Lecture 7

Sediment Transport in the Littoral Zone 

Part I

Littoral Transport

This refers to transport of sand in the (littoral zone( which extends from the beach to the edge of the region where wave energy is sufficient to entrain and transport the bed material. The transport in this zone may be onshore-offshore and/or longshore.  Longshore refers to transport or currents that are parallel to the shoreline. A littoral cell is a self-contained littoral zone. A list of terms (NOAA) related to the littoral zone is attached to this lecture.
The energy (some references use momentum) to resuspend the bed sediment is attributed to the currents and turbulent energy that is released when the waves break. The longshore current to transport the resuspended sediment is mainly caused by the excess momentum in the waves at the time of breaking plus the general lake or sea circulation. The total excess momentum can be resolved into onshore and longshore components. Figure 7.1 shows a shoaling-refracted wave and the resulting longshore transport. Note that transport can be due to diffraction as well as refraction of waves.  A commonly used formula for the strength of the longshore current is due to Longuet-Higgins (SPM 1973),

        vb  = M1 m (gHb) ( sin(2 b)






7.1

where M1 = 0.694 /{ff (2)-( } ~  20.7;  m = beach slope; ff = friction coefficient ~ 0.01 for sand beaches;  = db /Hb ~ 1.2;  = mixing coefficient ~ 0.2 to 0.5. Field calibration is in good agreement with M1 = 20.7.
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Figure 7.1a Longshore Currents
Equation 7.1 gives the theoretical maximum current at the breaker line. Friction effect will result in reduction in this maximum and re-distribution of the momentum both onshore and offshore of the breaker line. A typical distribution is illustrated in Figure 7.1b (Dean and Dalrymple 2002).
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Figure 7.1b Effect of Friction on Distribution of Longshore Current (Longuet-Higgins from Dean and Dalrymple, 2002).

The onshore component results in a (wave setup( on the beach and provides the force that causes  (rip-currents( to develop. Shoaling waves as they approach the breaker limit tend to have mainly translatory onshore motion (all water moving in the direction of the wave); the rip-current balances the flow by returning the flow to the offshore region. These currents may transport sediment offshore. In addition, bottom current seaward of the breaker zone may also result in offshore movement of the resuspended sediment. Figure 7.2 is a schematic plan view of the effect of refracted waves on a beach where the surf zone is where the waves break and the swash zone is where the broken waves runup the shoreline of the beach. Figure 7.3 defines the parts of the littoral zone and shows the onshore-offshore responses due to storm waves/storm surge (b) and swells (inter-storm) events (a). The storm waves may erode the stored sand on the foreshore or even the backshore and deposit this in a bar or multiple bars in the littoral zone. Waves tend to break on these bars thus providing a natural reduction in the wave energy that reaches the beach.  
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Figure 7.2 Plan view of wave attach on a beach.
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Figure 7.3a Coastal zone response to normal and storm waves (Terms)
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Figure 7.3b Coastal zone response to normal and storm waves (Terms)
[image: image6.jpg]4g sure ol the snoreune (conltiguea

(a)
Coastal zone
Offsh
0r8 200 Inshore | __Foreshore _| Backshore
Dune
Berm \
Meanhighwater
Beach shaped
by normal
wave action

(b)

High water plus
storm surge

Beach under attack
by storm waves

Accretion as longshore bars

Main zones and features of a typical coastline, showing the effect that waves have when combined
with a storm surge as in (b).

T,



     
Figure 7.3c Coastal zone response to normal and storm waves.

Littoral Material Properties

Chapter 1-III of the CEM provides a detailed description of coastal sediments. The important properties include:

Grain size {boulders, cobbles, gravel, sand, silt and clay}

Grain size distribution 

Specific gravity {Ss = 2.65 for quartz sand}

Shape 
Composition {resistance to abrasion}

Bulk properties {porosity, permeability, bulk density, bearing strength, friction angle}

Grain Size may be express as: 

Sieve number is compared to other measures in Table III-1-2 CEM.

The grain diameter can be given in  mm or  phi () units where 

 = -log2 (D mm).






7.2

or


D = 2 -{} 








Grain size distribution is sometimes presented as a grain size versus cumulative probability (see Fig II-1-2 CEM) or in terms of distribution coefficients in terms of  . For example, the standard deviation expressed in  units is, 

 = (84 - 16)/4 +(95 - 5)/6                          (CEM revision)
7.3

 

(SPM 1984)

where 84, 16 etc refer to the cumulative % coarser in  units. Note: geotechnical reports often use cumulative % finer than.
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Figure ll-1-2.  Example of sediment distribution using log-normal paper




Figure 7-4 Example of grain size distribution for beach sand

Fall velocity is another useful description of sediment. The fall velocity depends on the grain size, density, and shape as well fluid properties such as viscosity and density. Figure III-1-6 CEM shows the settling velocity of quartz spheres. (See attached Figure4-31 from SPM) The settling velocity is related density and drag coefficient by,

 ½  CD (De 2 Vs 2 =    De 3 (s  - )/6




7.4 

where CD = drag coefficient = fcn(Re ) and De = equivalent spherical diameter. Note: Plate-like particles can have much lower settling rates and higher drag coefficients than spheres; they are less resistant to entrainment.    
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Figure 7.5 Fall Velocity Chart

Porosity is the ratio of pore volume to total volume. Sands have porosities i the range 0.25 to 0.5 with a typical value of 0.4. Cohesive sediments have a much greater range of porosities from less than 0.2 to more than 0.8. 

