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The sea was wet as wet could be, 
   The sands were dry as dry.
The Walrus and the Carpenter 
   Were walking close at hand:
They wept like anything to see 
   Such quantities of sand:
“If this were only cleared away," 
   They said, “it would be grand!”
“If seven maids with seven mops 
   Swept it for half a year,
Do you suppose," the Walrus said, 
   “That they could get it clear?”
“I doubt it," said the Carpenter,
   And shed a bitter tear.
Lewis Carrol



	
	

	
	

	
	

	
	

	
	










Sediments

Sediments are loose rock, and their size and composition vary a low; as a consequence, their density  varies as well, even though it is generally not far from about 2000 kg/m3 
It is important to understand that there is a strict connection between the size (e.g. diameter) of a sediment and its settling velocity W, or Ws). The following figure provides an example, which can be used for the examples and the exercise of this course.

[image: ]

Settling  (= velocity)  for quartz sand. (Dynamics of marine sands” – R. Soulsby, Hr Wallingford-Thomas Telford Publications)


Sediment transport- and therefore the sea bed variation- can be described by considering two main components: bed load transport and suspension transport

[image: ]
Θcr=τcr/( ϱ(s-1)g)   D*= d/ν2

The threshold bed shear stress is the minimum value of the bed shearing stress needed to start the sediment  motions. Its value is important to evaluate the  sea bed transport rate
Qb0   =  Tau*u     (bedload)
Qbs=Tau*u^2/Ws   (suspended)
Qbo=radq((g*(s-1)d^3))* 12*teta^1.5      (Wilson)
Qbo=radq((g*(s-1)d^3))* 12*teta^0.5   * (teta-tetacr)   (Nielsen)
(Soulsby Dynamics of marine sands, Telford 1997) Pag  160 and 180:
Coastal Processes- The Tools  Course Notes of “Coastal Management “, E. Pugliese Carratelli F.Dentale		[Digitare qui]
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CROSS SHORE SEDIMENT TRANSPORT

Form 
USACE: CETN-II-2   http://chl.erdc.usace.army.mil/cem 
USACE EM 1110-2-1100 (Part III) 1 Aug 08 (Change 2) Cross-Shore Sediment Transport Processes III-3-21
 
The following figure ( from Vellinga 1983),  that during an erosion process, the evolving profile advances in time  into deeper and deeper water. It is also evident from this figure that the rate of profile evolution is decreasing consistent with an approach to equilibrium. 
[image: ]

One very important aspect of cross-shore processes    are the limits of   sediment transport, i.e. the most seaward and landward positions where the beach is affected by beach   profile changes.  
Things are different according to the time scale considered. During short-term erosional events (a sea storm), elevated water levels and high waves are usually present and the seaward limit of interest is that to which significant quantities of sand-sized sediments are transported and deposited. The readjustment occurs most rapidly in the shallow portions of the profile and, during erosion, transport and deposition from these areas cause the seaward leading edge of the deposition to advance into deeper water. 
For predicting cross-shore profile change during short term events such as sea storms, the depth of limiting motion can be estimated as  0.75 Hs in which Hs is the deepwater significant wave height,  in practice,  that the limit of effective transport for short-term (storm) events is commonly taken as the breaking depth hb based on the significant wave height.   For long term effects, the so called “closure depth” concept wil be introduced in the following

The onshore limit of profile response is also of interest as it represents the maximum elevation and
landward limit of sediment transport. During normal erosion/accretion cycles, the upper limit of significant
beach profile change coincides with the wave runup limit. Under constructive conditions, as the beach face
builds seaward, this upper limit of sediment deposition is usually well-defined in the form of the 
 beach berm. During erosion conditions, the berm may retreat more or less uniformly.  


Equilibrium beach profiles.

Various models and formulae have been proposed to represent  equilibrium beach profiles (EBP).  
[image: ]

 
Dean (1977) found that the EBP could be represented by the following simple algebraic form


[image: ]
in which A, representing a sediment scale parameter, depends on the sediment size D, i.e. on its settling velocity W. 
Moore (1982) and Dean (1987b) have provided empirical correlations    as shown in Figure III-3-17. 
 The equilibrium profile parameter A may also be correlated to sediment fall velocity.
[image: ]

. Kriebel, Kraus, and Larson (1991) developed a similar correlation over a range of typical sand grain
sizes from D = 0.1 mm to D = 0.4 mm and found the following relationship

[image: ]


There are two inherent limitations of Equation 3-14. First, the slope of the beach profile at the
water line (y=0) is infinite. Second, the beach profile form is monotonic; i.e., it cannot represent bars.  
 
Closure depth

The seaward limit of effective profile fluctuation over long-term (seasonal or multi-year) time scales
is an important  engineering concept and is referred to as the “closure depth,” denoted by hc.


