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ABSTRACT 

This study describes the formation and reduction processes of river deltas and their 

control. Based on the similarity process between the flow motion within the boundary layer 

and the nearshore currents within the surf zone, the concept of the boundary layer theory is 

introduced. The theory is authorized by two essential assumptions; they are the velocity 

profiles of longshore currents are similar and wave set-up is independent of longshore 

direction. Employing these assumptions, the nearshore current equations can be simplified to 

arrive a single equation for non-uniform longshore currents. This equation is similar to the 

boundary layer equation and contains integration coefficients which depend only on the 

velocity profiles oflongshore currents. Therefore, an experimental study on the similarity of 

velocity profiles in non-uniform longshore currents was carried out. The experimental results 

reveal that the coefficients which appeared in the equation of non-uniform longshore currents 

are not functions oflongshore direction nor time. 

An extension is made to Tsuchiya and Yasuda's formulation of longshore sediment 

transport rate to include the non-uniform terms. The new formulation of non-uniform 

longshore sediment transport includes the effects of sediment size, beach slope and bed, 

roughness, and has been verified with the field and laboratory data plotted in the well known 

Komar's figure. 

The physical description of river delta formation is investigated through studying two 

field cases: the Nile Delta coast, Egypt and the major river deltas in Lake Biwa, Japan. The 

formation process of river deltas is investigated analytically and experimentally. The effect of 

longshore variation of beach slope on the configuration of river delta is studied. The 

theoretical and experimental results reveal that; for river-dominated delta type, beach slope is 

remarkably varied along the river delta with steeper beach slope at the river mouth and milder 

one at the end sides of the river delta. Thus, the configuration of river delta is sharply 

formed. In the contrary, for wave-dominated delta type, the longshore variation of beach 
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slope is very small resulting in gently curved shape of river delta. With normal wave 

incident, symmetricai configuration of river delta is arrived. When waves approach the beach 

obliquely asymmetrical configuration of river delta is observed. 

The reduction process of river delta due to decrease or lack of sediment input form the 

river is experimentally investigated. The experimental results reveal that the reduction process 

is significantly different from the formation process. For the reduction process, the shoreline 

of the river delta is rapidly eroded, while the front line of the river delta retreats shoreward at 

a very slow rate. For the formation process, both the shoreline and the front Hne of the river 

delta propagate at the same rate, they are almost 

A theory of formation of stable beaches is rlP,-n''''rl based on the new formulation of 
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Chapter 1 INTRODUCTION 

1.1 Objectives of The Study 

The River delta areas have been recognized as a natural resource for the activities of 

human beings, particularly in those countries, especially in Egypt, which greatly depends on 

the Nile River for cultural as well as economic activities. The coasts of river delta have been 

developed to support agriculture, industry, residential areas, and recreational usage. In recent 

years utilization of coastal areas have steadily increased. Development of the coastal areas and 

river basins has frequently resulted in severe beach erosion, for example the construction of 

river dams which intercept the flow of sediment from the river to the coast resulting in 

serious beach erosion. 

The history of man's intervention in the flow of the Nile River is very long, it dates 

back to Pharaonic times when Senusret built a canal from the ancient Pelusiac branch of the 

Nile to the Red Sea (circa 1900 B.C.). Since the completion of the High Aswan Dam in 

1964, which has trapped all of the sediment load, a severe beach erosion takes place 

especially at the river mouths. For example at Rosetta promontory the erosion rates for the 

periods proceeding the surveys in 1926, 1965, 1973 and 1982 were 18, 20, 125 and 211 

m1yr, respectively. The "new" Rosetta Lighthouse which was 1 km inland in 1970, became 

an offshore island in 1976. Therefore, the study of the formation and reduction processes of 

river deltas is one of the important aspects not only for Egypt but also for all countries of the 

world. The methods of preventing beach erosion and reclaiming land from the sea around 

river delta areas and adjacent coasts are the principal goals of this study. 



In Japan, coastal projects have developed aU over the country in ordtr to protect human 

life from disasters caused by storm surge and tsunami (tidal waves). These projects also aim 

to stabilize the shoreline and preserve coastal environment. In addition to these purposes, it 

has recently become important to reclaim the land for increasing recreational areas. 

The interactions between waves, currents, and bottom sediments are extremely 

complex. The incoming waves are transformed as they propagate into shallow water where 

they, at some critical depth, place the sediment in motion. This sediment is transported by 

coastal currents which are generated by the waves or other meteorological phenomena 

resulting in significant bathymetric changes. The objectives of the present study can be 

summarized as: 

(1) A new formulation of 

made theoretically based on 

nearshore current equations in 

currents as a function of time and space. 

of non-uniform longshore sediment transport is 

"".,.,,,,,,,, ... f of the boundary layer theory to the 

eQl.latllon for non-uniform longshore 

(2) A geographical and topIOSl,r;aPhlcal investigation of coastal areas around the river 

mouths and adjacent coasts is made for field cases: the Nile Delta coa.<;t, Egypt, and the 

major river deltas in Lake 

(3) The total sediment from the river is estimated using data records from 

sediment input analysis or by estimating from the shape of the river delta. 

(4) The formation process of river deltas is investigated analytically and experimentally 

by applying the one-line theory and the formulation of non-uniform longshore sediment 

transport rate. The effect of beach slope change along the delta on the formation process of 

river delta is also presented. An experimental study is carried out to specify the main 

parameters in the formation process. The reduction process of river deltas due to decrease or 

lack of sediment input from the river is also experimentally investigated. 

(5) An analytical solution for predicting the shoreline configuration of stable beaches is 

derived by the formulation of non-uniform longshore sediment transport associated with the 

2 



aid of one-line theory. Applicability of this theoretical formation is examined by use of field 

data of stable beaches. 

(6) And the methods of controlling or preventing the coastal areas from beach erosion 

are investigated by introducing the previous and new methods for beach erosion control. A 

new proposal is made for beach erosion control of river delta based on Tsuchiya's ideal 

methodology for beach erosion control and the concept of formation of stable beaches. Two 

ideal examples are presented for controlling beach erosion of symmetrical and asymmetrical 

river delta configurations. 

1.2 River Deltas in the World 

Delta result from the relative importance of deposition of river sediments which build 

the delta seaward, versus the action of waves and currents which transport the sediments and 

erode the delta. Historically, the term delta was first applied by the Greek historian 

Herodotus, circa 450 B.C., to the triangular alluvial deposit at mouth of the Nile River. 

Deltas may occur wherever a stream debauches into an ocean, gulf, inland sea, bay, or lake. 

Consequently, deltas of various sizes can be found throughout the world. Table 1.1 gives the 

locations of some of the world's largest modem deltas (Wright, 1985). In addition to these 

major deltas, literally thousands of minor deltas are distributed over all the world's coasts. 

For existence of a delta there are certain requirements, the first prerequisite for a 

deltaic accumulation is the existence of large drainage basin in which sediments 

are supplied by failure and erosion of the basin due to a heavy rainfall. The sediment-water 

discharge from the drainage basin is then transported to the coast by way of the alluvial valley 

that confines the stream. The general configuration of delta is then dependent of the relative 

importance of the deposited river sediment and the transported one by the action of waves 

and currents. 

Previous researches have shown that configuration of delta is a function of numerous 
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Table Some deltas and their .lv'-"u .. ""....,. 

Coordinates 
of 

River Land mass water 

7"'E 
lOrE 
90"W 

7"'E 
32°N 31°E 

Ord Australia 16°S 1200E 
Orinoco America Atlantic Ocean 8°N 62°W 

South Ocean 58°W 
Pearl Asia South China Sea 2rN 113"E 
Pechora Barents Sca . 68°N 54°E 

r.' 

44°N 12°E Po Adriatic Sea 
Purari Gulf of 80 S 44°E 
Red Asia Gulf of Tonkin 2I o N 107"'E 
Sagavanirktok North America Beaufort Sea 70 0 N 148°W 
Sao Francisco South America Atlantic Occan 11 oS 37"'W 
Scnegal Africa Atlantic Ocean 17"'N 16°W 
Shatt-ai-Arab Asia Persian Gulf 300 N 49°E 
Shoalhavcn Australia Pacific Ocean 35°S 15 IOE 
Tana Africa Indian Ocean 2°S 42°E 
Volga Europc Caspian Sea 47"'N 48°E 
Yangtz.e Asia East China Sca 32°N 122°E 
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process variables. Attempts to incorporate some or all of the process of variables into models 

for discriminating delta types have resulted in at least three classification themes. Fisher, 

Scott and McGowen (1969) proposed high constructive and high destructive delta 

types based on relative intensity of river ri1c'f"M'<>rnrp. and waves action. Colemen and Wright 

(1971) and Wright, Coleman and Ericson (1 a board range of iJUl.UH ....... ~."', 

n"""""ltai,,,,,,; the process ........... U'H ... then used statistical techniques to array deltas into discrete 

v .... ~." .. J"'. More a classification scheme based on the earlier 

wherein deltas were work 

field of wave, and tide dominance. The most s]~;m[1c;an{ 

o13lgr.amtodefine~~'A~"'~. 

of these studies is the 

adl::lreSSlna of the role 

Examination of a few 

number ofvariations 

processes in and pn::dl(~talble answer. 

modem world river deltas indicates that U.AU .• V'"'~H 

there are !S"'lA"""<.4U" .. 'Vu trends and most can be ''VI',''''-U'V 

.... <'qJA""',.u"" ..... Coleman and Roberts ( 1. the river (m 3/sec) 

for several modem world deltas. this the Amazon river has a largest river discharge 

with about while the Sao Francisco river has a smallest river of 

about 130 This variation does not indicate whether the Amazon delta is belong 

to a river-dominated type or not. For example, although the magnitude of Mississippi river 

dlsch;ar~:e is relatively smaller than the of Amazon river discharge, the Ml.ssissippi 

delta will be the most river-dominated type while the Amazon delta will be classified as a 

tidal-dominated type. 

A evaluation of wave power ergs/sec/m of coast) of seventeen river 

deltas is shown in .2. The wave power shown wide variation, 

the Senegal delta experiences nearly 1 times more wave energy than the Mississippi 

delta. In other words, the Senegal delta receives more wave power its coast in a little 

over two hours than the Mississippi delta dose all year. Such wave energy tends to smooth 

out the configurntion of delta coastal line. 

Tidal processor control the spatial relationships and geometries of configuration of 
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delta. There are three important characteristics of tidally dominated rivers can be identified as: 

1) water-mass mixing by tidal activity destroys vertical density distribution, 2) for part of 

year tides account for the highest percentage of the sediment- transport energy and flow both 

in shoreward and seaward of the river mouth, and 3) the zone ofwave'-river interactions is 

greatly extended both vertically and horizontally (Wright, 1985). These characteristic effects 

result in widely different geometries for the delta development at the river mouth. Tidal 

processes are difficult to but Coleman and Roberts ( show in Figure 1.3 the 

average tidal range ( in m ) for 27 river deltas. The of a low tide river delta such 

as the Nile or the issi[ssioDi would be altered a short of time if it was 

",,,I',,,,,,,...,t""£1 to 6 m as in the case of the Ord river delta of West em Australia. 

The relaUon:shlP between dis,ch;ar~;e and delta area of world rivers is 

as 

because 

Brazil is rpl;::,t-i'u""lu small the malnllttucle 

rhc'rh~r('rp. increases delta area 1nc:re;:lSe:s. 

river "'~V""'''A''''~, this is 

Sao Francisco river delta of 

rltC',r-h""rrr"" but this delta is characterized 

wave action. In contrast, the delta of Vietnam is 

for the """""1"1',.., .• 1"11..-1"" of its river the delta is rather stable and is .... N ..... T.,.....,'~ .. 'u 

influenced tidal processes, and Roberts 1987). Later in 3, the data 

shown in .1, 1.2 and 1.3 are used to a modified version of a +"' ... 0"' .... '11 omg;ralTI 

(1975). 
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1.3 Outline of Thesis 

This thesis presents an investigation of the formation and reduction processes· of river 

deltas, and methodology of beach erosion control of river deltas. Chapter 2 presents a new 

equation of non-uniform longshore currents based on the concept of boundary layer theory. 

An experimental study on the similarity of velocity profiles in non-uniform longshore 

currents was carried out. The experimental results reveal that the coefficients appeared in the 

new equation of non-uniform longshore currents are not functions of longshore direction nor 

time. Tsuchiya and Yasuda's (1979) formula for estimating of the total rate of longshore 

sediment transport is extended to include the non-uniform terms. This new formulation of 

non-uniform longshore sediment transport rate includes the effects of sediment beach 

slope and bed roughness, and has been verified with the field and laboratory data plotted in 

the well known Komar's figure. 

In Chapter 3, firstly, the physical description of river deltas is presented through 

studying two field cases: the Nile Delta coast, Egypt, and the major river deltas in Lake 

Biwa, Japan. A brief description of the fundamental of the one-line theory will be discussed 

following by an overview of the previous analytical work related to the theory. Several 

analytical solutions for shoreline evolution of river deltas will be derived based on the aid of 

the one-line theory and the new fonnulation ofnon-unifonn longshore sediment transport. In 

addition, an experimental study on the formation process of river deltas was carried out to 

specify the main parameters in the fonnation process. Finally, the analytical solutions of 

shoreline evolution of river deltas are applied to the experimental data and to the river deltas 

in Lake Biwa. 

In Chapter 4 the reduction process of river deltas due to decrease or lack of sediment 

input from the river is experimentally investigated. An analytical solution for predicting the 

shoreline configuration of stable beaches will be derived based on the formulation of 

non-uniform sediment transport associated with the one-line theory. A theory of shoreline 
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configuration of stable sandy beaches is derived and its applicability is examined by using 

data of stable beaches at Amanohashidate beach, Japan. The last portion of the chapter 

presents the methodology of beach erosion control. A new proposal is made for beach 

erosion control of river delta based on Tsuchiya's ideal methodology for beach erosion 

control and the concept of IOrmamo'n of stable beaches. Two ideal examples are presented for 

controlling beach erosion of symmetrical and asymmetrical river delta configurations. 
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2 NON-UNIFORM LONGSHORE 

TRANSPORT 

2.1 Introduction 

In recent years, the coastal region has become an area of intense human activity for 

"''V •. ''' ..... , ..... ''' ... as well as for coastal protection works. The lVAJl5>JJkAVA 

sediment tra:OStlon has a significant influence on changes in the shoreline positions as wen as 

beach the longshore sediment transport rate is of great for 

the coastal engineers. 

In the the prC)pagatlOn of waves is generaIIy not associated with wave mass 

Hf"'IUTP'UPT as the waves travel closer to the shore, outside the surf zone, the wave 

mass increases. Inside the surf zone, wave mass slowly moves 

this is in addition to the to-and-fro motions by the waves. Closer to the 

due to the presence of the beach, the water is redirected into a longshore current. The 

return flow of water offshore takes place in strong, narrow currents known as currents 

which flow seaward from the surf zone. This phenomenon is typically observed in nature. 

Waves, currents and the properties of the bottom material determine the occurrence and 

secl1ment transport in the coastal zones. The shoreline is simply defined as the 

1J01Jn(Jarvbetween sea and land. The .... ""r.nn".t ..... ' of the beaches is determined from the pattern 

and rate of sediment transport as well as the influence of man-made structures and other 

human activities in the nearshore zones. 

The process of longshore sediment transport in coastal zones is extremely complex. 

Breaking and reforming waves, changing in space and time, generate a three-dimensional 

turbulence field acting over an irregular and constantly changing bottom topography. In 
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addition to the complexity just described other parameters of major importance for the 

longshore sediment transport such as grain size, beach slope and bed roughness must be 

considered. A complete theoretical description of all these parameters is for beyond the scope 

of presently available literature. Instead, simplified models must be used. 

The aim of this .rh~.nt,,, ... is to gain more insight into the dynamics oflongshore sediment 

works 

on the COflcelpt 

is derived. 

waves and currents. In the 

lOI1I$2;ShOJre currents and associated 

a new eQllatlOn 

subsections, the overview of the 

sediment is shown. Based 

HVj'l- .... 'HH,V"'H lC)flS2CSnOre currents 

UH'~iI<.J""U e(~UaHOIt1. An eXl)erlm(~nt;al 

HVilr,,'''U,vu,u Ir,no'cnl"\rp "~'.~'H'~ was carried out 

to examine 

based 

labOfaltOlV data 

CERC formula 

Komar's 

2.2 Overview of Previous Work 

2.2. sediment 

nearshore 

of 

Numerous investigations have been attempted to formulate the total rate of longshore 

sediment transport. Inman and Bagnold (1963) empirically correlated the longshore sediment 

transport rate to the longshore component of the incoming wave energy flux. They presented 

the first dimensionally correct expression for this correlation. This expression is now 

commonly known as the CERC (Coastal Engineering Research Center) formula. Bagnold 

(1963) extended his concept of work perfonned by water in moving sediment particles to 

include wave effects. He assumed that the longshore sediment transport depends on the 
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combined effect of waves and currents. Once the sediment is in motion due to waves, it 

becomes available to transport by longshore currents. His approach is known as the energetic 

model approach. In the literature there have been, and still are, many discussions about the 

value of the CERC formula coefficient. 

Gourlay (1982) extended Bagnold's model to include an expression for the longshore 

current velocity resulting from the effects of both breaking angle and a longshore gradient of 

breaking wave height. Similar relations to the longshore current velocity proposed by 

Gourlay (1982) have been proposed by several authors (e.g. Motyka and Willis, 1975; Ozasa 

and Brampton, 1980). This type of expression has recently been recognized as useful for 

application of the one-line theory of beach evolution, especially for beaches with coastal 

structures (Hanson and Kraus, 1986). 