Entrainment Velocity is the bed velocity at which sand transport is initiated. The critical entrainment velocity is related to the sediment type, grain size, density, shape, water temperature and porosity. For sands the entrainment velocity varies in a similar way to the settling or fall velocity. For cohesive sediment the major factor is the porosity, i.e. the entrainment velocity decreases with increasing porosity.
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Figure 7.6 Velocity to initiate movement of sand grains.
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Table Ill-1-2
Sediment Particle Sizes
ASTM (Unified) Classification’ U.S. Std. Sieve? Size in mm Phi Size Wentworth Classification®
Boulder ' 4096. -12.0
12in.300mm) oo 00 Souder
Cobble 128. 70 Large Cobble
107.64 -6.75 Smail Cobble
90.51 6.5
3in. (75 mm) 76.11 -8.25
64.00 6.0 Very Large Pebble
53.82 -6.76
4526 -5.5
Coarse Gravel 38.05 -5.25 Large Pebble
32.00 -5.0
26.91 -4.75
2263 45 Medium Pebble
3/4in. (19 mm) 19.03 4.25
16.00 -4.0
13.45 375 Small Pebble
11.31 -35
o 9.51 -3.26
Fine Gravel 25 8.00 .30 Granule
3 6.73 -2.75
35 5.66 -2.5
4 (4.75 mm) s+ 476 -2.25 Very Coarse Sand
5 4.00 -2.0
Coarse Sand 6 3.36 -1.758
7 2.83 -1.5 Coarse Sand
8 238 -1.25
10 (2.0 mm) 4 200 -1.0
12 1.68 D75 Medium Sand
14 141 0.5
16 1.1¢ -0.25
18 1.00 0.0 Fine Sand
MedilimSand 20 0.84 0.25
25 0.7 0.5
30 0.59 0.75 Very Fine Sand
35 0.50 1.0
40 (0.425 mm) 0.420 1.25
45 0.354 1.5 Coarse Siit
50 0.297 1.75
2 o 20 Hemms
Fine Sand 80 0.177 25  fineSit
100 0.149 275  Yery Fine Sit
120 0.125 30  CoarseClay
140 0.105 325 Medium Clay
170 0.088 35 Fine Clay
- ' - 200 (0.075 mm) 0.074 3.75
Fine-grained Soil: 230 0.0625 40
Clay if Pl > 4 and plotof Plvs. LLis g;g ggiig 225
on or above "A” line and the presence 400 0.0372 475
of organic matter does not influence 0.0312 5.0
LL. 0.0156 6.0
Siltif Pt < 4 and plot of Plvs. LL is 838;3 ;8
below “A” line and the presence of 0.00195 9.0
organic matter does not influence LL. 0.00098 10.0
(P1 = plasticity limit; LL = liquid limit) gggggi };g
0.00012 13.0
0.000061 14.0

' ASTM Standard D 2487-92. This is the ASTM version of the Unified Soil Classification System. Both systems are similar (from

ASTM (1994)).

2 Note that British Standard, French, and German DIN mesh sizes and classifications are different.

3 Wentworth sizes (in inches) cited in Krumbein and Sloss (1963).
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Coastal Sediment Properties




Sediment Budget in the Littoral Zone
Figure 4-49 SPM (Fig 7.7) shows a schematic of the processes that contribute to the sediment budget in the littoral zone. Although it may not be possible to completely quantify all of the fluxes, it is important to recognize the role of each component in any coastal restoration project. 
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Figure 7.7 Sediment Budget for a littoral cell (SPM) 

Table 1-1 (SPM) classifies the various processes as natural or man-induced.  Table 4-14 (SPM) provides some rough guidelines of the magnitudes for several of the sinks and sources. 
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Figure 7.8 Nature and Man-made Causes of Coastal Erosion.
[image: image13.jpg]Table 4-14, Sand Budget of the Littoral Zone

Sources

Rivers and streams

liff, dune and backshore erosion

Transport from offshore

Wind transport

CaCO3 production

The major source in the limited areas where rivers carry sand to the littoral
zone. In affected areas notable floods may contribute several times Qg.