[image: ]

 
hc can be estimated by:
 [image: ]
 Or by :
Hc= He/0.8 

in which He is the effective significant wave height   i.e., the value of Hs exceeded only 12 hr per year; i.e., 0.14 percent of the time. This can be easily calculated by the Hs historical records

He can also be estimated from the following

[image: ](No need to remember)
i.e. from the annual mean of significant wave height Hs and is  standard deviation σH 

Try and compare the resulting hc with the various definitions 

Some more information on:
(EM 1110-2-1100 (Part III)  Cross-Shore Sediment Transport Processes III-3-21
and
http://www.coastalwiki.org/coastalwiki/Closure_depth

Cross shore erosion and accretion (long term)

BACKGROUND: The term "erosion" usually describes subaerial (i.e.: beach above the sea level) erosion, i.e.,removal of material from the visible beach, often to produce a gentle slope in the surf zone and one or more large longshore bars in the offshore
 Although erosion and accretion commonly refer to the response of the subaerial beach, material may not be lost or gained in the total system, but only displaced and rearranged. 
Complex modelling techniques are nowadays available to compute erosion and accretion; however, while  erosion mechanism are well understood, the available techniques still fail to simulate beach accretion in a reliable way.
Some indication is available for long term terms of these processes; the following variables  determine in great part whether a beach will erode or extend:
wave steepness: Ho/Lo  
wave height: Ho
median grain size: d50 (or, equivalently, sand fall velocity  w)
Significant wave height H and wavelength L are evaluated in deep water, as denoted by the subscrit "0” The deepwater wavelength is given by linear wave theory as Lo = g/(2Π) To2, Thus, wave period is also a factor controlling beach erosion and accretion.

PREDICTION METHODS: Three criteria are presented for estimating whether a beach
of known median grain size will erode or accrete due to cross-shore transport
produced by incident waves of specified characteristics. These criteria were
developed based on two sets of laboratory data (labeled CE and CRIEPI in
figures given below) involving wave and beach dimensions of prototype scale and
monochromatic waves (Larson and Kraus 1988). In the evaluation of a representative wave height and period in applications, significant wave height and peak spectral period (easily related to medium period) should be used
-_
Criterion 1: This criterion uses the deepwater wave steepness and dimensionless
fall velocity, defined as H,/wT, and is expressed as
[image: ]

Criterion 2: This criterion is expressed in terms of the deepwater wave
steepness and the ratio of deepwater wave height and median grain size, as
shown by the diagonal line in Fig. 2, and is given by
[image: ]Eq. 3 is easy to apply since it is expressed in terms of readily available
variables; however, it is strictly limited to quartz sand and water
temperatures well above freezing.

 

Criterion 3: This criterion is expressed in terms of deepwater wave steepness
and Dean's (1973) parameter πw/gT, which is formed with the grain fall
velocity and wave period. The criterion is expressed by
[image: ] 


The three criteria defined by Equations 2, 3, and 4 for predicting whether a beach will tend to erode or accrete were developed from the same data base. Therefore, empirically the criteria are equivalent. 

Only criterion (eq 2) above is to be used in the exercises.
Please note that while energy can be divided into “accrection” and erosion, the actual amount is not simply related with such energies. There is no simple way of predicting whether a profile  will increase or retreat form cross shore actiosn

 
LOMGSHORE PROCESSES

Longshore current and  drift

We assume that bathymetric lines (including shoreline) are straight and parallel; x and  y are respectively normal (oriented towards it( and parallel the coast, and a wave system propagates  with angle gamma  wrt  x. 
A longshore current  is thus generated along y due to the balance between the variation of the radiation stresses along x  and the bed shear stress 

 The gradient of  radiation stress Sxy gives raise to a force Fy along y; assuming a control volume with a rectangular base a unit length along y an depth d, thus:

 
In stationary conditions Fy is balanced the by the bed shear tress τy Δx.  The velocity is directed towards  y, and induces a bed shear stress τy   given by [footnoteRef:1]: [1:  See for instance  Fluidodinamica ambientale “Eq Globale e applicazioni)”] 




Since          
Follows 




To the limit for  


= 
Since, as stated above


 

Vy(x)  can be easily numerically computed (see exercises)

[image: ]
[image: ]


This very simple model – which can be assumed valid only on the lee side of the breaking line – provides a tool to evaluate the longshore transport distribution along the y direction i.e. through the perpendicular to the cost; this can be done by fitting the velocity Vx(y) to some of the available formulas   






Longshore-drift (sediment transport))

In principle, longshore sediment transport could be studied by considering the solution of the longshore current reported above, and by introducing the relevant formula for suspension and/or sea bed transport. 
However , the best way to analyse this phenomenon is to consider it as the result of two distinct processes: the breaking of the waves, which brings the sediment into suspension e and the transport which is due to the longshore current.
As a consequence, it can be expected that the driving process should be the  energy entering the shallow water  zone along the shoreline;  we already considered the momentum flux  when we examined the radiation stresses, so it can be expected that the energy flux should be quite similar, except that – also for dimensional reasons-  it should be multiplied by the wave group velocity Cg. Since the latter is in shallow water proportional to the square root of the depth, we end up with  formulas for Ql – longshore flux of sediment- which look like the following:

Ql = Kcal   Hsb^(5/2) * sen(2 αb)   