In other approach known as bottom shear stress approach (or mass flux approach), the 

process of the mechanism of sediment transport is studied in more detail than the 

energetic approach. Consequently, this approach requires detailed knowledge of the 

important physical parameters such as bottom shear stress under combined waves and 

current, bottom slope, grain size distribution, the reduction of wave height due to breaking, 

and estimation of the diffusion coefficients both in non-breaking and breaking fields. Bijker 

(1971) assumed that mechanism of sediment movement is governed by the bottom shear 

stress alone. He combined the KaHnske-Frijlink bed load equation with the suspended load 

relation proposed by Einstein (1950) to get the total transport rate. Recently Tsuchiya and 

Yasuda (1979) proposed a new formulation of the total rate oflongshore sediment transport 

based on the mass flux model, in which the longshore sediment transport is proportional to 

the averaged concentration of sediment and the longshore current velocity. This formula will 

be discussed in detail later in this chapter with extended it to include the non-uniformity of 

longshore sediment transport. Also, the formula will be verified using field and laboratory 

data plotted in the well known Komar's figure. 
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2.2.2 Longshore currents 

Since Longuet-Higgins and Stewart (1964) laid down the principles and gave the 

physical behind the concepts of radiation stress for water waves, the theory of 

longshore currents induced by wave breaking obliquely on beaches has progressed 

considerably. (measured the characteristics of breaking waves and the 

resulting currents for 34 combinations of wave (up to 0.22 ft ), period 

1.50 a 20 ft test section of a 30 ft plane. 

&>V'",,"',-'n"\,pnt was smOOI:n concrete with of 0.104. Observations 

the surf zone remains and that 

ow'ns1tre'3.m from obstacle. 

obstacle; 

1967 

model tests 

measure the A"'Ujp<,,-,.AV 

YV Q;IJ<JU ,I a. Harbor 

the (19b5) formula. No ",,,,,,,,nt;;'f,,t.,,,,,,, 

was in order to draw conclusions. The influence of 

the number on bottom friction coefficients was also discussed. 

Bowen (1969) investigated theoretically the generation of longshore currents on a 

beach, using the concept of radiation stress to describe the flux of momentum associated with 

the incoming waves. With reasonable assumptions, the theory leads to a complete description 

of the velocity field as a function of the distance from the shoreline. The model provides a 

mathematical framework for testing the various possible assumption by comparing them with 

reliable experimental data. 
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James (1974) proposed a theory of non-linear longshore currents. The present theory 

uses a combination of third-order hyperbolic waves (an approximation to cnoidal waves) near 

the shore and Stokes waves farther out. This is shown to be suitable assumption for the case 

of spilling breakers on gentle slopes. The momentum and energy fluxes given by this model 

are calculated and the consequences for wave shoaling and set-up are discussed. 

Gourlay (1976) conducted hydraulic experiments for non-uniform longshore currents. 

Experimental data show that the form of the non-uniform wave-generated current system 

resulting from diffraction behind an offshore breakwater is essentially determined by the 

beach breakwater geometry while its magnitude depends upon the wave height. Furthermore, 

the current may produce significant increases in the magnitude of the wave set-up within 

three-dimensional system. 

Liu and Dalrymple (1978) developed the analytical forms of the time-averaged bottom 

shear stress, including the effects of the angle between the direction of wave propagation and 

the mean current, and a large angle of wave incidence is also included in the study. Two 

different friction models are obtained based on the relative magnitudes of wave orbital 

velocity and that of mean currents. These two friction models are applied to longshore 

currents generated by obliquely incident waves. The lateral mixing is ignored and the beach 

contours are assumed to be straight and paralleL The strong current model, used when the 

mean currents are greater than the waves orbital velocity, is compared with laboratory data. A 

good agreement is found. The regions of validity of these two theories are discussed in terms 

of the angle of incident waves, the slope of the beach, and the bottom friction coefficient. 

Kraus and Sasaki (1979) obtained an analytical solution of the steady longshore current 

on a plane beach. The simple form of the solution, which is essentially an extension of the 

Longuet-Higgins (1970), isolates the effects due to a moderately large incident wave angle 

and the lateral mixing parameter. Predictions of the model are verified with new detailed 

laboratory and field measurements. From comparison with observation it appears that mixing 

parameters less than about 0.1 describe most steady longshore currents. Values of both the 
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bottom friction and lateral ...... ..,..-.~ coefficients are determined by fitting the 

data. 

with the 

Visser lab'orcltOIV ,o,·v ..... "' .... ,""'''''''''f''' on uniform IV!lK.:)HVI currents and 

cornpulted of the data with 10n.Rsh.ore 

the mathematical model 

achieved 

reliable data 

and to evaluate the results. 

a mathematical model. For 

IOfUlsnOlre current .Renelratllon occurs between the 

lab'onltolrv data is 

field 

..... ..-","".y.,,p,..,,,,,,·n' later on". and 

process both to this process 

2.3 Formulation of Non-uniform Longshore Currents 

Many investigators have studied uniform longshore currents, but only a few such as 

Eagleson (1965), Horikawa and Sasaki (1968), James (1974) and Gourlay (1976) have 

concentrated on the phenomenon of non-uniform longshore currents. More recently, 
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Tsuchiya, Kawata and Refaat (1989) studied experimentally the velocity profiles of 

non-unifonn currents. verified the existence of the similarity of velocity 

of non-uniform currents in the direction. The phenomenon of 

non-uniform AV"J".,oJ.UV".'" currents can be seen in the nH·' .... 'nr of reefs and headlands, as 

well as coastal structures. The ",r",lln.roa" starts to grow near the initial current movement 

and increases downcoast the to reach a constant shape, which ... ~r.""p<""'nt'" 

the of uniform current. Therefore, we may say that the 

non-uniform lOnlQ:SjIlOI:e currents are resPolt1silble for occurring a rapid erosion or accretion 

around these structures. 

The shoreline is a boundary between sea and land. seaward of the 

shoreline there exist a narrow band of fluid known as the surf zone. The surf zone is 

characteristic of complex fluid motion induced by the rapid dissipation of the incoming wave 

energy. in the field in the open channel flow, there exist 

a thin near the bed, within this the influence of viscosity is confined. 

VV,,,""'lIl ___ to describe the current motion in the surf zone 

the oounc:1ary C01:1Ce:ot. Based on this the concept of boundary 

is introduced to the nearshore 

The "'n~,.,...""nt of boundary layer theory is well known in the fluid motion. The is 

authorized two essential assumptions; they are the similarity in velocity profiles is existed 

and the pressure in a boundary is practically constant. these assumptions, 

Navier-Stokes equations can be simplified (Schlichting, 1960). 

in the nearshore the assumptions of the UV'UH'JUl theory are 

introduced as: the velocity profiles of longshore currents are similar and wave set-up is 

independent of longshore position, see Figure 2.1. By employing these assumptions the 

nearshore currents equations can be simpli fled to arrive a single '"".l'.!UL,'VH for non-uniform 

longshore currents, which is similar to the boundary layer integral equation. 
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The processes of simplification of the basic equations of nearshore current dynamics 

are straightforward as follows; 1) transformation of basic equations into a dimensionless 

form, 2) determination-of order of magnitude of terms of basic equations by using stretching 

scale method, 3) separation of the basic equations into uniform and non-uniform, and 4) 

substitution of the equations of mass conservation and momentum conservation in 

cross-shore direction into the equation of momentum conservation in longshore direction to 

drive a single equation, and finally integration of that equation over the cross-shore direction. 

The resulted partial differential equation will be function of x (in longshore direction) and t 

(time) and contains integration coefficients which depend only on the velocity profiles of 

longshore currents. Since the velocity profiles are similar, the integration coefficients will not 

be functions of x nor t. 

2.3.1 Basic equations of nearshore currents 

In order to investigate the generation of nearshore currents, it is normally assumed that 

the fluid is homogeneous and the velocity field is independent of the water depth, so that only 

two-dimensional (horizontal) motion is allowed. The conservation of mass and momentum 

equations for waves superimposed on currents are derived by integrating the continuity and 

Navier-Stokes equations over the total water depth and then by taking a time average over the 

wave period. The detailed derivation of the equations is given by Phillips (1977) and by Mei 

(1983). The time- and depth-averaged mass and momentum conservation equation for 

unsteady flow in a homogeneous fluid are fonned, respectively, as: 

8h + a(hu) + a(hv) = 0 
at ax ay 

a u a u a u 1 a S xx a S xy a 11 
-+u-+v-=--(-- ---)-g at ax ay ph ax ay x 

1 aT aT 1 
+_( xx +~)--1 

ph x ay ph x 
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OV OV OV 1 0 
= --( 

where 

are 

+u + 
X y ph 

are the oelDm.-a,!er;aQ"(~a 

radiation stress cOlmponenfs; 

lateral stresses; 

and a 10 0 11 loy 

assOciate:d with 

.3.2 Processes of 

+ 

, a 11 
) - g 

y 

1 
--T 

ph Y 
(2.3) 

components; Sxx , Sxy , etc. 

etc. are the COlmp1on.ents of the Reynolds stress 

fH'-lP_~,TPr:;lcrP't1 bottom shear stress 

surface in the x- and 

those 

nC.I:!:ICI:::telcL The 

un.:lerstandltng of the surf zone 

of an 

of basic 

To the basic equations, first we transfonn these equations into a dimensionless 

form, then determine the order of nn':>n-n"t11rl". of the basic equations terms by using stretching 

scale method. Finally, the separation of the basic equations into unifonn and non-uniform 

can be done. The detail of the simplification processes is straightforward. 

iO Dimensionalization of basic equations 

Before drawing the processes of simplification, the dimensionless of the basic 
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equations is first be surf zone is very narrow comparing with global 

view of the ocean, mereI,ore a certain distance, 1, in longshore direction is introducing as the 

representative length to facilitate the dimensionless process, in which the uniformity of 

longshore current velocity is satisfied. The velocity of uniform longshore current is given by 

a modified Longlllet-lillggms formula as: 

b 51C Y 
Vb == 1 g (-) m cos CAb' 

where 
3 2 

m=ah/ay=tanl3/(l+-y)=(l-k)tanl3 
8 

k=(1+8/3/)-1 

(2.4) 

(2.5) 

in y = HlJIbb is the breaker index, tan 13 is beach slope, Cf is the bottom frictional 

coefficient due waves and currents, Cb = {gPbhe breaking wave celerity, g is the acceleration 

with the Uv',UHLAVH, b = sin CAb, to simplify the notation and the subscript b 

denotes the values at the breaker line. Vb is selected as the representative velocity to facilitate 

the dimensionless process. The dimensionless quantities are introduced as: 

x Y h 
h ,. _ t ~ 

x 7 y = 
7 , 7 , t -1 

V~~ u 
and 

v 
(2.6) 11 -- , u , v = 

g1 2 Vb 

Substitution of (2.6) into the basic equations, Eqs. (2.1), (2.2) and (2.3) , yields the 

dimensionless form of the mass and momentum conservation equations, respectively, as: 

,. '" 
ah + a ( u) o(h v ) 

+ ,. 
at ox oy 

.. 
au '"ou "ou 
--,. +u --+v --,.-

oSxx 
-C-.. -

at 0 x oy ox 

o 

- .. .. 4' 

a af! oT aT 
) - -. + C ~ +~ ) - Tx 

oy ox ox oy 

$: $:: - .. $ 

C2.7 ) 

(2.8 ) 

a v" ,. a v" ,. 0 v'" 0 Syy B Syx 011 0 T yy a 
-+u-+v-=-(-----)--+(--+ )-T (2.9) 

• 1$ .,. • * +: ~ * y 
at ax oy oy ox By oy ox 
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where the asterisk represents the dimensionless terms. 

(2) Ordering of magnitude of terms of basic equations 

The phenomenon of longshore currents deals with a narrow zone in cross-shore 

direction and a wide length in longshore direction. Hypothesis used are: 1) u is large in 

comparison with v; and 2) the derivatives with respect to yare large compared to the 

derivatives with respect to x. In order to clearly see the phenomenon of longshore currents, 

the longshore direction must be stretched, while the cross-shore direction remains constant. 

For this purpose, we introduce the str1etchwlg scale method. ""'niIH'~'T1r'n of the stretching 

scale method H"'''T1r\n of a small paI1urleH~r E = thus 

« %y » a/ax (2. 10) 

where is water the breaker 1 ine. the lOr]lgSnOl~e direction will be 

stretched by c;m , where m is a the other dimensionless 4U'~lH!lH_0 in 

(2.5) will be stretched 

functions of x") and. The ctr,,,.trh'ntT "'V~'HH.A,",U are then set as: 

m 
X = E X 

o 

= E U 
2 

y h 
o 

E 
1 

== E V ,and t = E 
304 

E f] 
1 

.etc.) because are 

(2.11) 

where the subscript 0 and the CllT,Jf:rS!:;ru:n * represent, respectively, the stretching and 

dimensionless quantities. The stnetcnW.fl parameters C;b i= 1,4, will be determined as foHows: 

From Eq. (2.10), the local acceleration term, the convective acceleration term, and the 

pressure gradient term, in longshore direction, are in the same order, thus 

'" ... ,. - '" 

o ( au'" ) 
... ou 

O(u-.. ) 
"aU 

O(v - .. ) O( Of] .. ) 

at ax ay ax 
E m m 
-±.. E E (2.12) or 
E E2 E E E 

2 2 2 3 1 

Longuet-Higgins has mentioned that the radiation stress gradient a SXY I a y and the bottom 

shear stress T x are of order one, then 
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o ( 1 ) or 

From Eqs. (2.12) and (2.13) we get: 

( = ( = 1 
1 2 

( 
1 

and 

(112 
_1_ 

( 
2 

(2.13) 

(2.14) 

Substitution of Eqs. (2.11) and (2.14) into Eqs. (2.6), (2.7) and (2.8) , yields the mass and 

momentum conservation equations, respectively, in the form: 

ah a(hu) 
(m ( __ 0 + ° ° at ax 

° ° 

a (h v ) 
+ ° ° oy 

° 
) = 0 (2.15) 

au au au as all aT 
(m( __ o +u __ 0 +v __ 0 +~+ __ 0 )_(2m~ 

at oox oay ax ax ox 
o 0 ° 0 ° 0 

2 m 1 a 0 Vo 0 S xyO 1 a a u 0 
-( -h -(U h -)=--+--(U h -)-t 

a y ° 0 0 x 0 y hoy 0 ° 0 y xo 
00 ° ° 00 0 

(2.16) 

as aT 1 0 au av 
(m( ~+ ~+---(u h __ 0 )-t ) _(2m( __ 0 

a x 0 y h a x 0 0 0 Y YO a t 

° ° ° 0 ° ° 
av ov 1 a av as all 

+u __ o+v __ 0)+(3m ___ (U h __ 0)= ~+ __ O 
OaX Ooy h ox ooax oy ay 

o ° 00 0 ° ° 
(2.17) 

where U is the kinematic turbulent viscosity. It is noted from Eq. (2.15) that the mass 

conservation equation is of order Em, this is because for the uniform condition, the gradient 

of the longshore currents with respect to the longshore direction is nil, i.e. au/ax = 0 and 

therefore, no effect of cross-shore velocity component v on longshore velocity component u. 

In Eqs. (2.16) and (2.17), the model ofVreugdenhiI (1980) was used to express the lateral 

stress components in terms of eddy viscosity coefficient associated with velocity gradients. 

(3) Separation of basic equations into uniform and non-uniform 

It is now convenient to separate the possible equations into two classes, uniform and 

non-uniform equations, depending on the stretching parameter Em. The uniform basic 

equations consist of tenns of order one, while the non-uniform basic equations consist of the 
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uniform terms the terms of order [m. The higher order terms [2m and [3m will be 

subsections the solution for uniform and non-uniform nearshore 

current is discussed. 

2.3.3 Uniform nearshore current 

p[i"rr1ina to (2.16) and (2.17), tenns of order one show, respectively, the 

equation of uniform !OnlgSjhOI~e current and the equation of wave as: 

as 
+ h 

o 

a 
o 

1""'I(Tclhr.,"p. current is \.H ... I,J"-'lAU'-'H 

turbulent energy '-"'"''.-'<1-'''''«1''-''' 

ratio between breaker 

defined as, a breaker index Y= 

Nrcm p= 

)- o (2.18) xo 

19) 

8) 19) been 

and 

The solutions are 

(2. 8) that of the 

the nondimensional parameter P. He assumed that 

wave takes shoreward of the breaker line. The 

and the breaker depth is assumed constant, and is 

Ihb = H/h. The parameter Pis fonned as: 

(2.20) 

where N is a dimensionless constant being greater or equal to 0.016, Cf the bottom frictional 

resistance coefficient due to both waves and currents, and m the gradient of the water 

surface. The parameter P now represents the relative importance of lateral turbulent mixing of 
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the wave orbital motion to the bottom frictional resistance. Longuet-Higgins obtained the 

following results, for P "* 0.4 

U= A Y+B y Pl 
1 

U = B y P2 

2 

where U = u I Ub , Y = y I Yb , 

A =---­

(1- 2 P) 

P2 - 1 
Bl = PI - P2 

PI ~ -~ + J 9 + I 
4 16 P 

PI - 1 
A, B2 = PI _ P2 A 

y ~ 1 

(2.21a) 

(2.21b) 

(2.21 c) 

so that all the constants (A, PI, P2, B 1, and B2) in Eq. (2.21) depend upon the parameter P. 