Generally the major source where rivers are absent. 1 to 4 cu.yd./yr./ft.
Quantity uncertain,
Not generally important as a source.

Significant in tropical climate. The value of 0.25 cu.yd./yr./ft. seems
reasonable upper limit on temperate beach.

Beach replenishment Varies from 0 to greater than Qq.
Sinks
Inlets and lagoons May remove from 5 to 25 percent of Qg per inlet. Depends on number of
inlets, inlet size, tidal flow characteristics, and inlet age.
Overwash Less than 1 cu.yd./yr./ft. at most, and limited to low barrier islands.

Beach storage

Offshore slopes

Submarine canyons

Temporary, but possibly large, depending on beach condition when budget
is made. (See Table 4-5, pages 4-72, 4-73.)

Uncertain quantity. May receive much fine material, some coarse material.

Where present, may intercept up to 80 percent of Q-

Deflation Usually less than 2 cu.yd.fyr./ft. of beach front, but may range up to 10
cu.yd./yr./ft.

CaCO3 loss Not known to be important.

Mining and dredging May equal or exceed Qg in some localities.

Convective Processes

Longshore transport (waves)

Tidal Currents

Winds

May result in accretion of Q, erosion of Qp, or no change depending on
conditions of equilibrium.

May be important at mouth of inlet and vicinity, and on irregular coasts
with high tidal range.

Longshore winds are probably not important, except in limited regions.





Figure 7.9 Quantification of Processes
Longshore Transport Prediction
Longshore transport may be expressed in terms of submersed weight per unit time (I ls) or bulk volume per unit time (Q ls). The conversion is 

I ls  =  Q ls (s  - )(1 - porosity)




7.5

Where the sand porosity ~ 0.4.

A traditional method of estimating the longshore transport is to assume that it is proportional to the longshore component of the wave energy flux or power (P ls ) which is taken at the surf zone. 

Referring to Figure 7.10 below, we can state that the wave energy flux per unit length of the wave crest is
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Figure 7.10 Longshore energy flux per unit length of shoreline

Based on the projected beach length (1 x cos  b) and the longshore component we get
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7.7  

     = {  g Hb 2/8} {g db }(  cos  b sin  b
     = {  g Hb 2/8} {g Hb /b}   (  cos  b sin  b


where b = {Hb/db }~ 0.78 for flat beach.

This leads to

P ls = {  g Hb 5/2/16}{g /b}   (  sin  b


It is assumed (SPM Fig. 7.11) that the longshore weight flux (I ls )is proportional to the            

 longshore energy  flux (P ls):
    I ls = K P ls = K{  g Hb 5/2/16}{g /b}   (  sin  b   



7.8

and the volume flux is   

Q ls = K P ls /{(s  - )(1 - porosity)}

= K{  g Hb 5/2/16}{g /b}   (  sin   / [(s  - )(1 - porosity)]

7.9

where K is a field determined Coefficient. (See Figure II-2-4 CEM)

The SPM Chart 4-39 is useful for easy rough estimation of the longshore transport.
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Figure 7-11:  Weight Flux (I ls ) proportional to the longshore energy  flux (P ls):

For other examples of formulae and procedures for estimating K see the CEM. Figure 7.12 (SPM) show the volume flux and Figure 7.13 can be used to obtain an estimate of Qls in terms of deep water data. In this approximation, the Corps of Engineers gives
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Figure 7.12  Qls versus Pls
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Figure 7.13 Qls prediction from deep water wave data
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•

Littoral cell

- A reach of the coast that is isolated sedimentologically from 

adjacent coastal reaches and that features its own sources and sinks. 

Isolation is typically caused by protruding headlands, submarine canyons, 

inlets, and some river mouths that prevent littoral sediment from one cell 

from passing into the next.

•

Littoral zone

- In beach terminology, an indefinite zone extending seaward 

from the shoreline to just beyond the breaker zone.

•

Longshore bar

- A sand bar that extends roughly parallel to the shoreline.

•

Longshore direction

- Parallel to and near the shoreline, alongshore.

•

Longshore sand bars

- A sand ridge or ridges, running roughly parallel to 

the shoreline and extending along the shore outside the trough, that may be 

exposed at low tide or may occur below the water level in the offshore.

•

Longshore transport

- A wave- and/or tide-generated movement of 

shallow-water coastal sediments parallel to the shoreline.

•

Low energy environments

- Coastlines where wave and tidal forces are 

typically relatively small due to the climate, the location of the site and / or 

due to nearshore submerged features that function to reduce incoming 

wave energy. 


Assignment 7-1          
Name                                                                                    Due Thursday after Spring Break
Compute the longshore transport for a deep water equivalent, Ho’ = 3 ft at an angle (o) of 40 degree. The duration of the storm with this wave height is 8 hour.

Qls  = ______________________________ units ___________

Total longshore transport for the storm: ______________________ units ___________
Calculations
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