Lecture 8

Sediment Transport in the Littoral Zone 

Part II

Computation of Net and Gross Annual Longshore Transport 

The SPM gives an approximation that makes Eq. 7.9 easier to use, i.e.

  
Q ls ~ Ky Ho 5/2 (cos o)1/4 sin o  




8.1

where Ky ~ 1.37x105 is the calibration constant for Qls expressed in cubic yards per year.

The SPM formula (Eq. 8.1) estimates the annual rate of transport as if the Ho value persisted for a whole year from a specified direction o. The actual wave distribution is based on the wind speeds and directions. Thus it is common to use a wind rose to describe the wind speed and directional distribution by a wind rose (see attached Figure 8-1 for midLake Pontchartrain; the details of the frequencies of the wind speed in the various classes is given in Table 8-1). A wind rose separates the wind into classes or bins of direction and speed with an assigned probability of occurrence associated with each class (see attached table).  The distribution is expressed as the fraction of the time (e.g. fraction of a year) that the wind follows into a certain speed and direction class.The net annual transport is then found from 

Q ls net = Ky ij{Hoj 5/2 (cos oi)1/4 sin oi} fij 



8.2

where (oi) = +ve if  movement of littoral material to the right,

           (oi) = -1ve if  movement of littoral material to the left,

fij = probability of occurrence for the class i,j (i.e. fraction of the year that a wind in this class exists). 

The gross transport is similar to Eq. 8.2 except that absolute movements to the right and left are added, e.g. 

Q ls g = Ky ij Abs[{Hoj 5/2 (cos oi)1/4 sin oi}fij ]



8.3
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Figure 8-1 Annual Windrose for Lake Pontchartrain (MidLake)
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        Table 8-1
Assignment 8.1. For the wave rose represented in the following table, estimate: 

1. The longshore transport to the right,

2. The longshore transport to the left,

3. The net longshore transport,

4. The gross longshore transport.

	H ft
	W 
	SW 
	S
	SE
	E Wind Direction

	0.5-1
	2
	6
	6
	8
	2

	1-1.5
	1
	6
	7
	7
	5

	1.5-2
	1
	2
	3
	3.5
	2

	2-3
	0.5
	1
	1
	1
	0.7


The shoreline runs due east-west. The beach slope is 1%.

Onshore-Offshore Transport

The onshore or offshore movement of littoral material depends on the storm waves/swell waves, storm stage, beach grain size, angle of repose and the beach slope. Figures 8-2a and 8-2b show the forces on a grain on a beach. The attached Figure 8-3 (SPM 7.20) shows the stable beach slope as a function of grain size. The figure also shows the effect of protection on beaches. Protection refers to offshore limitations on the wave energy that can reach the beach, e.g. offshore reefs.   
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Figure 8-2a
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Figure 8-2b Forces on a grain on a beach.
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Figure 7.20. Relationship between beach slope and sand side at the mid-tide level for Pacific coast beaches (3).




Figure 8-3 Stable beach slopes from SPM

Figure 8-4 (1-7) shows the shoreline response to seas and swells. In general storm waves occur at high water levels and result in shoreline erosion and net offshore transport of sediment. On the other hand long swells and smaller wave heights tend to move sediment onshore and rebuild the beach. If the storm waves erode the dunes, the mechanism for restoring these landforms is inter-storm onshore movement of sand by waves followed by wind driven transport to the dunes. 
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Figure 1-7, Schematic Diagram of Storm Wave Attack on Beach and Dune




Figure 8-4 Coastline responses to Storm and Inter-storm waves

In Figure 8-5, Dean and Dalrymple have presented a chart to estimate when wave will tend to move sand onshore or offshore.
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Figure 8.14  Criteria for the generation of storm oF normal profiles
{from Kraus and Larson 1988).




Figure 8-5 Criterion for Onshore (Berm) and Offshore (Bar) Movement of Sand [w is the fall velocity; T = wave period; Ho = deep water equivalent wave height;  Lo = deep water wave length]

The USACE has developed two charts that indicate the tendency of littoral material to move off or onshore. Their approach is to present the onshore/offshore observations on a regime chart that plots:

 a) Dimensionless Fall Time versus Deep water wave steepness {Figure 8-6 (4-29 SPM(73)}

  a) Dimensionless Fall Time versus Wave Height/Grain Size {Figure 8-7 (4-30 SPM(73)}

Fo = Dimensionless Fall Time = Ho/(Vs T)

In the 1984 SPM, the criteria is simplified to 

Fo > 1 Offshore deposition

Fo < 1 Onshore deposition

Example: Given a median grain size of 0.25 mm and deep wave height of 2 ft with a period of 3 seconds. The beach slope is 2%. 

a)Will the net motion be onshore or offshore? Use Figures 4-29 and 4-30.

b) Is the beach slope likely to be stable or unstable? Assume that the beach is moderately protected.
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Figure 8-6. Onshore/Offshore Criteria 
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Figure 8-7. Onshore/Offshore Criteria
Dean and Dalrymple have defined the ‘Closure depth’ as the depth at which the bed velocity (shear) will not move the grains. Figure 8-8 can be used to estimate this depth for T = 15s. Figure 8-9 can be used along with orbital currents to extend this curve.  
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Figure 8-8. Closure Depth as a Function of Wave Height and Sand size for T =15 s.
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Figure 8-9 Initial Motion
The orbital velocity can be estimated from 
Horizontal max {+ or -}

U= (H/2)*(gT/L)*cosh(2(d+z)/L)/cosh(2d/L)  

or   at z = -d  

Ub= (H/2)*(gT/L)/cosh(2d/L)  

Example. Determine the closure depth for the following wave:
H = 6 ft;

T = 7 sec.

Grain size = 0.5 mm

Solution:

Offshore Currents
Offshore currents can be in the form of underflow, overflow or rip currents.

Under storm wave conditions it is possible to have onshore currents near the surface and underflow currents near the bottom; however, storm waves also cause rip currents. Rip currents are concentrated offshore jets that extend from the shoreline to outside of the surf zone {see http://www.ripcurrents.noaa.gov/overview.shtml }. These currents can exceed 1 m/s and can transport large amounts of material offshore. Figure 8-10 shows schematically the nature of rip currents. Figure 8-11 shows a plan view photograph of a rip currents. The relationship of sand bars and rip currents is illustrated in Figure 8-12. We will see later that jetties and headlands can cause rip currents under certain wave conditions.
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Figure 8-10: Rip Currents (After Dean and Dalrymple)

[image: image13.jpg]1




Figure 8-11 Photograph of a Rip Current

[image: image14.png]= Viaves
i Current
Sond Woves

ar




Figure 8-12 Relationship of Bars to Rip Currents
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