The effect of parameter P on the velocity profiles is shown, for some representative P values, 

in Figure 2.2. These velocity profiles demonstrate that the magnitude of the longshore current 

velocity decreases with increasing magnitude of the parameter P. This is because taking 

larger P values gives more lateral stresses to smooth and spread the theoretical longshore 

current profile across the surf zone and beyond the breaker line. And using the lower P 

values shifts the maximum longshore current toward the breaker line. Taking P=O for no 

lateral stress gives U= 1 at Y = 1 and a triangular solution is formed inside the surf zone with 

U=O outside the breaker line. 

(2) Wave set-down & set-up 

Bowen, Inman and Simmons(1968) solved Eq. (2.19) and showed that for a plane 

beach of slope tan p, the wave set-down is expressed as: 

d -1 
= - ( 1 + 8 I 3 y2 ) tan p = - k tan ~ 

y 
(2.22) 

This means that the mean water surface slope, wave set-down, is proportional to the beach 

slope. Integration of Eq. (2.19) to find 11, wave set-up, on a plane beach reduces to a simple 

trigonometric analysis. Thus 11 can be specified by the magnitude of the breaker index y, the 

location of the break point, and the magnitude of wave set-down at the break point, 11b. 

25 



tv
 

0
\ 

1.
0 
i
-
-
-
-
-
-
/
r
7

i
 -
-
:
-
-
-
-
-
-
-
-
-

U
 

0.
5 o 
o 

0.
5 

1.
0 

1.
5 

2.
0 

y 

F
ig

ur
e 

2.
2 

D
im

en
si

on
le

ss
-l

on
gs

ho
re

 v
el

oc
it

y 
as

 f
un

ct
io

n 
o

fP
 -

pa
ra

m
et

er
 

(a
ft

er
 L

on
gu

et
-H

ig
gi

ns
, 

19
72

).
 



2.3.4 Non-uniform nearshore current equations 

Returning to Eqs. (2.15), (2.16) and (2.17), the non-uniform basic equations can be 

extracted by neglecting terms of order higher than £m as: 

~ + o(hu) +o(hv) = 0 

at ax ay 

au ou au 
-+u- +v at 0 x y 

a Sxx + a Sxy _ all + ~ a ( u h ~) _ T 
x ay x h y ay x 

all oS as 1 a Bu aT 
- =_--.XL +~ +-- (uh-) + --.XL-1 
By oy ax h ax ay oy Y 

(2.23) 

(2.24) 

(2.25) 

The subscript 0 has been dropped for convenience. Equations (2.23) and (2.24) are two 

simultaneous equations for the two velocity components u and v. While, Eq. (2.25) shows 

the non-linearity of wave set-up in a cross-shore direction. In the next section we will show 

how can these two simultaneous equations be transform into a single equation for 

non-uniform longshore currents. 

2.3.5 Non-uniform current velocity 

In previous section a set of two simultaneous equations for the two velocity 

components u and v was derived. The substitution of the mass conservation equation, Eq. 

(2.23), into the momentum conservation equation, Eq. (2.24), results a single equation for a 

non-uniform longshore velocity. The velocity of non-uniform longshore current in this 

eqllatllon will be a function of the radiation stress gradients, mean water surface slope, lateral 

stress and bottom shear stress. This equation will be integrated over the cross-shore direction 

to eliminate the derivative with respect to y and to remain only the derivative with respect to x 

and t. Therefore, this integration requires us to specify the velocity profile of the longshore 

current in y-direction. For this purpose, a model proposed by Longuet-Higgins will be used 

in order to simplify the integration process. Also, to estimate the wave set-up, the model 

proposed by Bowen, Inman, and Simmons (1968) will be used. We should mention that any 

model for estimation of longshore velocity profiles can be used to evaluate the integration 
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N ow the substitution of (2.23) into 

cross-shore direction, yields: 

y 

J h au 
P at p f ~ ~ ( J a ~ dy ) J au +p hu-ax 

0 0 0 0 

-p + 

o o o 

fonn as: 

I + -
7 

is the """.-u. .. 

evaluation of the above fnt."'tT .... "ttr\" 

I = P 
2 

Then 

o 

current 

y 

oU(I~d ) 
y at Y =-pI 

o o 

shown in 

oh 
U 

I-I = JChau+u~)d = JaChU)d 
1 2 P t at y P t y 

o o 

Nonnalizing Eq. (2.30) with Uo and hb' yields 

28 

(2.24) and integrating over 

y 

_ p J a ~ ( J a (hxU) dy) dy 

0 0 

- J (2.26) 

o 

7) 

eXpreS5i10n should 

at line. the 

2. is drawn as 

2.2 ) it is noted that 

(2.29) 

(2.30) 



p a 
I-I=--{U 

1 2 ill at 0 

in wh ich a = J ( h ) ( ~) d( L ) 
1 m U Yb o 0 

(2.31) 

(2.32) 

Since u / Vo is a function of Y / Yb and lv'h1J can be expressed by y / Yb, the coefficient a l 

will not be a function of x nor t. 

( 13 - ) : Convective inertia term 

Similar to the above, it is found that 

y 

I = p J ~ (J a ( h u) dy) dy = _ p J u a ( h u) dy 
-1 a y x x 

(2.33) 

o o o 

Then 

I I - J (h a u a ( h u ) ) d _ J a ( h u
2 

) 
3- 4- P u x+ u ax Y-P x (2.34) 

o 0 

Normalized Eq. (2.34) with Uoand , yields 

(2.35) 

in which (2.36) 

Also, is not a function of x nor t. 

In a series of papers beginning in 1960, Longuet-Higgins and Stewart laid down the 

principles and gave the physical meaning behind the concepts of radiation stress for water 

waves. They assumed that the dissipation of wave energy flux takes place shoreward of the 

breaker line, therefore, 15 is reduced to 

29 



(2.37) 

o 

the definition of the radiation stress given by Longuet-Higgins (1972) into Eq. 

(2.37), shows 

I 
;5 

pg 

which h )2 d y) and 

values 

p 

showed that the wave 

wave incidence is as: 

d 11 ad 
= - k tan P = - k , where 

y oy 
k:::: (1+8/3y2 

(2.38) 

(2.39) 

b notices the 

for a beach 

(2.41) 

This meant that the mean water surface slope, wave set-up, is proportional to the beach 

slope. Integration ofEq. (2.41) t<;> find il on a plane beach reduces to a simple trigonometric 

analysis. Therefore, the wave set-up relation can be written as: 

k (~h -h) 
(l-k) 6 b 

3 y2 5 
-(-h -h) 

8 6 b 

30 
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Substitution ofEq. (2.42) into the integration 17 shows: 

5 y2 a hb 3 y2 a 3 3 y2 2 a Yb 
17 = 16 p g P 1 h; a x - 16 p g a x ( P 2 hb ) + 16 p g hb X (2.43) 

1 

in which 1 J h y P =- (-) d(-) 
1 m hb Yb 

o· 
(2.44) 

Similarly, the coefficient PI depends on the ratio y / Yb, thus it will be a geometrical constant. 

18 : Lateral stress term 

The lateral stress combines the momentum fluxes due to both the horizontal mixing 

length of turbulent eddies and the deviations of local velocity from its depth-averaged value. 

Due to weak understanding of the dynamics of surf zone, the lateral stress is usually 

described in term of an eddy viscosity coefficient associated with a velocity SlralaH~m. 

Longuet-Higgins (1972) distinguished the effect of lateral stress on the shape of velocity 

profiles, addressing by a dimensionless parameter P. However, the integration Ig shows that 

I = J ~ ( 11 h au) dy == [11 h au] 
8 By By By 

o y-oo 

[ h~] 11 By 
y-O 

(2.45) 

When the Longuet-Higgins's model for the longshore velocity profiles is applied, Eq. 

(2.21). The integration Ig will be mathematically equal to zero. Physically, in the deep water 

area, . when y goes to infinity, the wave energy is assumed conserved, therefore no lateral 

stress exist. Also, no lateral stress exist at the shoreline where the water depth goes to zero. 

This means that the lateral stress has no effect on the velocity in the longshore direction. In 

fact, we can explain this phenomenon from a point of view of similarity of velocity profiles 

as; since the lateral stress has been addressed by the parameter P which plays an essential part 

for changing the shape of the velocity profile in the cross-shore direction and since the 

similarity of the velocity profiles in the longshore direction has been verified experimentally, 

therefore, the parameter P will be independent of the longshore direction and consequently, 

the lateral stress will have no effect on the non-uniformity of the current velocity in longshore 
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direction. 

For the time average shear stress Longuet-Higgins derived 

2 
(2.46) 

n 

is the bottom ... ,LA'-, .. vu ........ res,ist:am:e due to both waves and longshore 

sinusoidal ..... "uvJ, .. 

I = 
9 

is the aO!30l1llte 

as: 

orbital " ",,,,,,,,,,,.n1 near the bottom for 

) (2.4 7) 

The mt«;;,gr;aHcm quarltHies creates coefficients and = 1,2,3. 

the 

in non-uniform 

are 

functions of 

UIUUU'-/H of these coefficients the model 

of LUHgl11el-llJ!}Ul,lll:S is summarized in next subsection. 

finally as: 

a aa (u hb2 ) + a a ( U2 

1 t 0 2 X 0 

and 

) + 
YCf'b 
--uh=f(x) o b n 

(2.27) is rewritten 

(2.48) 

(2.49) 

where U o is the non-uniform longshore current velocity at the breaker line, Y = HlIhb is the 

breaker index, cb = {' ghb is the breaking wave celerity, g is the acceleration of gravity, and 
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(Xi and Pi ,i = 1, 2, 3, are the integration coefficients. Regarding to the similarity of the 

velocity profiles, these coefficients will be dependent of the predicted shape of the velocity 

profiles. Any model for predicting the velocity profiles of the longshore currents can be used 

with Eq. (2.48), however, for simplifying the mathematical process, the model of 

Longuet-Higgins will be used here. 

Equation (2.48) is a nonlinear partial differential equation with only one unknown, the 

longshore current velocity Uo. The analytical solution of this equation gives a complete 

description for the phenomenon of longshore currents, which is the final goal. However, the 

equation is excessively complicated to permit analytical treatment since too many variables are 

described in one formulation. Therefore, to obtain a dosed fonn solution to the non-uniform 

longshore currents, a simple mathematical formulation has to be used, but one which still 

preserves the important mechanism concerned. Since the concept of the boundary layer is 

introduced here, His expected that the derived equation for describing the non-uniformity of 

longshore currents is similar to the boundary layer integral equation. An interesting 

theoretical analogy can be made between these two equations, such that, the integration 

coefficients appeared in both equations are dependent of the velocity distribution in a 

direction perpendicular to the direction of the main flow. For example, in the boundary layer 

integral equation two coefficients appeared, they are called the displacement thickness 8* and 

the momentum thickness 8, and defined by 

00 

8* U == J (U - u) dy 

y-O 

and 

00 

8 U
2 

== J U ( U - u ) dy 

y=o 

(2.50) 

(2.51) 

Similarly, the coefficients appeared in the non-uniform longshore current equation, Eq. 

(2.48), can be distinguished as the coefficients (Xb i == 1, 2, 3, which represent the longshore 
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velocity profiles, and the coefficients Pi, ,i = 1, 2, 3, which represent the gradient of the 

radiation stress and wave set-up. A comparison between the coefficients of the boundary 

layer equation and the coefficients of the non-uniform longshore currents equation leads to 

some interesting points, that; (1) The coefficient a l is similar to the displacement thickness 

8*, and (X2 is similar to the momentum thickness 8, while (X3 represents the effect of the 

bottom shear stress due to wave actions, (2) the coefficient Pi, i = 1, 2, 3, represent the 

pressure ~ralau~m. which is assumed constant in the boundary equation and assumed 

here inclep,en1oerlt of the lonlRsJhol°e direction. 

2.3.6 

The closed OelDerws upon the estimclticln of the coefficients 

and as will as 

and constant waves ""'-" ....... 'V ....... , condition =: 0, Uo = is 

derived as: 

( 1 
exp (B x) (2.52) 

( 1 -

where 

and 

(2.53) 

Equation (2.52) demonstrates the development of non-uniform longshore current 

velocity at the breaker line. Figure 2.3 shows a family of solutions orEq. (2.52) for some 

representative U 01 Ub values. The longshore current velocity increases rapidly to reach a 

constant value which corresponds to the uniform longshore current velocity Vb . 
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2.3.7 Coefficients of non-uniform current equallolD. 

In section 2.3.5 an eqtlation for non-uniform 

This equation has coefficients which aDt)eared 

cross-shore mrectl0I1. and are ael)enaeJrH 

which are 

It is the coefficients 

ratio while 

as well as the local 

constants, 'U'-'I.I ..... 1J' .... 

arc OC{)enIOeim 

coefficients a suitable b...,.'n .. ""'C'<",.... .... for the "''''',''',..,,,, 

predicting velocity profiles of longshore currents can be used 

coefficients, however, for simplifying the integration process, the 

Longuet-Higgins will be used here. Applying Longuet-Higgins solution 

the coefficients (Xi and Pi! i = 1, 2, 3, are determined as: 
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1 P =-
1 2m 

ill 

+ __ ~2~A~B_I~ + ____ B __ ~ __ __ 
ill (PI + 3 ) 2 m ( P 1 + 1 ) 

1 P =-
2 3m 

(2.55 ) 
A 

2 
m m 

constants A, PI, , and are aeIJen.aelrH upon the .LJvul",' .... ,"" "''''.00''''' 

pa~ranleb;::r P. 2.4 illustrates the influence of the parameter P on the coefficients and 

The coefficients Pi do not affect by the parameter P, because they are geometrical 

constants as indicated in Eq. (2.54). The coefficients <:11 and <:12 are affected by the parameter 

while the coefficient <:13 has been held constant. The reason for this is explained as 

(2.48) the coefficients <:11 and <:12 present, respectively, the influence of 

Um;IeElOY and non-linear terms of longshore currents which are affected by the changes of 

",<"."jlnr.t'H in the longshore direction, while the coefficient ~ presents the influence of uniform 

IOl1lgsi!101re current term. 
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2.4 Experimental Study on Similarity of Velocity Profiles 

Based on the similarity between the flow motion within the boundary layer and the 

longshore current within the surf zone, the concept of boundary layer theory is introduced to 

the nearshore region. The theory is authorized by two assumptions, they are: the velocity 

profiles of longshore currents are similar, and wave set-up is independent of longshore 

position. As discussed in the previous section, these assumptions were employed to simplify 

the nearshore current equations. Therefore, a series of experiments on longshore currents 

was performed. The purposes of these experiments were to examine the applicability of the 

assumption that the velocity profiles in non-uniform longshore currents are similar and to 

examine the uniformity of wave set-up in the ''''''IF-.UJlHJL 

performed using regular waves. 

2.4. set up 

direction. The experiments were 

The experiments were in the fan-shaped wave basin (semicircular part: 

r= 7.5 m; rectangular part: 35 x 10m) of Ujigawa Hydraulics Laboratory, Disaster 

Prevention Research Institute, Kyoto University. A smooth concrete beach was constructed 

with slope 1: 10. Two smooth wave guide walls were installed in the normal direction to the 

wave board, The upstream guide wall was closed to the beach and downstream one was 

ended near the toe of the fixed bed, see Figure 2.5. The purpose for having a guide wall 

closed to the beach in upstream is to keep the wave height uniform along the beach. While, 

the opening at downstream guide waH helps to minimize the w~ter circulation between the 

guide wans and to carry it away behind at the still water area. 

In Figure 2.5, the sloping part of the wave basin was marked by a 20 square cm grid. 

Measurements of current velocity were made at every grid line perpendicular to the shoreline. 

Two different types of colored tracers were used; 3 cm square shaped paper tracers and 2.5 

cm ball tracers. The tracer trajectories within each grid was recorded by using a video camera 
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Figure 2.5 Schematic diagram of experimental arrangement of similarity 

of velocity profiles in non-uniform longshore currents. 
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system. Measurements of wave heights in the constant depth of the basin were made with 

capacitance type wave gauges. While on the sloping part, measurements of wave heights and 

mean water level were made over the entire grid area using capacitance type wave gauge and 

low frequency filter, respectively. The wave gauge and low frequency filter were installed on 

a vehicle mounted on rails controlled by personal computer. The angles of incoming wave 

incidence were measured at the constant depth part by measuring the angles of inclination of 

the wave generator to the beach. Snell's law and linear wave theory were used to estimate the 

angles of wave incidence at the breaker line. 

2.4.2 Experimental results 

In order to develop a more realistic model for non-uniform longshore currents, it is 

necessary to employ regular waves under various conditions. To carry out this investigation, 

eight experiments were performed under the conditions that the stilI water depth at the 

constant depth part is 30.6 cm, the wave period is 1.13 sec, the range of angle ofincidence is 

150 to 55°, and the wave height is varied from 3.8 cm to 8.5 cm, (see Table 2.0. The 

experimental results are classified mainly into two categories which are given as: 

(1) Similarity of velocity profiles 

Figures 2.6 and 2.7 show an example of the measured longshore velocity, for two 

incident wave angles 170 and 45°, compared with the theoretical curve of Longuet-Higgins 

(1972). The rate of agreement between measured and computed longshore current profiles is 

influenced by the choice of Longuet-Higgins parameter P. The curves were fitted to the data 

by using the method of least square. It is noted that for all experiments Longuet-Higgins 

parameter P is less than 0.2. From these figures it is obvious that: 

(I) The similarity of velocity profiles is very satisfactory. The shape of the velocity 

distribution starts to grow from the initial boundary until to reach constant shape, which 

represents uniform velocity profile. 
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(2) For a small angle of incident, the agreement between the measured velocities and 

Longuet-Higgins curve is good. While in the case oflarge angle ofincident, the agreement is 

less. 

