Suspended sediment transport.
Sediment transport is divided into: bed transport and suspended sediment transport. Today we will discuss suspended sediment transport.
The material suspended can be from the local sediment bed (bed material load) or from away (wash load). 

Suspension occurs under high shear stress, when fluctuation of the vertical velocity (w’) overwhelm the settling velocity (ws). Since u*=<w’u’>1/2 and for small turbulent eddies |w’|~|u’|, <w’2>1/2~ u*. 

A non-imensional Rouse number is defined as R= ws/u*, where k is the von Karman’s constant (0.41). Criteria for suspension:

1. R>2.5 – no suspension.

2. 2.5>R>1 – incipient suspension (material still very close to bottom)

3. 1>R – full suspension.

Note that for each grain size we can define a different R.

The suspended sediment is confined to the turbulent, vertically mixed portion of the flow, e.g. the bottom boundary layer (BBL).

The flux of suspended load in the x-direction (per unit length in the y-direction) is given by:
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(1)
where c is the sediment concentration [M/L3]. We implicitly assume that the horizontal velocity of the flow and the sediment are the same (u=us, v=vs). We have discussed the velocity profile in the boundary layer in a previous lecture. Here we derive the vertical profile of the suspended sediment.
Thus in order to solve for the transport we need to know the velocity and concentration profiles.

Suspended sediment profile
Lets assume that once sediment is in suspension it is conserved. In mathematics this is described by:
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(2)
If we assume steady state, that the flow is uniform in the horizontal direction, (2) simplifies to:
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(3)
Dividing the velocity and concentration into time averaged and fluctuating components,
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(4)

substituting into (3) and time averaging we get:
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(5)

The mean flow is assumed to be horizontal and uniform and thus with no vertical average except for the particles settling velocity which is non-divergent. Thus:
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(6)

The right hand side is dealt with in the same way we have dealt with Reynolds stresses before (termed the turbulent closure scheme). We assume that the turbulent fluxes can be represented as a product of an eddy-diffusivity and the mean gradient and that the flux is down gradient:
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Substituting into (6):
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(8)

Downward flux of settling is equal to upward flux by turbulent resuspension. In order to solve (8) we need to boundary conditions. If we assume a steady state where for every particle entering the BBL one has to leave from the same boundary, the net flux at each boundary has to be zero.
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(9)
Integrating (9) from a location where we know the concentration (z1) to z and assuming the fall velocity to be constant with depth:
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(10)
Near the bed, the eddy viscosity for momentum, K=u*z, increases linearly with z. If we assume that the particles’ diffusivity is proportional to that of water, Ks=K (~O(1)):  
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(11)
Note that we use the convention that z increases upward and thus ws=-|ws|<0. The solution above is limited to the region where Ks is linear with z. Extending the profile higher up in the water column it is often assumed that (e.g. Hill and McCave, 2001):
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(12)

all of which agree with (11) close to the bed.
Since the sinking velocity varies by orders of magnitude with size, we need to solve (10) for each size section separately, using its own settling velocity. Aggregation/ dis-aggregation dynamics have to be taken into account as well, if the aggregation time is shorter than the turn around time of particles in the BBL. The value of concentration at z1 is often either based on observations or assumed via a relationship with the bottom stress.
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