
floc sizes used in the ensemble averaging). Results typically show that for mud-only runs [i.e. no
sand fraction, Figs. 3.(a) and (c)], floc sizes attained are generally larger than those attained for
equivalent sand-mud mixture conditions [i.e. equivalent mud concentrations C_and grid-generated
shear rates G, Fig. 3(b) and (d)]. It is interesting to note that, at lower shear rates G, the TSS
concentration within the column continues to increase over the duration of the run [Figs. 3.(a) and
(b)], whilst it is shown to reach an equilibrium concentration under higher G values [i.e. TSS — 0.95
g I" at t > ~275min, Fig. 3(c)]. Equivalent floc measurements are shown to indicate a non-linear
increase in D and D, floc sizes with these TSS values, particularly noticeable for the sand-mud
mixtures [Fig. 37(b) and (ci)]. This may be due partly to (i) the temporal lag in response of flocculation
processes to changes in TSS levels within the column (i.e. non-equilibrium conditions), and (ii) the
additional effect of the sand fraction in inhibiting floc growth through differential settling processes
and direct particle-floc collisions (Cuthbertson et al., 2010). In this regard, results from the ongoing
development and application of a population-balance modelling approach, aimed at simulating the
additional floc break-up mechanisms associated with sand-mud mixtures, will also be reported.
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Fig. 3. Time series plots of total suspended sediment (TSS) and measured floc sizes (D. & D._) for runs with

£.95

C (@ 1): 1 (mgs"): G(s") of (a) 1.8:0:0.81, (b) 1.8:70:0.81, (c) 1.8:0:2.31, (d) 1'§70:2/31.
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