The development of non-uniform longshore current velocity at the breaker line is 

shown in Figure 2.8, where the longshore distance is normalized by Eagleson's factor B 

expressed as: 

2 [ Cf ] 
B = 5" hb cos p sin <1b 

(2.56) 

where, hb is the breaker depth, <1b the breaking wave angle, P the beach slope, and C f is 

the Darcy-Weisbach friction coefficients. The longshore current velocity increases rapidly 

from zero to a constant value which corresponds to the uniform longshore current velocity. 

The measured longshore current velocities clearly show the tendency of non-uniform 

longshore currents. 

(2) Uniformity of wave set-up 

Figures 2.9(a) and 2.9(b) illustrate the distribution of measured wave height for Run 2 

and the mean water level for Run 3 over the entire fixed bed area. In these figures the 

horizontal axis represents the cross-shore direction, while the longshore direction represented 

by the third axis. The uniformity of wave height and wave set-up alongshore are clearly seen 

in these figures. Figure 2.10 shows the cross-shore measurements of wave field for Run 2. 

The lower part of the figure shows the measured wave height computed with the calculated 

one by linear wave theory. In the experiments, the breaking wave is plunging type, this 

means that the wave height continues increases up to the breaker point. The effect of 

nonlinearity is so small, so that the measured values fit the calculated one well. The upper 

part of the figure shows the changes in the mean water level presented by waves. Bowen's 

formula (1968) for wave set-down was used to fit the measured data. It's dear from this 

figure that the wave set-up increases linearly toward the shoreline. Therefore we can 

conclude from Figures 2.9 and 2.10, that the wave set-up is uniform alongshore and 

45 



1.
5 

J 

...C
l 

1
.0

 
0 

O.J
 

III
 

....
....

... 
Ii.

 I
i. 

li
.A

 

0 

I I
II 

R
l 

A
 

R
S 

~
 

+
 

+
 

+
 

+
 

. 
R

2
 

Ii.
 

R
6 

¢ 
R

3 
o 

R
7

 
o 

R
4

 
+

 
R

8 
+>

. 
0 

0
\
 

0 
S 

1
.0

 
.s

 
2

.0
 

2
.5

 

B
x 

F
ig

ur
e 

2.
8 

D
ev

el
op

m
en

t o
f n

on
-u

ni
fo

rm
 l

on
gs

ho
re

 c
ur

re
nt

 v
el

oc
it

y.
 



s 
S 

I~ 

20 
R2 

15 
...--... 
8 
(,) 10 

'--' 

::q 
5 

0 
0 100 200 300 

Distance (cm) 

(a) Distribution of measured wave height (Run2). 

30 
.R3 

20 

10 

S_ W.L. 
0 -----------

-10~----------~--------~----------~-L--------~ 
o 100 ·200 

Distance (cm) 

(b) Distribution of measured mean water level 

300 

Figure 2.9 Distribution lil,-"0.0'-'1,-"'-' wave height and mean water level 

over the entire fixed bed area. 

47 

400 



B :::;Q, I 
R2 

.. 
I ....... 

6 ~ 

4 
:::,.(U 

8 &rt:r. 
8 2 

II=' 0 

-2 Theory 

10 

Breaking po!n t ~ I 8 Plunge point 

8 
t:.lo'f 

6 0 
u 

'--" 0 

4 t:.l 
~ 0 

G 

2 t:.l 

0 
0 50 100 150 200 250 

Distance (em) 

Figure 2.10 Cross-shore measurements of wave height and mean water level (Run2). 

48 



increases linearly toward the shoreline. 

Figure 2.11 illustrates the variation of the measured wave set-up along the shoreline. 

The measured values used in this figure are 20 cm from the initial shoreline because the 

limitation of measurements at this region. But, fortunately, the wave set-up increases 

linearly, thus we can use this value instead of the maximum wave set-up value. In this figure 

Run 2 shows the maximum variation of wave set-up which is less than 7%, other cases are 

much smaller. Therefore, we may conclude that the wave set-up is uniform alongshore. 

Furthennore, it's well known that wave set-up is a function of breaker index, Hl/hb' Figure 

2.12 demonstrates the uniformity of breaker index, Hl/hb, along the shoreline, therefore 

Bakker's fonnula can be used to estimate wave set-up along the shoreline. In this figure, the 

value of the breaker index, Hl/hb, is laid between 0.8 and 1.0. 

2.5 Comparison with Experimental Data 

In the previous section, series of experiments on longshore currents were carried out. 

The main purpose of these experiments was to examine the applicability of the boundary 

layer assumptions, by studying the phenomenon of non-uniform longshore currents 

generated by regular waves. An example of the measured longshore velocity compared with 

the theoretical curve of Longuet-Higgins (1972) is shown in Figure 2.6. The degree of 

agreement between measured and computed longshore current profiles is influenced by the 

choice of Longuet-Higgins parameter P. The curves were fitted to the data by using the 

method of least square. It is noted that for all experiments Longuet-Higgins parameter P is 

less than 0.2. The similarity of velocity profiles is very satisfactory_ Therefore, the 

coefficients of integration in Eq. (2.48) are dependent of the predicted shape of the velocity 

profiles and the local depth ratio, hlhb. The comparison between the experimental 

measurements of non-uniform longshore currents and the theoretical curve given by Eq. 

(2.52) for boundary condition at x=O, Uo=O, is shown in Figure 2.13. Each plot in the figure 
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is identified by the plotting symbol corresponding to each run in the experimental 

measurements. It is seen that most of the points lie around the theoretical curve derived by 

Eq. (2.52). The theoretical curve given by Eagleson (1965) is also shown in Figure 2.13 for 

a comparison. The longshore current velocity increases rapidly from zero, at the initial 

condition, to a constant value which corresponds to the uniform longshore current. 

From Figures 2.6 and 2.13, It can be pointed out that the shape of the velocity profile 

starts to grow near the initial condition and increases rapidly, upcoast of the structure 

reaching a constant shape which represents the velocity profile of the uniform longshore 

currents. Therefore, the theoretical curve given by Eq. (2.52) describes not only the 

non-uniform longshore velocity at the breaker line but also at any given relative local depth 

ratio, h / hb. Consequently, the phenomenon of non-uniform longshore currents can be 

described analytically by solving Eq. (2.48) with the given boundary conditions and with the 

estimation of the integration coefficients by the aid of similarity of velocity profiles. 

2.6 Rate of Longshore Sediment Transport 

The process of longshore sediment transport in coastal area is extremely complex. 

Breaking and reforming waves, changes in space and time, the generate of a 

three-dimensional turbulence field, all these acting over an irregular and constantly changing 

bottom topography. In addition to the complexity of this picture there are also other 

parameters of major importance for the longshore sediment transport such as grain size, 

beach slope, or bed roughness. A complete theoretical description of all these parameters is 

for beyond the present literature. Instead, simplified models have to be used. Among the 

several formulas for the longshore sediment transport rate there are three basic approaches 

which are distinguished; the wave power approach, the energetic model approach, and the 

bottom shear stress (or mass flux) approach. A brief discussion on these three approaches is 

given below, in which it is restricted to the general relationships describing each approach. 
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2.6.1 Wave power approach 

Numerous investigations have been attempted to correlate the longshore sediment 

transport rate Qx to the longshore component of the incoming wave energy flux PI 

(e.g.Caldwell, 1965; Manohar, 1962). The first dimensionally correct expression was 

presented by Inman and Bagnold (1963): 

k PI 
Q =------­

x (a-p)g(I-A) 
(2.57) 

where k' is a non-dimensional proportionality constant, a and p the densities of the sediment 

and water, g is the acceleration of gravity, and A. is the sediment porosity. The longshore 

component of wave energy flux (wave power) PI is written as: 

(2.58) 

where E is the wave energy, cg the group velocity, 0: the angle of wave crests to the 

shoreline, and the subscript b denotes the breaking condition. Longuet-Higgins (1971) has 

objected to the terminology for Pl. He showed that PI is incorrect and has no physical 

meaning since scaler quantities, such as power or energy, cannot have components. Bearing 

this in mind, but still finding the terminology illustrative and consistent with many other 

studies. Equations (2.57) and (2.58) form together what is commonly known as the CERC 

formula (Shore Protection Manual, 1984) for which k' is set to 0.77. In the literature there 

have been, and still are, many discussions about the true of the CERC formula coefficient. 

years, the recommended value of k' has been varied. More recently, Bailard (1985) 

and Davies, Nairn and Sayao (1986) suggested that instead of being constant, k' 

is a function of parameters such as breaker angle, grain size, breaker index, Hb I hb' and 

bottom slope. The CERC formula has several limitations. It does not explicitly take into 

account the effect of grain size, beach slope or bed roughness. In spite of this and although it 

is basically empirically derived, without any considerations of the mechanism of sediment 

transport, the CERC formula has been successfully applied in immeasurable engineering 

projects. In next section a trial is made to adapt the well known Komar's figure, in which the 
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relationship between the immersed-weight sediment transport rate and longshore component 

of wave power is computed with both field and laboratory data, by using a new fonnulation 

for the rate of longshore sediment transport. 

2.6.2 Energetic model approach 

Bagnold (1963) extended his concept of work performed by water in moving sediment 

particles to include wave effects. Here, the longshore sediment transport rate is assumed to 

depend on the combined effect of waves and currents. Once the sediment is in motion due to 

the waves, it becomes available for transport longshore current velocity V. Then, the total 

be eX1Jressec1 as: 

E cos a (2.59) 

where k" is non-diIY'ensional constant, and urn is the maximum near-bottom 

orbital velocity at wave breaking. Komar and Inman (1970) found for several sets of data that 

K" is equal to 0.28. As opposed to CERC formula, (2.59) can be used when the 

InnrrC'I,A .. ·P current velocity, V, is uniform or non-uniform. As shown by Gourlay (1982), it 

possible to derive an expression for the longshore current velocity resulting from the 

effects of both breaking angle and a longshore gradient of breaking wave height. Equation 

(2.59) becomes identical to the CERC formula when the breaking wave angle is small and the 

longshore gradient of the breaking wave heigh~ is set to zero. This type of expression has 

recently been recognized as useful for application of the one-line theory of beach evolution, 

especially for beaches with coastal structures (Hanson and Kraus, 1986). 

2.6.3 Bottom shear stress (mass flux) approach 

In the bottom shear stress approach, the physical process of the mechanism of sediment 

transport is considered in more detail than the previous two approaches. Consequently, this 
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approach requires detailed knowledge about important physical parameters such as bottom 

shear stress under combined waves and current, bottom slope, grain size distribution, the 

reduction of wave height due to breaking, and estimation of the diffusion coefficients both in 

non-breaking and breaking fields. Bijker (1971) assumed that the mechanism of sediment 

movement is governed by the bottom shear stress alone. He combined the Kalinske-Frijlink 

bed load equation with the suspended load relation proposed by Einstein (1950)to get the 

total transport rate. Recently Tsuchiya and Yasuda (1979) proposed a new formulation of the 

total rate of longshore sediment transport based on the mass flux model, in which the 

longshore sediment transport is proportional to the averaged concentration of sediment and 

the longshore current velocity. This formula will be discussed in detail in next section where 

it is extended it to include the non-uniformity of longshore sediment transport. Also, the 

formula will be verified using field and laboratory data plotted in well known Komar's 

figure. 

2.7 Non-uniform Longshore Sediment Transport 

In the previous section three types of approaches to determine the longshore sediment 

transport rate were discussed. The first type, leading to the CERC formula, is purely 

empirical and has proved to give reasonable results in many coastal applications. Its major 

limitation is the inability to account for non-uniform longshore currents generated. The third 

type models the physical process of sediment transport in more detail that the other two. 

Unfortunately, the use of this technique in engineering applications is still beyond the state of 

considerable. However, as progress is being made, as in this section, this type of approach is 

believed to become more available for engineering use. 

In general, sediment are transported downcoast by longshore currents through a 

to-and-fro motion even as they are undergoing sliding or saltation due to wave action. 

Einstein (1972) indicated that the motion of sediment transported by fluid can be expressed 
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universally by a formula for sediment load. Tsuchiya and Yasuda (1979) expressed the 

mechanism oflongshore sediment transport as: 

q=c·h.u 
x 0 

(2.60) 

in which qx is the rate of longshore sediment transport per unit width, u the longshore 

current -.,,,,,,11'"\"-11"" and Co the ::Iv,,,,rn!O"prl concentration of sediment. The 'O>u,,,....,,,.,.,,,,,.4 concentration 

of sediment can be ",,,,,,,,,,,,,,,<,,,,".,-1 (according to 

c 
o 

c 
o 

pa:ranlet!;;;r at 

* 

p 
( -

t* 
c 

[ ~Y(H)(L)( 
2 

~.,~Ih'.,.... and r ... Ci.VVCllCl. 1971) as: 

(2.61) 

varies with the shields 

the critical value of shields 

is g is acceleration of 

The value for can 

o s Y s 1 

(2.64) 

in which L is the wave length, H the wave height, T the wave period, h the water depth, 

Y =y/Yb, and the subscripts 0 and b refer to wave properties at the deep water limit and at the 

breaking, respectively. The substitution ofEqs. (2.61) to (2.64) into Eq. (2.60) leads to: 
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q = 
x 

where 

and 

[ 
P h 

c (-) ( 1 - F2 ~) h u 
oar h 

P h2 

C (-) ( 1 - R2 F2 - ) h u 
oar h2 

b 

*2 
U 

F2 = 8 c 
r y2 f g hb 

o s Y s 1 

(2.65) 

1 s Y < 00 

(2.66 ) 

(2.67) 

in which R2 represents a function of wave characteristics and represents a square of 

Froude number of thresl~old of sediment movement. In order to integrate CJx over the domain 

of sediment drift in the cross-shore direction it is necessary to specify the ~ross-shore 

distribution of longshore current velocity. For this purpose, the Longuet-Higgins (1972) 

eqlIaIJlOn for longshore current is used. Now, the total rate of non-uniform longshore 

sediment is derived by integrating Eq. (2.65) over the domain of sediment drift 

while applying the non-uniform longshore current velocity Do given in section 2.3, as: 

c P 
Q = .Jl ( -) I ( R, 

x m a 
(2.68) 

where 

2 
)=a -b F -de o 0 r 0 

e 2 
)O+d(RF) 

o r (2.69) 

in which ~ = 0.298, bo = 0.124, do = 0.373, and eo = 1.11 when P = 0.2. 

2.14 illustrates the change in I (R, versus F/ and R2 when Longuet-

Higgins parameter P is set to 0.2. It is obvious form this figure that; 1) For a small value of 

Fr2 the function I (R, Fr) becomes nearly constant say 0.3, and 2) The function I (R, Fr) 

decreases with increasing Fr2, it becomes very small when reaches 1.0. Consequently, in 
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the field coast the function I (R, F r) is nearly constant because of the parameter F r2 includes 

the ratio of sediment size to break water depth, which is very small. On the other hand, in 

laboratory experiment, the ratio of sediment size to break water depth becomes muchlarger 

than the one in field coast, and therefore the function I (R,Fr) becomes much affectable by 

the ratio of sediment size to break water depth as well as the characteristics of waves and 

sediment. 

Now we consider the empirical relationship for the total rate of longshore sediment 

transport derived by wave power approach, which known as the CERC formula and the well 

known figure prepared by Komar and Inman (1970), which shows the verification ofCERC 

formula with both of field data and laboratory data. In their figure, the laboratory data are 

plotted considerably below the CERC formula which fits the field data well. 

Tsuchiya and Yasuda (1979) followed the same derivation steps, but they used 

Longuet-Higgins expression for uniform longshore currents. Their formula can be derived 

from Eq. (2.48) by neglecting the non-uniform terms. Their formula for total rates of 

uniform longshore sediment transport, Qml is expressed by: 

in which 
5 Jt c Y 

C=-_o-
32 f 

(2.70) 

(2.71 ) 

Equation (2.70) shows that the total rate of longshore sediment transport is proportional to 

the longshore component of wave energy flux (wave power) and the function I (R,Fr). In 

field, the function I (R,Fr) is nearly constant, therefore the total rate of longshore sediment 

transport will be directly proportional to the longshore component of wave power, and the 

formula given by Eq. (2.70) will be equivalent to the empirical CERC formula derived by 

wave power approach. Equation (2.70) can be expressed as an immersed-weight rate, ~, as: 

1m = (a - p) g ( 1- A) Q = k'" I (R,F ) (E c sin ex cos ex)b 
m r g (2.72) 

where k'" is a non-dimensional proportionality constant. In the field, this constant multiplied 
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the value of the function I will be equivalent to the CERe proportionality constant, 

which is set to the situation mathematically expressed as: 

k' = 0.77 (2.73) 

in which ... ",.,.,.,."",,,,,nt,,, the value of the function at the field coasts. Substitution of 

into (2.72), 

(}- g -A Q 
m 

similar every term except for 

( E c sin ex cos ex 
g 

(2.74) 

takes into account the effects of 

that in the the 

J.V!.UH.HU. This formula will be verified with field and 

next section. tauatlOn 

and breaker water as: 

for non-uniform A VA,',,",".""" A sediment tr-o:>,n"'''',Art and 

that both the equations are 

the function 

I the values in uniform and non-uniform longshore sediment 

",,,-!,)',UAU'-,,", by the function I Fr) which is proportional to velocity 

or the Jl.JV",."'U,",, parameter P. Moreover, the similarity of velocity profiles 

has been previously verified. Thus, the function I (R, Fr) will not be affected whether the 

longshore current velocity is uniform or non-uniform. Thetefore, the total rate oflongshore 

sediment transport will be directly proportional to the longshore current velocity, 

mathematically expressed as: 

(2.76) 
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2.8 Verification of 1L<V'U"',L>'-"'V Sediment Transport Formula 

The judgment of validity of any fonnula is its ability to be applied to laboratory and 

field studies. For that purpose, the laboratory and field data used in Komar's figure have 

been recalculated with using the new fonnulation for the immersed-weight transport rate 

given by Eq. (2.74), in which the function I(R, Fr) plays an essential part in the verification. 