And indeed, most formulas look like that one, which is known as "CERC" formulas.
Please note that  Kcal is a calibration coefficient, which has to be determined on the basis of the available data (an example will be given as an exercise )

The following discussion provides a few examples of CERC-like formulas, which often take into account physical paramteres such as the sand grain size D50, the porosity p, the ratio between the gravity of the sediment and the gravity of water  s=  ρs /  ρw etc  
The formulas need not be learned by heart, but their structure must be fully understood and remembered: dependence on H2.5  and   dependence on twice the breaking angle , 



..[image: CERCdSoulsby.jpg]





[image: ]


 More information on   “Dynamics of marine sands” – R. Soulsby, Hr Wallingford-Thomas Telford Publications”,  which also reports a very  useful formula, page 195 



One line models


[image: figura 8]


  Qlin is the longshore sediment drift flux entering the control volume, Qlout the output flux, so the net increase or decrease   of the sediment volume  ΔV within  time interval Δt is provided by 




Δξ is the  offshore - inshore change of the shoreline during the interval Δt, 


  d  is  maximum depth  of the cross section where the wave action is felt and therefore the sediment transport is present and relevant.   It can be thought of as the    closure depth   hc ; i.e the outer seaward limit of sediment transport due to  beach profile changes – a value defined  by the average climate (see above)
Or else we can assume   d=hb i.e.the breaking depth for each particular sea state

Also, it reasonable to assume that also part of the subaerial beach should be involved in the process; so we have  
d= hc + hberm ,   hberm being the berm height

The area of the cross section change is given by Δσ :    [footnoteRef:2] [2:  Under different assumption and conditions, it is sometimes  Δσ :  0.5  The definition and the formulas vary a lot , and so do the results. But this is not unusual in this field,since the uncertainties are such that an error of a  factor   2 o 3 is already a good result] 

By combining the equations above[footnoteRef:3]:  [3:    The  standard differential equation, by assuming  DQ = (Qlout - Qlin) and going to is ] 


	 
 Qin an Qout have to be computed with one of the CERC-like formulas discussed elsewhere.  The equation can be numerically integrated, and it becomes the core of the widely diffused “one line model” .
Additional sinks and sources can be adddes, such as rivers sediment input, or sesdiment traps suach as groins, breakwaters, piers headland etc.
 In the following, an example.
 



Carla Faraci, University of Catania,  for Trapani Provincial Authority 

 







[bookmark: _GoBack]

Beach Nourishment.

Profile is assumed to adjusts to the standard Dean’ equilibrium profile: which gives different situation according to if the add material is coarser, similar or finer than the native sand. 
Determinethe amount  of  added fill material  under different hypotheses
 [image: Risultati immagini per BEACH NOURISHMENT DEAN PROFILES]
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Figure 27.  Settling velocity of quartz grains of sieve diameter d at low concentration in still
water
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Methods to calculate Qg are given below.

The CERC formula is the most widely used method to
calculate the total sediment transport Q¢ integrated across the
width of the surf zone. The formula, originally given in Shore
Protection Manual (CERC, 1984) in US units, can be converted
to a dimensionally consistent form (e.g. Fredsee and Deigaard,
1992). A variety of versions have been used by practitioners,
differing chiefly in their treatment of the wave group velocity c,
and the wave breaking criterion. Taking these as ¢, = (gh) 12 and
Hyy = 0-8h in the surf zone, together with H, = \/2H,,, leads to
the simple formula:

0-023g"2H./? sin(2a)
LS (S = 1)

where
Qs = sediment transport rate (m® s™') integrated across the
surf zone, in volume of sediment (excluding pore
space) per unit time
g = acceleration due to gravity
Hyg, = significant wave height at breaker line
ap, = angle between wave crests and shoreline at breaker
line
s = relative density of sediment.

SC (138)

Equation (138) is the simplest form of the CERC equation,
obtained by applying shallow-water linear wave theory to the full
expression. It appears to indicate that the transport rate Qs is
independent of grain size and beach slope. Modifications to
Equation (138) have been proposed by various researchers (e.g.
Kamphuis, 1991; Ozasa and Brampton, 1980) to take account of:

e grain size of sediment (coefficient 0-023 becomes a decreasing
function of grain size)

e beach slope (coefficient increases with beach slope)

e higher-order wave theories

e the along-shore variation in wave height (drives sediment from
area of hich wavee to area of law wavec)




image27.emf

image28.jpeg




image29.wmf
t

)

Q

(Q

ΔV

lout

lin

D

-

=


oleObject10.bin

image30.wmf
y

D

×

×

=

x

Δ

d

 

ΔV


oleObject11.bin

image31.wmf
x

Δ

d

×


oleObject12.bin

image33.wmf
y

d

Δt

)

Q

(Q

Δξ

lout

lin

D

-

=


oleObject15.bin

image34.wmf

oleObject16.bin

image35.gif
arrooxe m

) Submerged Proe A<,

FIGURE .3 Thre geeric yps ofsoaishd pofile (rom Desn, 199




oleObject13.bin

image32.wmf
dy

dQ

d

1

dt

d

ξ

l

-

=


oleObject14.bin

