NOTES ON THE GENERATION OF LINE TURBIDITY CURRENTS ON THE CONTINENTAL SHELF BY WAVE-CURRENT BOUNDARY LAYERS
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The along-shelf direction is denoted as x, and the cross-shelf direction is denoted as y (positive increasing seaward).  For simplicity, it is assumed that both waves and currents are oriented in the alongshelf direction.

The basic idea is as follows.  Along-shore directed waves and a current generate a wave-current boundary layer along the bed.  This boundary layer is stronger in inner shelf and weaker in the outer shelf, as the bottom drops below orbital wave base due to increasing depth.  Sediment is stirred up in the boundary layer.  Since the bed slopes from the shoreline to the shelf-slope break, the result is a turbidity current driven by the suspended sediment, directed toward the shelf-slope break.  This view is summarized in the figure above.

Case of No Sediment
First the case of a wave-current boundary layer in the absence of sediment transport is considered.  The flow is considered to be uniform on the x and y direction.  The equation for momentum balance in the x (along-shelf) direction is
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(1)
where pw denotes the pressure field associated with irrotational waves, Swx is a (constant) water surface slope in the along-shelf direction that drives the currents, 
[image: image2.wmf]u

 is along-shelf velocity averaged over turbulence, z is a coordinate upward normal from the bed and (t is an eddy diffusivity.
The wave-current boundary layer extends from y = 0 to y = (.  Above this boundary layer 
[image: image3.wmf]u

 can be decomposed into a potential flow component due to irrotational waves upw and a component due to the current 
[image: image4.wmf]c

u

.  The respective forms for momentum balance are:
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(3)
Within the wave-current boundary layer momentum balance becomes
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(4)
The above relation can be solved with a suitable boundary condition (match to the rough logarithmic law at z = b near the bed) and solved.  The boundary shear stress is then given as
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(5)

Case of sediment mobilization over a horizontal bed
If the bed is horizontal, there is no dynamic consequence to the mobilization of sediment other than possible flow stratification in the vertical (thus modifying (t).  Once (b is known, the bedload transport rate can be evaluated from an appropriate transport relation, and likewise the dimensionless rate of entrainment into suspension E can be evaluated.  The governing equation for the evolution of the suspended sediment profile is given as
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(6)

where 
[image: image10.wmf]c

 is the volume concentration of suspended sediment, vs is fall velocity and 
[image: image11.wmf]b

c

 is a near-bed value of 
[image: image12.wmf]c

.  The bottom boundary condition on (6) is
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(7)
Case of a bed that is sloping downward in the across-shelf direction (seaward)
Let Sby denote the bed slope in the y direction.  In the presence of such a slope, the sediment suspended in the wave-current boundary layer should act to drive a flow in the seaward across-shelf direction (y).  The governing equations in the boundary layer become (after some work using the slender flow approximations)
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(8)
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(11)

Now the equations are coupled.  The wave-current boundary layer can suspend sediment, which then drives a current seaward.  Under the right conditions this current may self-accelerate into a line turbidity current heading out toward the continental slope.

�

















_1124017853.unknown

_1124018678.unknown

_1124019108.unknown

_1124055670.unknown

_1124055686.unknown

_1124019208.unknown

_1124019394.unknown

_1124018759.unknown

_1124018884.unknown

_1124018710.unknown

_1124018704.unknown

_1124018205.unknown

_1124018395.unknown

_1124017906.unknown

_1124017746.unknown

_1124017810.unknown

_1124017675.unknown