A complete description with a more comprehensive presentation offield and laboratory data 

used in this verification is found in Das (I 971). From Das's report, both the immersed­

weight transport rate and the longshore component of wave power for the field and 

laboratory data are recalculated using the new fonnula expressed by Eq. (2.74). The results 

are plotted in Figure 2.15. In comparing of Figure 2.15(b) with Komar's figure (Figure 

2.15(a)) it can observe that the laboratory data are sifted and the agreement between the new 

formula and the. data is much better. The results imply that by using the new fonnula, 

Eq. (2.74), the empirical CERC fonnula could be modified to include the function I (R,Fr) 

which takes into account the effect of sediment size, beach slope and bed roughness. 

2.9 Conclusions 

The process of longshore sediment transport in coastal zone was investigated. A new 

equation of non-uniform longshore currents was derived based on the the applying the 

'"''-'.'v~._" of the boundary layer theory to the nearshore current equations. The applicability of 

the assumptIons of the vv~ .. ,u,u.. layer which are the velocity profiles in non-uniform 

longshore currents are similar and the wave set-up is uniform in the longshore direction, was 

examined by perfonning an experimental study. The experimental results reveal that the 

similarity of the velocity profiles is very satisfactory. Therefore the integration coefficients 

appeared in the new equation of non-uniform longshore currents are not functions of 

longshore direction nor time. Moreover, the maximum longshore variation of wave set-up 
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was (more or less) small and wave set-up increases linearly shoreward. 

From the comparison of the new equation of non-uniform longshore currents with the 

experimental data, it is observed that the degree of agreement between measured and 

computed longshore current profiles is influenced by the choice of Longuet-Higgins 

parameter P. The shape of the velocity distribution starts to grow from the initial boundary 

until reaching a constant shape which represents uniform velocity profile. Therefore the 

theoretical curve given by the new equation of non-uniform longshore currents describes not 

only the non-uniform longshore velocity at the breaker line but also at any given relative local 

depth ratio, hi'hb. Consequently, the phenomenon of non-uniform longshore currents can be 

described analytically by solving the new equation with the initial and boundary conditions 

and with estimation of the integration coefficients by the aid of similarity of velocity profiles. 

A new formula for estimating of the total rate of longshore sediment transport was 

derived based on the formu1a of Tsuchiya and Yasuda (1979). This formula includes the 

effect of sediment size, beach slope and bed roughness. The verification of the new 

formulation of non-uniform longshore sediment transport rate was made using the field and 

laboratory data plotted in the well known Komar's figure. The result of the verification 

reveals that the function I ( R, Fr) plays an essential role in the verification. The laboratory 

data have been rearranged using the new as a result the agreement between new 

formula and the data is much better. the CERC fonnula can be 

modified to include the function I ( R, Fr) which takes into account the effect of sediment 

size, beach slope and bed roughness. 
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Chapter 3 FORMATION OF RIVER DELTAS 

1 

In view of the variability of modem deltas, a single delta model is no longer adequate. 

Instead a series of models is required and several schemes have been proposed, based 

primarily on the physical processes operative within the delta (Galloway, 1975). Based on 

Galloways classification, the river deltas are as: 

(1) River-dominated type; in which the river dH',~~v:>r{T'" 

is minimal. The characteristics of delta of this type 

the wave action is nearly negligible, as such as 

delta. 

the coast Mississippi 

(2) Wave-dominated type; which represents higher wave energy situations, where 

powerful waves have slowed down the advance of the delta and redistributed the river 

sediments such that the delta plane takes on a smooth and gentle shape. This type of delta can 

be observed along the coast of the Senegal delta. 

(3) Tidal-dominated type; where the oceanic tidal currents are impinging on coastal 

waters near river deltas cause river discharged sediments to be transported and dispersed 

along the coast at considerable distances from the river mouth. In a few instances, 

unidirectional tidal currents may be as swift as the river outflow itself. Probably the most 

prominent example of a delta influenced by strong tidal currents is the Ord river of Western 

Australia, in which the spring tide rang of about 5.9 m sweeps the delta and reveals flood and 

ebbs currents in excess of 3 mls (Wright, Coleman and Ericson, 1974). 
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Based on the data collected by Coleman and Roberts (1987) presented in Chapter 1, 

Figures 1.1, 1.2, and 1.3, and a ternary diagram proposed by Wright (1985) and by 

Galloway (1975), a modified version ofa scheme proposed by Galloway (1975) is adapted. 

This scheme is shown in Figure 3.1, in which a ternary diagram is used to define general 

regions of river-, wave- and tidal-dominated deltas. Applying the scheme the positions of 

individual deltas are plotted qualitatively, in which it can be seen that the Mississippi delta is 

the most river-dominated type, whereas the Ord delta is the most tidal-dominated type and the 

Senegal delta is the most wave-dominated type. Although the definition of these parameters 

are not restrictive, they are helpful in qualitatively understanding the delta classification. 

In this chapter, firstly, the physical description of the river delta formation is presented 

by two field cases; the Nile Delta coast in Egypt and the major river deltas in 

Lake Biwa, Japan. The fundamental of the physical description will include the study of the 

history of the set and shoreline changes, the sediment characteristics, and wave climate 

conditions. 

a brief description of the fundamental of the one-line theory will be 

discussed following by an overview of the previous analytical work related to the theory. 

Thirdly, by employing the one-line theory associated with the formula of non-uniform 

longshore sediment transport rate, presented in Chapter 2, several analytical solutions for 

evolution of shoreline of river deltas will be derived under various boundary conditions. 

Fourthly, an experimental study was carried out. The main objectives of this work are, 

to demonstrate the process of formation of river deltas, to declare the change of the beach 

profiles along the shoreline of the delta, to verify the relationship between shoreline change 

and cross- sectional area of beach profiles, and finally to study the effect of oblique wave 

incident on the symmetry of river delta configuration and on the process of formation of river 

deltas. Finally, the application of the analytical solutions to experimental study and to river 

deltas in Lake Biwa will be discussed. 
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Figure 3.1 

RlVER DOMINATED 

25 

WAVE DOMINATED TIDE DOMINATED 

1. MississippI; 2. Shatt Al Arab; 3. Po ; 4. Danube; 

5. Jaba; 6. Ebro; 7. Irrawaddy; 8. Huang; 9. Mahakam; 

10. Nile: II. Rhone: 12. Sao Francisco; 13. &!legal ; 

14. Shoal Haven; 15. Orinoco; 16. Indus; 17. Burdekin; 

18. Niger; 19. Mekong; 20. Copper; 21. Purari ; 22. Amazon; 

23. Ganges-Brahmaputra; 24. Gull or Papua; 25. Ord. 

Ternary diagram of delta types, based on the relative importance of river, 

wave, and tide processes and delta shape, (modified after Galloway, 1975; 

Wright, 1985). 
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3.2 Nile Delta Coast 

intervention processes 

effect 

the most serious 

inten:er:)tiCln of river sediment 

Nile Delta has been determined by the 

floods of the Nile River 

t~1nCT1I,..,rl the 

'''~H~''E>~ of 

the 

::1 cons(~at:!ence. 

Dam in 1 

which 

di~;chan;!e as active sediment 

and currents, which have 

remained unC1H1mnJSD:eC1, 

coastline of the 

to 

Port Said is about 300 km 

process and ch;:mp;1np; ,g,u 1"3. t1() n 0 f 

onshore of about and an about equal 

The coastline of the Nile Delta from Alexandria to 

The southern apex of the Delta is at 300 N, some 30 km 

north of Cairo, where the Nile River splits into the Rosette branch in western and Damietta 

branch in eastern (Figure 3.2). 
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Figure 3.2 General plan of the Nile Delta. 
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3.2.1 History of Nile vaHey 

The Nile valley was cut to its maximum depth during the great Miocene desiccation 

about 24 m.y. (million years) ago when the Mediterranean was isolated from the world 

oceans, causing the sea to dry and becomes a salt pan. At that time the river cut a gorge 

deeper than the Grand Ganyon of the Colorado. The valley began filling over its ancient delta 

when the Mediterranean filled during the Pliocene about 10 m.y. ago. The present Nile Delta 

has a sediment thickness of over 3.5 km along the continental shelf and a sediment volume 

estimated to be 350 to 387 xl0 3 km3 (Said, 1981; Ross and Uchupi, 1977). 

(l)~_~~~ 

Fluctuations in the sea level of the Mediterranean Sea have been important factors in the 

cutting and of the Nile Valley, the formation of the delta, and the distribution of Nile 

river sediments. There were many sea level fluctuations during the Pleistocene that resulted in 

Nile cut and fill in different positions in the delta coast. Sea level rose form about -140 

m, 15,000 years ago and is still rising at a rate of about 15 em per century. The present sea 

level rise is a factor in coastal erosion, possible accounting for a shoreline retreat of 10 to 15 

m per century (Inman and Jenkins, 1984). 

(2) Nile river discharges 

The Nile river derives its water from the Lake Plateau of Tanzania and Kenya (White 

Nile) and from the Ethiopian highlands (Blue Nile). It has a drainage of about 3 x 10 6 km 2 

and a length of 6,800 km. The Nile traverses 35 degrees oflatitude in its long northerly flow 

from its source in Tanzania to the Mediterranean Sea. Before the construction of the High 

Aswan Dam, the river discharged annually 86 x 109 m3 of water (Hurst, 1952; Said, 1981). 

The sediment supplied by the Nile River has been estimated to be about 88 to 120 x 106 ton / 

yr, (Holeman, 1968). Some of this sediment have been transported to the coast by the 

.{trevailing waves and currents, while the remainder has been deposited as part of the delta 

fonnation. 

Man's intervention in the flow of the Nile dates back at least to Pharaonic times when 
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Senusret had a canal built from the ancient Pelusiac branch of the Nile to the Red Sea (circa 

1900 B.C.). Modem intervention began with construction of the Delta Barrage below Cairo 

in 1861. The barrage sluices opened to pass flood waters, of which about 70 percent flowed 

out the Rosetta mouth, and 30 percent through the Damietta. The barrage was the beginning 

of perennial intervention versus basin irrigation and the extensive use of Nile silts and clays 

as nutrients in agriculture. This intervention continued with the construction of Low Aswan 

Dam in 1902, up until the High Aswan Dam was completed in 1964, which trapped all of the 

sediment load. 

Before 1861, probably most of the sediment was carried during the flood months, July 

through November, and deposited off the Mediterranean to form the delta of the Nile. The 

erosion of Rosette promontory which began about the tum of this century was probably in 

part due to a decreased of sediment supply caused by the present of Low Aswan Dam. 

The flood months of the Nile River are usual1y taken as July, through November, with 

the maximum monthly discharge of about 17 and 21 x 109 m3 during August and September 

respectively. However, measurements show that the rising phase of the flood in August 

carries the highest percentage of suspended load. A minimum water discharge of 1.5 x 109 

m 3 occurs in May. The sediment transported by the Nile are made up of bed load and 

suspended load. The investigations carried out in the pre-High Dam period have shown that 

the bed load transport was only 1 to 2% of the total sediment transport. It accordingly became 

customary to consider the total sediment load equal to the suspended load, (Shahin, 1985). 

Shahin (1985) investigated the suspended load measured during the flood season from 

1928 to 1963. The main conclusions drawn from his investigation are as follows: 

(1) 98% of the annual sediments are brought by the Nile during the flood season. The 

annual volume of sediments reaching Aswan to be about 125 x 106 tons. 

(2) The percentages of clay, silt and sand fractions in the suspended load changes with 

time during the flood seaSon. The monthly average percentage are shown in Table 3.1. 
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Table 3.1 Monthly average percentage of clay, silt and sand fractions in suspended load. 

Month Clay < 0.002 mm Silt 0.002 - 0.02 mm Sand 0.02 - 0.2 mm 

August 35 45 20 

September 30 45 25 

October 30 45 25 

November 35 35 30 

3.2.2 sediment characteristics 

sediments varies in the lOflg-snOJre direction. This 

the influence of sediment source and by selective transport and 

selective 'U'~''''-''JA'''VU U!-,v''''A,lv ALU'-'11VH of the available sediment The local '';''.'''-''UH'''''b 

is well correlated of 

classification of beach the coarser material is correlated 

is verified in this 

lVll:neral iogl,CaI studies of coastal sediments from Alexandria eastward to Sinai show that 

the NHe River has been the source of sediment for beaches and coastal dunes. Fishawi, 

Sestinine and Shawki ( show in Figure 3.4 the average longshore grain size of 

the Nile Delta Coastline for the period 1973 to 1975. Also in this figure shown are the data 

from United Nations Development Program, UNDP, (1973), and the data from the 1980 

sediment survey performed by Coastal Research Institute, CRI, Water Research Center, 

Ministry of Irrigation, Egypt (1980). Two distinct areas are apparent. The first is the area from 

Abou Quir Bay to the Gamasa-Ras El Bar, characterized by coarser sediments of 0.25 to 0.3 

mm, and the second is the area east of the Damietta mouth where grain size is relatively 

constant at about 0.15 to 0.2 mm. From Figure 3.4 it is noted that the Fishawi, Fahmy, 

Sestinine and Shawki (1976) data show a minimum grain size in the vicinity of the distributary 
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mouths. While, UNDP (1973) data show a maximum at the Rosetta mouth, and the CRI 

(1980) data show a local maximum at Ras E1 Bar, near the Damietta mouth. This natural 

temporal variability makes it difficult to describe a specific grain size at any position along the 

coast. From a practical point of view, however, the range of variability is less than 0.4 mm for 

d50) which is still characterized as fine to medium sand. Thus, characterization of the shoreline 

sediment as 0.25 mm west ofRas El Bar and 0.15 mm cast of Damietta mouth is a reasonable 

approximation for engineering purposes. 

3.2.3 Histqry of shoreline change 

Accretion and erosion are common to sandy coasts exposed to waves and currents. The 

stability of any particular section of shoreline depends upon the balance between the quantity of 

sediment supplied to that section and that carried away. If the sediment supplied is equal to that 

transported away, then the coastal section is said to be in dynamic equilibrium and the beaches 

are not subject to net erosion or accretion. 

Historical shoreline changes are usually analyzed using available maps, charts, aerial 

photography and profile information. Comparison of surveys shows that the shoreline of the 

Nile river has retreated off the delta promontories following the construction of the Low Aswan 

Dam at an annual rate of about 18 m / yr at the Rosetta branch. In contrast there has been a 

modest shoreline advance (accretion) of about 8 m / yr at the Gamasa outlet during the period 

1947 to 1965, (Kadib, 1969; Mobarek, 1972). The historical maps for Rosetta promontory 

allow for an analysis of shoreline changes back to 1800. During the period 1600 to 1898 

Rosetta promontory probably extended seaward about 8 or 9 km (Sestini, 1975). Figure 3.5 

demonstrates the historical shoreline changes of Rosetta promontory. The promontory 

extended 3.6 km (37 m / yr) between the surveys of 1806 and 1898, then remained nearly 

stationary from 1898 to 1909, or in other word the shoreline of Nile Delta was in a case of 

dynamic equilibrium stage. From the turn of this century to the present the seaward portion of 

the promontory has eroded at a progressively more rapid [<:lte. The erosion rates for the periods 
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Figure 3.5 
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Historical shorelines of Rosetta Promontory, (after Inman and Jenkins, 1984). 
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proceeding the surveys in 1926,1965,1973 and 1982 are 18, 20,125 and 211 m/yr, 

respectively (Figure 3.5). The "new" Rosetta Lighthouse which was 1 km inland in 1970, 

became an offshore island in 1976 (Nielsen, 1977; Khafagy et aI., 1981). 

The establishment in 1971 a series of beach profiles extending from Abu Quir Bay to east 

ofRas El Bar was an essential part of the erosion study. Repeated surveys along these profiles 

have proved to be the most effective means of monitoring the erosion. Comparison of beach 

profiles shows that the coastline has retreated of the delta promontories averaging 160 m/yr 

between 1971-1972 and 211 m/yrbetween 1973-1982 on the Rosetta branch, and 143 m/yr 

between 1943-1973 on the Damietta promontory (UNDP, 1973). 

3.2.4 Wave climate 

The large scale meteorological systems that give rise to the occurrence of waves along the 

Nile Delta coastline have been roughly studied. The cool season in the region of the Nile Delta 

extends from November to April; the wann season occurs between June and September; and 

May and October are transitional months with October generally accompanied by a very calm 

sea states. Storms, associated with moving depressions mainly following a W to NW path, 

occur regularly during the cool season. During the wann season a stable, wide Arabo-Bersion 

depression extends towards the eastern coasts of the Mediterranean Sea. The corresponding 

surface winds over the eastern Mediterranean blow mainly from the N to NW path during the 

period from mid of June to mid of September producing swell waves which reach the Nile 

Delta coast. The stonns may occur every 6 to 7 days and their centers are often fast moving, 

with migration velocities of 900 to 1000 km/day. This migration rate is comparable with the 

speed of the waves, causing the wave height to be enhanced. The waves typically have deep 

water height of 3 to 6 m and periods of 8 to 10 sec and sometimes up to 15 sec, (Inman and 

Jenkins, 1984). 

The nearshore wave data along the Nile Delta coast have been observed. From technical 

report presented by UNDP (1978) the available measured nearshore wave data around the Nile 
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Delta are summarized as (measurement depth ranged from 4m to 11m); 

(1) The frequency of occurrence of maximum, significant wave heights and wave 

periods measured at Abou Quir, Burullus, and Ras EI Bar wave observed stations is shown in 

Table 3.2. 

(2) Table 3.3 lists the maximum record significant wave heights at Abou Quir during the 

period 1970 through 1974, and its associated wave period and wind direction 

3) The maximum significant wave heights and periods during the stonns of 197211973 

are presented in Table 3.4. 

3.2.5 sediment 

Theoretical and measurernents of waves and longshore sediment transport 

show that the total rate of W[lg:snOJre sediment is proportional to the longshore component of 

flux. 

flux to be 

estimated the average annual water wave energy 

the Nile Delta coast the rate of longshore sediment 

varied. A refraction for 8 sec waves from N 600 W, the 

pn:~oomlnajrH wave '-" .. ,~ ..... 'Vu, is shown in Figure 3.6(a). In this figure the pronounced zones of 

wave convergence and nn.r<>r'rYp1rU'P are shown, which resulting in strong gradients of wave 

and breaker the coast. This means that the longshore sediment transport rate, 

is not constant but varies with distance the coast as shown in Figure 3.6(b). This 

variation in Qx results in areas of erosion and accretion along the Nile Delta coast. The rate of 

erosion and accretion are given by the gradient of the littoral drift a Qx / a x as shown in 

Figure 3.6(c). It is noted that positive values of a Q x / a x indicate erosion while negative 

values indicate accretion. Inman, Aubray and Pawka (1975) estimated the rates oflongshore 

sediment transport to be about 86 xl 04 m 3/yr move to the east near Rosetta and Damietta 

promontories, about 62 x 104 m3iyr at Burullus inlet, about 38 x 104 m3fyr on the westward 

facing beach between Rosetta and Burullus, and about 20 x I ()4 m3/yr on the eastward facing 

beach between Burullus and Damietta. 
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Table 3.2 Frequency of occurrence of wave height and period. 

% equal to Abou Quir Burullos Ras El Bar 

exceeding HI!3 Hmax T HI/3 Hmax T HI!3 Hmax T 

(em) (em) (sec) (em) (em) (sec) (em) (em) (sec) 

80 85 120 8.5 75 115 7.3 75 115 8.4 

50 95 135 8.7 105 148 8.2 105 135 9.0 

20 110 155 9.2 140 175 9.2 112 158 9.4 

Table 3.3 Maximum significant wave height, wave period and wind direction. 

Month/year H 1!3maX T Wind Direction 

(m) (sec) 

Sept 1971 1.47 10.2 NE 

Dec 1971 1.90 9.4 NE 

April 1972 2.04 8.0 NNW 

May 1972 0.82 7.7 NE 

June 1972 1.18 8.0 NNE 

Aug 1972 0.79 7.4 N 

Nov 1973 1.89 9.8 NNW 

Dec 1973 1.87 10.8 mv 
Feb 1974 I.S7 7.2 NE 
Mar 1974 1.41 7.1 NE 
April 1974 1.80 6.4 NE 

May 1974 0.68 6.5 NE 

Table 3.4 Maximum significant wave height and period during the storms. 

Name of storm H ln max Tmax 
(m) (sec) 

Waknassa 2.23 7.26 
Kasem 2.1S 7.23 
EI-Pida EI-Saghira 1.39 6.83 
Ras El Sanaa I.S8 6.S2 
EI Keram 1.847 8.78 
EI Shames EI Akhira 1.50 7.78 
EI Shames EI Kebera 2.13 6.79 
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3.3 River Deltas in Lake Biwa 

Lake Biwa, the largest lake in Japan, is located in the central of Honshu Island, in Shiga 

Prefecture at 340 58' - 350 31' Nand 1350 52' - 1360 17' E. The total surface area and total 

length of shoreline are 674 km2 and 235 km, respectively. The maximum water depth of the 

lake is 104 m. The total volume of the storage water is 27.5 x 109 m3, with an area of drainage 

basin of3,174 km2• 

Lake Biwa was born some five million years ago and is therefore one of the oldest lakes 

in the world, geologically. In ancient days the lake was called Ohmi Basin. The word "Ohmi" 

means a big, fresh body of water in old Japanese now Ohmi means the sea. While, the 

meaning of the word "Biwa" is an old musical instrument of Japan, similar to the mandolin. 

Lake Biwa, together with Mt. Fuji, has been a symbol of natural beauty for the Japanese, and 

still attracts many sightseers every year. The lake has been used largely as a water resource and 

for recreation and tourism. 

Some 460 streams of various sizes flow into the lake, but the Seta River is the only 

natural outlet flowing from the southern end of the lake. The Seta is a tributary of the Yodo 

River, which drains into the Seto Inland Sea of Japan at Osaka. In 1906, a dam was built at 

Uji, the uppermost end of Seta to control Lake Biwa water level and the river flux. 

The sediment of Lake Biwa basin consists of gravel, sand and clay, and is divided by 

forty layers of volcanic ash, carried from volcanically active areas in western Japan. The lake 

drainage basin is surrounded by mountain ranges about 1,000 m above sea level, and is 4.7 

times as wide as the lake itself. The asymmetrical basin occupied by the lake has steeper beach 

profiles on the western margin than on the eastern margin, as a result the river deltas located on 

the western margin are much narrower then these located on the eastern margin, (see Figure 

3.7). 

Among this large number of rivers flow into the lake, eight largest rivers are selected to 

be investigated. These rivers have big drainage areas and consequently big deltaic areas. Five 
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of the selected rivers located on the western margin of Lake Biwa, they are Ishida R., Ado R., 

Kamo R., Otani R. and Wani R., and three located on the eastern margin, they are Ane R., 

Inugami R, and Echi R., (see Figure 3.7). 

3.3.1 Estimation of river sediment discharge 

The water discharges of the selected rivers are analyzed from the twenty year recorded 

data from the period 1961 to 1981 presented by Local Office of the Ministry of Construction, 

Shiga Prefecture. From the disaster records of the Lake Biwa during the same period, the 

annual average number of floods has been deduced individually for each river. Using an 

empirical relationship between sediment discharge from river and water discharge proposed by 

Local Government Office of Shiga Prefecture with the associated tables, the rates of sediment 

input from the selected rivers have been estimated. Table 3.5 shows the estimated sediment 

discharge rates for the selected rivers. 

3.3.2 Sediment characteristics and beach profiles 

The sediment size typically varies along the coast of river delta. This variation is caused 

in part, by the influence of river sediment and by the littoral drift. The coarser materials are 

deposited in the vicinity of the river mouth area, while finer materials are transported by 

prevailing waves and currents, and deposited at a considerable distance from the river mouth. 

Shibano, Yamashita, Inoue, Tsuchiya (I985) sampled and analyzed the sediments along the 

western beach of Lake Biwa. These sampling data arc reanalyzed for the river deltas on the 

western margin of Lake Biwa in term of the medium sediment diameter, dso. 

Since river deltas in Lake Biwa were formed some thousand years ago, their beach 

profiles have been reached a stable shape which is so called equilibrium beach profile. Dean 

(1977) proposed a relationship for equilibrium beach profile as: 

h = A /13 (3.1) 

where h is the water depth, y is offshore coordinate (positive seaward), and A is shape 
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parameter which has a dimension of length to a power 1/3. Moore (1982) showed that the 

shape parameter A is correlated to the medium sediment diameter, d50. He found that as the 

sediment diameter increases, the beach slope becomes steeper. To verify this relationship the 

beach profiles along the selected river deltas were measured using the available contour maps. 

The analysis for each river individually will be shown in next portions. 

(1) Ishida river 

The Ishida river discharges out to the lake at the upper northwest side of the lake. It has a 

drainage area of about 53.6 km2 supplying annually 10.7 x 105 m3 of sediment. The analysis 

of the sediment samples shows that the medium sediment diameter, dso , along the delta coast is 

about 30 to 40 mm, which can be classified as a pebble or cobble. The beach profiles along the 

shoreline of the Ishida river delta were measured in the direction perpendicular to the shoreline. 

The longshore distance between the measuring beach profiles is about 100 m, see Figure 3.8. 

The results of measured beach profiles compared with the equilibrium beach profile 

formula are shown in Figure 3.9. A good agreement is seen between the measured and the 

computed equilibrium beach profiles. The beach slope at the river mouth is steeper than the one 

near the end of the river delt? The average beach slope changes from 1 / 20 - 1 / 10 up to water 

depth of 5 m to 1 / 10 - 1 / 5 up to water depth of 20 m, deeper that 20 m the beach shop 

becomes very steep. The measurements of beach slope are shown in Figure3.1 0, in which PI 

is the angle of beach slope up to 5 m water depth and P2 is the angle of beach slope up to 20 m 

water depth. The longshore variation in the value ofP 1 is small, which implies that the contour 

lines up to 5 m are nearly parallel to the shoreline. While the value ofP2 varies along the delta 

coast showing a bigger value at the river mouth and nearly constant one near the end of delta. 

The average beach slope at the river mouth is about 1/5 while near the river sides it is about 

1/30. Figure 3.11 demonstrates the longshore variation of the medium sediment diameter, d50, 

and the shape parameter A. The results of medium sediment diameter, d50 , show a scattering 

with a range of 30 to 40 mm which can be classified as a pebble or cobble. The disagreement 

between dsoand A is observed in this figure, this is probably because of the nature of Ishida 
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Figure 3.8 Points of measurement of beach profile along Ishida Delta coast. 
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Figure 3.9 Variation of beach profiles along Ishida Delta coast compared with Dean's 

relationship for equilibrium beach profile. 
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delta coast, which is rocky. It is noted also that the shape parameter A has a large value at the 

river mouth and small value near the sides, which agrees well with the above proposition that A 

is proportional to beach slope. 

( 2) Ado river 

The Ado river is one of the biggest rivers, it flows into the lake at the upper part of 

western margin. The drainage area of the Ado river is about 306.9 km 2 supplying annually 

about 92.07 x 105 m3 of sediment. The number of sediment samples which is collected by 

Shibano, Yamashita, Inoue and Tsuchiya (1985) is not enough to estimate the average 

sediment size 

interval 1 V"';'<' """V A 

the Ado delta coast. The beach profiles were measured at sections with 

distance of 1 00 m. The direction of measurements was perpendicularly to 

the shoreline, see 3.12. 

results of measured beach profiles with Dean's expression for equilibrium 

are shown in 3.13. The beach up 10m water depth is about 1-; 

20 - is about 1/ 5 - 1/10 up to 20 m water depth. Deeper than 20 m the beach slope 

becomes very steep. The variation of beach slope is shown in Figure 3. where 

the and the beach slope up to 10m and 20 m water depths, respectively. 

The results imply that the variation of the angle ~ 1 is less than the variation of the angle P2' The 

average beach slope at the mouth is about 115 and near the sides of the river it is about 

1120. The number of sediment samples along Ado delta coast is not sufficient to show a clear 

distribution of sediment size. 

(3) Kamo river 

The Kamo river is located southern of the Ado river and it has a drainage area of 43 krn2 

supplying of 8.6 x 105 m3 of sediment annually. Figure 3.15 shows the location of the 

measuring points of beach profile. The beach profiles were measured perpendicularly to the 

shoreline. The results of the measurements of beach profIle is shown in Figure 3.16, where the 

curves represent Dean's expression for equilibrium beach profIle and the symbols represent the 

measured values. A disagreement is seen bctween the measured and thc computed beach 
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profiles, which implies that the beach profile of the Kamo river has not yet reached equilibrium 

shape. In next subsection, it will be shown that the position of the Kamo river mouth has 

changed over time history. 

The longshore variation of beach slope is show in Figure 3.17, where the angles PI and 

P2 represent the beach slope up to 5 m and 10m water depths, respectively. The general trend 

shows that the angles PI and P2 increase at the river mouth and decrease near the sides. The 

average beach slope changes from about 1/ 10 at the river mouth to about 1/30 near the river 

sides. No sediment samples are available at Kamo delta coast. 

(4) Otani river 

The delta of the Otani river is relatively small, with the drainage area of 6.8 km2. It is 

located at the middle of the western margin of Lake Biwa. The annual average sediment 

discharge is about 1.1 x lOS m 3. The beach profiles were measured at sections with interval 

longshore distance of 50 m, see Figure 3.18. The beach profiles were measured 

perpendicularly to the shoreline. Figure 3.19 illustrates the comparison between the measured 

beach profiles and the computed one by Dean's expression for equilibrium beach profile. A 

good agreement is seen between the measured and the computed beach profiles near the sides 

of Otani delta, while loss agreement is seen between the measured and the computed beach 

profiles near the river mouth. 

The correlation between the sediment size represented by dso and the shape parameter A 

is demonstrated in Figure 3.20. The sediment size on the left side of the Otani river, which is 

about 1.5 to 2.5 mm, is relatively coarser than the sediment size on the right side of the river 

which is a fine sediment of 0.5 to 1.0 mm diameter. The measurements of beach slope 

represented by the angles PI and P2 for water depths up to 5 m and 15 m, respectively, are 

shown in Figure 3.21. A small variation of the angles Pi. and P2 is observed near the sides of 

Otani del ta, while at the river mouth the changes of P2 are larger than the changes ofP 1- The 

average beach slope at the river mouth is about 1/5 and near the sides of the river it is about 

1120. 
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Figure 3.16 Variation of beach profiles along Kamo Delta coast compared with Dean's 

relationship for equilibrium beach profile. 
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Figure 3.17 Variation of0 1 and O2 along Kamo Delta coast. 
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Figure 3.18 Points of measurement of beach profile along Otani Delta coast. 
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Figure 3.19 Variation of beach profiles along Otani Delta coast compared with Dean's 

relationship for equilibrium beach profile. 
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(5) Wani river 

The Wani river is located at the southwest side of the lake. The drainage area is about 

15.5 km2 supplying 3.1 x lOs m3 of sediment annually. The beach profiles were measured 

every 100 m interval distance along the Wani delta coast. The direction of measurements was 

perpendicularly to the shoreline, see Figure 3.22. The comparison between the measured beach 

profiles and the computed equilibrium profiles by Dean's expression is shown in Figure 3.23. 

A favorable agreement is seen between the measured· profiles and the computed one. Figure 

3.24 shows the longshore distribution of sediment size, represented by dso and the shape 

parameter A. Scattering of dso values indicate a disagreement with the shape parameter A. The 

range of sediment size is of 0.5 to 2.5 mm. The changes of beach slope alongshore ofWani 

delta are illustrated in Figure 3.25, where the angles PI and P2 represent the beach slope up to 

10 m and 20 m water depth, respectively. Although, the measured beach slopes show scattered 

values, the general trends of the angles increase at the river mouth and decrease near the end 

sides. The average beach slope at the river mouth is about 1/ 10 and near the river sides it is 

about 1/30. 

(6) Ane river 

The Ane river is the largest river of Lake Biwa. It flows out into the lake at the northeast 

side of the lake, with a drainage area of 369.0 km2 supplying about 110.7 x lOS m3 of 

sediment annually. Figure 3.26 shows the location of the measuring points where the beach 

profiles were measured perpendicularly to the shoreline. A good agreement between the 

measured beach profiles and the computed equilibrium profiles by Dean's expression is shown 

in Figure 3.27. The longshore variation of beach slope, represented by the angles PI and P2 

for water depths up to 10 m and 30 m, respectively, are shown in Figure 3.28. The average 

beach slope at the river mouth is about 1/10 and near the river end sides it is about 1/30. No 

sediment samples are available at Ane delta coast. 
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Figure 3.23 Variation of beach profiles along Wani Delta coast compared with Dean's 

relationship for equilibrium beach profile. 
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Figure 3.26 Points of measurement of beach profile along Ane Delta coast. 
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Figure 3.27 Variation of beach profile along Ane Delta coast compared with Dean's 

relationship for equilibrium beach profile. 
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(7) Inugami river 

The delta of the Inugami river is relatively small. The drainage area is about 104.7 km2 

supplying annually about 25 x 105 m3 of sediment. The longshore distance interval between 

measured beach profiles is about 100 m, where the beach profiles were measured perpendicular 

to the shoreline, see Figure 3.29. The measurements results of beach profiles are shown in 

Figure 3.30, where the estimated equilibrium profiles by Dean's expression are also shown in 

the figure. The less agreement shown between the measured and the computed beach profiles is 

not so good. The beach slope is vary along the Inugami delta coast with about 1/60 at the river 

mouth to about 1/75 near the end sides of the river. 

The Echi river rh~rh""rr,.,~c 

is about 202.3 

into the lake on the southeast side. The drainage area of the 

annually 50.6 x 105 m3 of sediment to the lake. The beach 

to the shoreline at interval alongshore of 100 m. The 

is shown in Figure 3.31. The comparison between the 

were measured pelr-penOJiCUlan 

location of the ".,..,"' .... .,.", ... 

measured beach profiles and the computed equilibrium profiles by Dean's expression is 

demonstrated in 3.32. A good agreement is seen between the measured and the 

computed beach profiles. The average beach slope at the river mouth is about 1/60 and near the 

end sides of the riveris about 11100. 

lt is obvious from the investigation of beach profiles and shoreline changes of the 

selected river deltas around the Lake Biwa that: 

(1) In general, the beach profiles of big river deltas have reached an equilibrium shape, 

since the deltas have been formed long time ago. Therefore, Dean's expression for equilibrium 

beach profile shows a good agreement with the measured values, such as the Ishida R., Ado 

R., Wani R., Ane R. and Echi R. 

(2) The beach profiles of relatively small river delta have not yet reached an equilibrium 

shape, and therefore Dean's expression shows a less agreement with the measured values, 

such as the Otani R. and Inugami R. 
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Figure 3.29 Points of measurement of beach profile along Inugami Delta coast. 
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Figure 3.30 Variation of beach profile along Inugami Delta coast compared with Dean's 

relationship for equilibrium beach profile. 
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Figure 3.32 Variation of beach profile along Echi Delta coast compared with Dean's 

relationship for equilibrium beach profile. 
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(3) In general, the average beach slope varies along the river delta beach, with a steeper 

slope at the river mouth and milder one near the end sides of the river delta. 

3.3.3 History of shoreline change 

The shoreline changes are usually analyzed using the available maps, charts, aerial 

photography and profile information. Figure 3.33 illustrates the shoreline changes along Ishida 

delta, Otani delta, Wani delta, Ane delta, Inugami delta and Echi delta. From this figure it is 

obvious that: 

(1) The comparison between two surveys performed in 1893 and 1962 for Ishida delta 

shows that the shoreline has slightly propagated in the north direction. 

(2) The development of Otani delta during the period 1893 to 1957 indicates that the 

shoreline near the river mouth has propagated at a faster rate than the shoreline at the end sides 

orthe river delta. 

(3) Comparison of two surveys performed in 1893 and 1956 ofWani delta shows that 

the shoreline has slightly advanced in the north direction. 

(4) The shoreline change of Ane delta of two surveys performed in 1893 and 1961 shows 

that the shoreline has been advanced at a faster rate at the river mouth than near the end sides of 

the river delta. 

(5) The propagation of the shoreline of Inugami delta during the period 1983 to 1961 

indicates that the delta has been advanced seaward with no change in river mouth position. 

(6) The configuration of Echi delta was analyzed using two surveys performed in 1893 

and 1959. It is observed that the shoreline on the left side has advanced at a faster rate than the 

right side. Asymmetric shape of delta is observed. 

The historical development of Ado delta for the period 1690 to 1975 is illustrated in 

Figure 3.34. It is observed that during the propagation of the shoreline of the delta the river 

mouth position has been propagated in a constant direction. The configuration of Kamo Delta 

was investigated and analyzed for a period 1893 to 1982. The shoreline changes are shown in 
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Figure 3.33 Shoreline changes along the river delta areas of Ishida River, Otani River, Wani 

River, Ane River, Inugami River, and Echi River. 
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Figure 3.34 Historical changes in shoreline of Ado River Delta, (after Tsuchiya et a1., 1985). 
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Figure 3.35 Historical changes in shoreline of Kamo River Delta, (after Tsuchiya et a1., 

1985). 
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Figure 3.35, it is observed that the position of the river mouth was changed during the 

propagation ofthe delta shoreline. 

3.3.4 Wave climate 

Climatically Lake Biwa basin can be subdivided into two parts, a northern half down to 

about the Echi river, and a southern half which resembles the Inland sea regions. In winter a 

.. <:·:strong northwest monsoon blows over the northern half, giving gray, overcast, snowy 

weather, of sea coast in this season. While, over the southern half the 

precipitation not much more than half what it is over the northern half. The predominant 

wind direction is '-'H<Ulp;,,,a'UA'-' the year. In winter the predominant direction is NNW 

while in summer shows monthly record of ... ".-&.ri£',,,.,...., ... '>nt wind direction, 

of 1921- observed at Ibuki mountain, located on the northeast side with during the 

1377 m 

1.,ake Biwa. 

above sea level and at ..... ,,~'V .. ~. located near Inugami river on the eastern side of 

Waves are observed at three locations around the Lake Biwa; 1) at Haginohama beach, 

located in the middle of the western side of Lake Biwa, 2) at Nagahama Wave Observation, 

located near Ane river at eastern side of the and 3) at Hikone Aisei Wave Observation, 

located in the middle between 

maximum significant wave 

Inugami river and the Echi river. The annual changes in 

at Haginohama beach during the period 1950 through 1981, 

and its associated wave period and wind direction are shown in Figure 3.36. Figure 3.37 

demonstrates the annual changes in maximum significant wave heights at Haginohama beach 

during the period 1950 through 1981 classified by wind directions. The maximum significant 

wave height, periods, and wind directions during the storms between March and November 

1975 observed at Hikone Aisei Wave Observation are presented in Table 3.7. Figure 3.38 

illustrates the changes in significant wave height at Hikone Aisei and Nagahama Wave 

Observations during the period 1895 through 1975. From the above records it is noted that the 

significant wave height is about 0.5 to 1.5 m and wave period is about 4 sec. 
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Table 3.6 Monthly recorded of predominant wind direction in Lake Biwa. 

month 
location 1 2 3 4 5 6 7 8 9 10 11 12 

Ibaki NNW NNW NN\V NNW NNW SE SE SE SE NNW NNW NNW 

Hikone NW NW NW NW N N N SE N NNW mv S 

Table 3.7 Maximum significant wave height, period and wind direction during the storms. 

date time HI/3 T 1/3 wind dir. 

(m) (sec) 

3.21 14:00 0.719 3.24 NW 
3.24 1:00 1.217 3.00 NNW 
3.25 13:26 0.575 2.60 NNW 
4.03 3:00 0.870 2.67 NW 
4.08 23:00 1.108 3.00 N 

10.05 13:00 0.915 3.19 NNW 
10.05 14:00 0.906 3.40 NNW 
10.05 15:00 0.898 3.33 N 
10.05 16:00 1.146 3.80 N 
10.05 17:00 1.100 3.77 N 
10.05 18:00 1.010 3.66 N 
10.08 13:00 0.781 3.04 NW 
10.08 20:00 0.540 2.67 NNW 
10.09 16:00 0.441 2.35 N 
10.10 15:00 0.512 2.67 NNW 
10.13 2:00 0.497 2.58 NW 
10.13 18:00 0.591 2.56 W 
10.14 16:00 0.614 2.67 NW 
10.15 3:00 0.874 3.30 
10.21 19:00 0.788 3.21 N 
10.25 9:00 0.745 2.94 NNW 
10.25 16:00 0.736 2.95 N 
10.26 17:00 0.483 2.40 NW 
10.30 10:00 1.122 3.65 NNW 
10.30 13:00 0.996 3.45 NNW 
11.02 19:00 0.607 3.18 NNW 
11.03 8:00 0.650 3.09 N 
11.03 17:00 0.965 3.47 NNW 
11.09 13:00 1.256 3.81 NNW 
11. 10 0:00 0.864 3.15 N 
I 1. 11 17:00 0.483 2.40 NW 
II. 19 20:00 0.999 3.65 NNW 
11.20 0:00 0.938 3.50 NNW 
11.23 22:00 0.862 3.17 NW 
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Figure 3.37 Annual changes in maximum significant wave height classified by wind 

direction at Haginohama. 
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Figure 3.38 Annual changes in significant wave height observed at Hikone Aisei and 

Nagahama wave observation. 
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3.4.2 Previous work of one-Hne 

Pe1nard-Consid6re (1956) was the first to PtTInlf'1.'I.' mathematical modeling as a method 

of describing shoreline evolution. He introduced the so-call "One-Line" theory and verified 

its applicability with laboratory experiments. He then derived analytical solutions of diffusion 

type equation for three different boundary conditions: the shoreline evolution updrift of a 

groin (with and without bypassing) and the release of an instantaneous plane source of sand 

on the beach. 

Grijm (1961) studied formation of the river delta. In the longshore sediment transport 

equation discussed in his article, the rate of longshore sediment transport was assumed to be 

proportional to twice the incident breaking wave angle to the shoreline. Only solutions which 

were similar in shape during the course of time are discussed. Two different analytical 

solutions are presented: one for which both the incident breaking wave angle and the 

shoreline orientation angle are small and one for which the wave angle is small in comparison 

with the shoreline orientation. The governing equations (longshore sediment transport and 

f'r.,·,t''''''':;c/1!' of sediment tra:nsr~ort 

(1964) further 

formations. 

are ","v,,",,"p,,,,,,,,,.rI in coordinates and solved numerically. 

this leCnnlQUle and a wide range of delta 

Le Mehaute and Brebner (1961) discussed solutions shoreline change at groins, 

with and without bypassing of sand, and the effect of sudden dumping of material at a given 

point. Most of the solutions were previously derived by Pelnard-Considere (1956), but they 

are more precisely presented in Le M6haute and Brebner's work, especially regarding 

geometric aspects of the shoreline change. The decay of an oscillating shoreline and the 

equilibrium shape of the shoreline between two headlands are treated. 

Bakker and Edelman (1964) treated the shape of river delta by modifying the equation 

oflongshore sediment transport rate to allow for an analytical treatment without linearization. 

Their solutions are more or less similar to Grijm. Komar (1973) also presented numerically 
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solutions of delta growth under highly simplified conditions. 

Bakker (1968) extended the one-line theory to include two lines to describe beach 

planform change. The beach profile is divided into two parts, one relating to shoreline 

movement and one to movement of an offshore contour. The two lines in the model are 

represented by a system of two differential equations which are coupled through a term 

describing cross-shore transport. According to Bakker (1968), the cross-shore transport rate 

depends on the steepness of the beach profile; a steep profile implies offshore sand transport; 

and a gently sloping profile implies onshore sand transport. The analytical solutions of the 

two-line theory are not included in the present study. 

Tsuchiya (1 derived analytical solutions for predicting shoreline changes around 

river mouths. expressing sediment from a river by Dirac's delta function, he 

could produced a modified model for the one-line theory. Tsuchiya and Yasuda (1979) 

further extended the solutions for predicting shoreline changes around groin and 

river delta introducing a new formulation for the rate oflongshore sediment transport. In 

this study an extension of this fonnulation is made to include the non-unifonnity of the 

longshore sediment transport. They also discussed analytical solutions for shoreline changes 

for a groin of finite length, in which a part of longshore sediment transport is entrapped, and 

for a river delta, of which the rate of sediment input from a river is varied. 

Le Mehaute and Soldate (1979) presented a brief literature survey on the subject of 

mathematical modeling of shoreline evolution. Analytical solutions of the linearized equation 

of shoreline change are discussed along with the dispersion of sediment in a rectangular 

beach fill. A numerical model is derived which includes the variation in sea level, wave 

refraction and diffraction, rip currents, and the effects of coastal structures in connection with 

long-term shoreline evolution. 

The most complete summary of analytical solutions to the sediment transport equation 

has been made by Walton and Chiu (1979). Two derivations of the continuty equation of 

sediment transport are presented. The differences between these two approaches, which both 
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arrive at the diffusion "''1 .... : .. JlVUO::>, are that one ~n1''\rn~~rh uses the Coastal tnguleenolg 

Research Center (CERC) formula for the sediment transport rate 

wave action and the other uses the formula derived by Dean (1973) based on the assumption 

that the majority of sediment transport occurs as suspended load. Consequently, most 

analytical solutions in the literature were present~d by Walton and Chiu ( 

Additional solutions concern beach nourishment in connection with various shoreline 

"'HIC'~"''''. New solutions derived by Walton and Chiu (1979) treat beach fill in a triangular 

shape, a rectangular gap in a beach, and a semi-infinite rectangular fill. Dean (1984) gives a 

brief survey of some solutions applicable to beach nourishment calculations, especially in the 

form of characteristic quantities describing loss percentages. One solution describes the 

shoreline change between two groins initially filled with sand. 

Recently, Hanson and Larson (I 987) proposed an analytical solution and two different 

numerical formulations. A comparison between these two solutions has been made based on 

the capabilities and limitations of each method through the study of shoreline evolution for a 

simple shoreline/ stru<;ture configuration underideaHzed wave conditions. 

In summary, the assumptions which comprise the :one-line are given as :folIpws; l}The 

beach profile moves parallel to itself, 2) Longshore sediment transport takes place uniformly 

over the beach profile down to the limited depth of littoral drift, hk' 3) Details of nearshore 

circulation are neglected and the longshore sediment rate is proportional to the breaking 

wave properties. 

3.5 Analytical Solutions of River Delta Formation 

In the previous section the fundamentals of one-line theory were discussed. The 

fundamental assumption of the theory, which is that the beach profile does not change, is 

limited when it is applied to predicate the shoreline evolution of river deltas, especially for a 

river-dominated delta type. However, the shoreline evolution of the river delta can be 
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predicted analytically with the aid of the one-Hne theory, which gives a rapidly and 

economically estimation of shoreline evolution with a reasonable accuracy. In this section the 

effect of beach slope variation along the delta coast on the configuration of river deltas is 

considered. The analytical solutions proposed in this section are derived either from Carslaw 

and Jaeger (1956) solution or by the Laplace transform technique. The details of each 

solution is discussed in the following subsections. 

3.5.1 Basic equations 

The two basic equations for the prediction of shoreline changes are given as; the 

continuity equation of sediment transport for long time variation and an expression for the 

totaL rate oflongshore sediment transport. 

(1) Continuity equation of sediment transport 

Iwagaki (1966) considered a control volume of sediment and fonnulated a mass balance 

dUJ:ing,an infinitesimal intewaI of timete derive';~mequation:of continuity of sediment 

transport. For long-time variation, Tsuchiya (1973, 1978) modified this equation by 

expressing the sediment input from a river by Dirac's delta function and considering the 

concept of one-line theory. The continuity equation of sediment transport is finally expressed 

as : 

ayo aQx 
--+------ -
a t (I -A) ~ ax 

(3.2) 

in which Yo is the shoreline position, x is the longshore direction, t is the time, A is the 

correction factor for the pore space of beach sediment (approximately 0.4 for most beach 

deposits), hk is the limited depth of sediment motion, Qx is the total rate of longshore 

sediment transport, and S(x - xo) is the delta function defined by Dirac for sediment source 

from a river QR (t) at x=xo. In order to solve Eq. 0.2) it is necessary to specify an 

expression for predicting the total rate of longshore sediment transport, Qx' 
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(2) Longshore sediment transport rate 

In Chapter 2, a new theory for the non-uniformity of longshore currents and the 

non-uniformity of the total rate of longshore sediment transport is presented. The expression 

for the total rate oflongshore sediment transport is rewritten, Eq. (2.68), as: 

Co P I 2 
Q = - (-) (R, F ) hb U 0 

x m (J r 
(3.3) 

in which the function I(R,Fr) includes the effect of wave properties and some effects of 

sediment size. The non-unifonn longshore current Uo is given by Eq. (2.48) as: 

(3.4) 

and 

(3.5 ) 

in which the coefficients (1i and Pi, i= 1, 2, 3, are the integration coefficients expressed in 

detail in Chapter 2. Now we have a set of simultaneous equations, Eqs. (3.2), (3.3) and 

(3.4) which are the basic equations for the evolution of shoreline changes of a river delta. 

The next subsections deal with the solutions of these equations with various initial and 

boundary conditions. 

3.5.2 Linearization of longshore sediment transport rate 

The total rate oflongshore sediment transport expressed by Eq. (3.3) is proportional to 

the breaking wave height and to the non-uniform longshore current velocity Uo. In order to 

obtain a closed-form solution of shoreline change a simple formulation for the total rate of 

longshore sediment transport must be applied. The Hnearization of the total rate of longshore 

sediment transport is made by neglecting the nonlinear terms in Eq. (3.4) to arrive at: 
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p 
= c (-) ) 

(1 

in which (3.7) 

ImI)UClUV pro1p{)lrUonal to twice the incident ..... "', ... .," ....... wave to the 

shoreline bealch~~s with mild 

assum ed that the shoreline DrOldu(~e small cnalng~es in the 

wave U'Vj,,,,U." lOflQ:s.hoJre sediment traltlSplort can be 

apI)ro:x:mlat(~d to first order as: 

( ) + ............ . 

in denotes the sediment transport at the initial wave 

... ""r'"'''''',,,,r>''' to the above assiunmtiofllS, the small 

rn<;:linn-,o.C! in the be extlressed mathematialUy 

=6m 

Introducing Eqs. (3.9) and to Eq. the following equation is derived as: 

(3.11) 

where 

(3.12) 
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qR(t) = --~ QR(t) 

B hk 

(3.13) 

(3.14) 

Equation (3.11) is identical to the one-dimensional equation described as a linear partial 

differential equation. The coefficient (2 which has the dimensions of length squared over 

time, is interpreted as a diffusion coefficient. While the coefficient (1' having the dimension 

of length over time, is interpreted as the traveling speed of shoreline towards the longshore 

direction. In Eq. {3.12) it is clearly seen that the coefficient (1 is proportional to the change in 

beach slope, denoted by ~. Thus, the coefficient (1 can not be ignored when the beach 

slope is changeable along the delta coast, as in the case of river-dominated delta type where 

the beach slope at the river mouth is steeper than the beach slope at the end sides of the river. 

In fact, the one-line theory assumption of a beach profile which moves paral1el to itself 

is limited when it is applied to the formation of a river delta of a river-dominated type, where 

the beach slope at the river mouth is much steeper than the beach slope at the end side of river 

delta. Moreover, the coefficient (1 causes an asymmetrical configuration of the river delta 

when obliquely incident waves approach the beach. The degree of the asymmetrical 

configuration of the river delta increases with the increasing of the incident wave angle. On 

the contrary, when the shoreline gently changes along the delta coast and the waves approach 

the beach normally, the coefficient (I becomes very small and can be neglected. In other 

words, when a river delta is categorized as a wave-dominated type, the coefficient (1 is very 

small and Eq. (3.11) will reduce to a di ffusion type equation which has a symmetrical 

so1ution for the evolution of the river delta. The linear partial differential equation presented 

by Eq. (3.10 can be transformed to the diffusion type equation by substitution 

(2 

Y = z exp [ x - _1_ t ] 
o 0 2( 4( 

(3.15) 

2 2 

into Eq. (3.11), to show 
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8 82 ~ 
_ ZO = ~ Zo (<:.. 

<:.. + q (t) 8 ( x - x ) expo [ - _1_ X + _1_ t J 
at 2 8 x2 R 0 2 ( 4 ( 

2 2 

(3. 16) 

By specifying initial and boundary conditions in the areas which represent conditions 

prevailing in a specific shoreline evolution situation, the corresponding analytical solutions 

are directly applicable. Carslaw and Jaeger (1956) provided many solutions of the diffusion 

type equation. The analytical solutions discussed here are derived either from Carslaw and 

Jaeger .or by direct applying the Laplace transform technique. The details of each solution is 

described in the following subsections. 

3.5.3 General formal solution of river delta formation 

The basic differential equation to solve is Eq. (3.11), together with the associated initial 

and boundary conditions. An infinitely long beach exposed to waves of constant properties is 

assumed. If the river mouth is small in comparison to the area into which it is discharging 

sediment, the river discharge may be approximated as a point source. Also, if the shoreline 

shape at time t ::= 0 is described by a function f(x), thus the general fOlmal solution of river 

delta formation can be expressed (according to, Carslaw and Jaeger, 1959) as: 

and 

E (2 

yo (x , t ) = Zo ( x , t) exp [_1_ X - _1_ tJ 
2E 4( 

for t > 0 and _00 < x < 00 (3.18) 

2 2 

where the shoreline position, denoted by Yo' is a function of x and t. The quantity t' is a 

dummy integration variable. Consequently, the configuration of the shoreline of river delta 

can be determined ifEq. (3. I 7) is evaluated.The simplifying analytical solutions for various 

river delta configurations arc derive mostly from using Eq. (3.17) as well as Laplace 

transfonn technique. 
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3.5.4 Configuration of river delta of infinite length 

Since the wave is assumed nonnally incident the configuration of river delta will be 

symmetrical with respect to the point source. If the river delta is exposed to a strong wave 

field, wave-dominated, the shoreline will be change gently along the delta coast. Therefore 

the coefficient (1 becomes very small and can be neglected. When the river sediment 

discharge is constant being qR01 the solution derived from Eq. (3.17) is given as: 

for t> 0 and _00 < x < 00 (3.19) 

where ierfc denotes the integral of the complementary error function erfc which is 

expressed as: 

00 

ierfc w = f err S 
W 

(3.20) 

In Figure 3.39 the solution to Eq. (3.l9) is illustrated. The shoreline position is 

nonnalized by the limiting depth of littoral drift, hk' and the ratio hk qRO/(21 while the 

longshore distance is nonnalized by hk. Since the configuration of river delta is symmetric, 

only half of the delta shape is presented in Figure 3.39. The quantity used to nonnalize the 

shoreline position is expressed as: 

E 
2 

(B Q (Bab ) 
x a 

bo 

(3.21) 

This quantity can be interpreted as a ratio between sediment discharge from the river 

and the derivative of longshore sediment transport rate to the breaking wave angle. The time 

required for the delta to reach a certain distance Yo from the original shoreline position is 

calcu1ated from the following relationship: 

Yo ( t ) = hk qRo J t 
( IT 

2 

for t> 0 and (x - x ) = 0 o 
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Figure 3.39 Shoreline evolution of symmetrical configuration of infinite length. 
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Equation (3.22) is illustrated in the nondimensional diagI'am of Figure 3.40. For a 

specific Wave climate, the above relation implies thalan Increa-se 1n the nve'rsedifuent 

discharge has a proportiona:te'ffec'ton the growth ofine aeItaaccordilIg to ffi.e following 

relation: 

(3.23) 

Here, the indites 1 and 2 refer to two different river sediment discharge conditions exposed 

to the same wave climate. 

3.5.5 Configuration of river delta of finite river mouth 

If the river mouth has a finite width in comparison to the area into which it is 

discharging sediment, an approximation by a point source is no longer accurate. Instead of 

supplying sediment to the beach via the delta function, the continuity equation of sediment 

transport will be applied twice, once over the river mouth where qRo is assumed a uniformly 

distributed along the river mouth of a length 2a, and once outside the river mouth where qRo 

is no longer been considered. Mathematically, the situation is expressed as: 

a YO} = 
2 a YOl - a :::; x S a C ---+ qRo; at 2 
ax 

2 
(3.24) 

and 

a Y02 
2 

E 
a Y02 

Ixl> a 
at 

--- j 

2 
ax 

2 
(3.25) 

Since the configuration is symmetric with respect to the center of the river mouth, only 

half of the proble~ domain will be treated. The boundary conditions are no sediment 

transport through the center of the river (symmetry), and the beach must be continuous at all 

times between the two areas. Furthermore, the shoreline is unaffected by the river sediment 

discharge as x approaches infinity. According to Carslaw and Jaeger (1959), the solution is 
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Figure 3.41 Shoreline evolution of symmetrical configuration of river delta of fmite 

mouth. 
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Figure 3.42 Relationship between a longshore distance B, where shoreline position is half of 

maximum value at the center of river mouth, and ratio between river sediment 

discharge and wave power. 
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the delta will be classified as wave-dominated type and the delta plane shape will be gently 

mild with a small shoreline gradient, \ayolax\, and 3) for a specific ratio QRO /WE' the 

distance B decreases with increasing the time t, which implies that the rate of deposited 

sediment around the river mouth increases with time. 

3.5.6 Asymmetric configuration of river delta 

In the previous analytical solutions the waves always approach the delta coast normally, 

and therefore the configurations of river delta are always symmetrical. When the waves 

approach the delta coast obliquely, the expected shape of the delta will be asymmetric. 

Consider the case where a river mouth with finite width, the continuity equation of sediment 

transport in the full form of Eq. (3.11) is applied as: 

2 
a YOI = a YOl a YOl 

- £ -- + £ --- + qRo; - a ~ x ~ a at 1 a x 2 a x2 

and 

2 
aY02 a Y02 

-£--+£--' \xl>a 
1 ax 2 2' ax 

with the initial condition 

Y 01 (x, 0) = Y 02 (x ,0) 

and the boundary conditions 

a Y02 ax- 0; at x - 00 

at x = a 

(3.30) 

(3.31) 

(3.32) 

(3.33) 

(3.34) 

The problem consists of two coupled partial di fferential equations with appropriate 

initial and boundary conditions. By introducing the expression given by Eq. (3.15), Eqs. 

(3.30) and (3.31) will be transformed to the diffusion type equations and are expressed as: 
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a ZOI = 
2 

£ £2 a ZOI 
£ --+ qRO exp [ - _1_ x' + _1_ t ] ; - a S X S a 

at 2 
ax

2 
2£ 4£ 

2 2 

(3.35) 

and 

aZ
02 

2 

( 
a z02 

I xl> a -- ; 
at 2 

a x
2 

(3.36) 

with the initial condition 

zOI (x, 0) = Z02 (x ,0 ) (3.37) 

and the boundary conditions 

a 
Z02 = o~ = 0 ; at x _ 00 

x 
(3.38) 

at = a (3.39) 

In order to solve the problem with the amJronnate initial and boundary conditions, the 

Laplace transfonn technique is applied. This teclmlQUte is powerful for solving linear partial 

differential equations. It allows the target partial differential equation in the transfonned plane 

to be used for solving one-dimensional problems in space. By using the Laplace transfonn 

technique, ordinary linear differential equations are obtained as : 

d
2

W 
~W 

£ 
1 [- _1_ x] - a,S x:::;; a (3.40) --- qRo exp 

d x2 I 
C 

[2 14 £ )2 
2£ 

2 C (s- 2 

2 1 2 

d
2

W 
~W 2 O· Ixl > a (3.41) ---

2 2 
, 

dx £ 
2 

where the function W denotes the Laplace transfonned function of zo, and 1, 2 refer to 

the two applied areas. The function W is defined by the operation: 

w = L { zo} = J Zo ( x , t) e - s t dt 

o 

The boundary conditions are transformed as; 
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0, ° ; at x - 00 

aW
2 

ax;atx=a 

The general solution for the ordinary linear differential equations is 

where 
s 

£ 
2 

(3.43) 

(3.44) 

-aSxSa (3.45) 

(3.46) 

(3.47) 

The coefficients C b C2, D 1 and D2 must be determined from the boundary conditions Eqs. 

(3.43) and (3.44), and they are in general, functions of the parameter s. To obtain a solution 

in the time domain, Eqs (3.45) and (3.46) must be inverse transforms. This can be 

accomplished using tables of known transforms (see, for example, Abramowitz and Stegun 

1972; and Kreyszig, 1983). The solution to Eqs. (3.35) and (3.36) is then performed as: 

2 a- x 2 a+x 
1 - 2 i erfe ( ) - 2 i erfe ( ---

2[St 210 
2£ 3 x-a 

£ £2 + _1 i erfe( __ _ 

ZOI (x, t) = qRO t exp[ - -:-x+ 4~ tJ £2 2[0 (3.4 8) 

2 2 

for t > 0 and 0 s I x I sa, and 
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2 x- a 2 x+ a 
. i erfc ( f0) - i erfe ([0. ) 

2 £ t 2 £ t 
2 . 2 

£ r2 
Z02 (X , t) = 2 ~) t exp [ - -1. x + _1_ t] 

£ 4£ 

£ 3 x- a 
+ _1_ i erf e ( ) 

£2 20· (3.49) 

2 2 

f0ilf t > 0 and I x I > a, 

in which the funcHoD. ierf;c represents the integral of the complementary error function and 

the superscript nunmber denotes the number of integration. An expression is given by Eq. 

((3L29) f0){" n tirru! ~nf,PCTr~t1;,,,,",,, of the complementary error function. Substitution of Eq. 

~3L16) imtoEqs. (3.48) and the solution to Eqs. (3.30) and (3.31) is obtained as: 

(3.50) 

where 
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2 x-a 2 x+a 
i erfc ( ) - i erfc ( F,t) 

2J;; 2 [t ~ ~2l 2 

F 1 (X, t ) = 2 qRo t 
[3 x- a 

+ _1 i erfc{ ) 

[2 2F,t 
(3.51) 

£1 3 X + a [ 
- - i erfc ( F,t) exp (- -.L a) 

[ 2 [t [ 
222 

and 

F 2 (X, t) = qRO t (3.52) 

2 [1 .3 X + a [ 
- - 1 erfc ( F,t) exp (- i a ) 

[ 2 C'" t [ 
2 (..2 2 

The solution to Eq. (3.50) is illustrated in Figure 3.43, in which the non-dimensional 

quantity describing the shoreline position is defined by: 

y [ i= -0 __ 2_ 
o a 2a qRo 

(3.53) 

The asymmetric shape of the delta is clearly seen in this figure. The non-dimensional quantity 

describing the effect of beach slope change and oblique wave incident on the configuration 

of river delta is defined according to [, aI[2' figure 3.44 demonstrates the effect of the 

quantity [1M2 on the configuration of river delta. It is clearly seen that the configuration of 

river delta becomes asymmetric when E1a.k2 is greater than zero. The degree of asymmetrical 

configuration of the river delta becomes highly significant as the quantity [laI[2 increases, 

which implies that as the incident wave angle increases, the asymmetrical configuration of 

the river delta becomes significantly remarkable. Also, it is obvious from Figure 3.44 that the 

shoreline gradient, lay/ax!, becomes larger with increasing [I al [2 which means that 
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increasing the rate of beach slope change along the river delta causes the shape of river delta 

to be sharply fonned. 

The effect of the quantity E1a/E2 on the growth of delta at the center of the river mouth 

is shown in Figure 3.45. From this figure it is obvious that; 1) the shoreline position at the 

center of the river mouth increases with increasing Ela/E21 and 2) as Ela/E2 increases, the 

rate of delta growth at the center of the river mouth becomes nearly constant. 
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Figure 3.45 Effect of quantity c, I a/ C,2 on the time variation of shoreline position at the 

center of river mouth. 
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3.6 Experimental Study'on Formation Process of River Deltas 

The formation process of river deltas is controlled by the' interaction between two main 

forces; river sediment discharge and wave power. If the rate of sediment deposition from the 

river is greater than the rate of sediment removal by the longshore currents, the formation 

process of river delta will take place. In contrast with that, if the rate of sediment deposition 

from the river is less than the rate of sediment removal by the longshore currents, beach 

erosion occurs and reduction of river delta will be remarkable. 

The time scale for beach change of river deltas is on order of 100 years, therefore the 

seasonal changes of beach profile shape and shoreline positions during severe storms will not 

be considered when studying the process of formation of river deltas. In fact, the beach 

profile often returns to its pre-storm shape in a short time, after the storm has passed, 

typically on order of weeks. In contrast, imbalances in the longshore sediment transport rate 

cause a more gradual and permanent change in the beach plainform. 

The main objectives of this experimental study are, to demonstrate. the process of 

formation of river deltas, to determine the change of beach profiles along the shoreline of 

river delta, to verify the relationship between shoreline position and cross-sectional area of 

beach profile, and finally to study effect of oblique wave incident on the symmetrical 

configuration of the river delta, and on the formation process of river deltas. 

3.6.1 Methods of modeling a river sediment discharge 

In the hydraulic experiments modeling of river sediment discharge is not an easy task. 

Befo,re the experiments on river delta formation can be carried out, the alternative methods for 

modeling a river sediment discharge should be examined, showing the advantage and 

disadvantage of every method. Finally, the most appropriate modeling method must be 

determined. There are three main methods to model river sediment discharge. One method 

deals with supplying water and sediment by using a channel, the other two methods deal with 
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supplying a dry sediment as a point source and as a line source. The details of each method 

are discussed as follows: 

(1) Method of supplying water and sediment 

In trying to copy nature, where the actual river flows out water carrying sediment, the 

most appropriate method is to construct a channel in which the water is pumped with 

sediment and discharged into the wave basin. To have clear understanding of this method, 

many factors must be considered, with discussing the effect of each factor on the formation 

process of river deltas and on the experimental conditions. These factors are summarized as 

follows: 

1) Effect of stream velocity: In a case of high stream velocity the sediment is discharged and 

deposited out of the surf zone where the effect of longshore current is minor; resulting in 

formation of curved bars backward by time to connect the initial shoreline. The 

configuration of this river due to river action) while the incoming waves will 

cause a shifting of the deformed or to the left depending on the direction of 

the incident waves. Accordingly, it is that due to the strong water discharge, the river 

delta shape is so far called a fan shape river delta, and therefore, the scale and position of the 

alluvial fan are very unstable and severely change with time. On the contrary in a case of low 

velocity the sediment is deposited near the upper most end of a channel, resulting in closing 

a channel and no more sediment is assistance to form a river delta shape. So that, there is a 

critical range for the stream velocity in which, the stream velocity is able to carry sediment 

and deposit it within the surfzone. 

2) Effect of additional water from river: It is clearly shown that the velocity of the discharged 

water affects the formation process of river delta, which should be taken into consideration 

when this method is considered. Another factor that should not be ignored the additional 

amount of water entering the wave basin which strongly affects the characteristics of the 

incoming waves via changing the water level in the wave basin. The solution to this problem 

is quite easy, just by discharging the same amount of water in order to keep a constant water 
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level in the basin. 

3) Characteristics of sediment particles and rate of river sediment discharge: A sediment 

particle under the action of flowing water takes either a state of repose or a movement in 

accordance with the degree of fluid force to the resistant force of the particle. In a moving 

state, which is classified as either suspension or traction such as rolling, sliding and saltating, 

the sediment particle movement is determined by the critical shear velocity u*c 1 which 

corresponds to the threshold condition of sediment movement. Generally, u*c can be 

predicted by Shield's diagram. The sediment particle diameter is proportional to ·critical shear 

velocity and falling velocity. The particles whose falling velocities are smaller than the critical 

shear velocities will be kept in suspension, the other particles whose falling velocities are 

larger than the critical shear velocities will be deposited onto the channel bed. 

The rate of sediment discharge can be controlled by using a sediment feeding system 

with a motor controlling device. If the rate of sediment discharge is larger than the rate of the 

sediment removal by wave action, the sediment will deposit at the river mouth and will 

accelerate the stream velocity causing a deposition of sediment on the channel bed behind the 

river mouth. On the contrary, if the rate of sediment discharge is smaller than the rate of 

sediment removal by wave action, no delta is formed and all sediment particles are carried 

away. 

(2) Methods of supplying dry sediment 

Since the sediment discharge from the river is responsible for building up a delta, and 

in order to avoid the effect of water discharge on the process of formation of river delta, we 

will consider the use ofa dry sediment supplement. Although,· it may be easy to model a river 

via dry sediment, rather than using water and sediment, some problems appear. Generally, 

there are two methods to model river sediment discharge using dry sediment only, they are: 

the point source method and the line source method. In both methods, the motor controlled 

sediment feeding is used to supply sediment at a constant rate. The main different between 

the two methods is the way of distributing the sediment over the deltaic area. The detail of 
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these two methods is discussed in next subsections. 

1) First method (Supplying sediment as a point source): As indicated by the name of the 

method, the sediment is supplied at a single point, which agrees with the assumption that the 

river mouth width is very small compared with the finite length of the shoreline. Now, some 

questions arise, these questions are summarized as follows; 1) where is the best position for 

the point source? and why?, 2) which is better, to fix the position of point source or to 

move it, as the shoreline propagates? and why?, and finally 3) if it is moving, what is the 

rate of that movement? 

For the first question, there are three possible positions for the point source, these 

positions are: 1) at the shoreline, 2) within surf zone and 3) outside surf zone. The choice of 

point source to be located at the shoreline makes the sediment accumulate resulting in the 

formation of a small hilL This at shoreline the longshore current velocity too 

weak to carry the sediment From the fact that the longshore currents are stronger 

inside the surf zone, the point source must within the surf zone. If the point source 

is chosen to be outside the the lOnlgSlnOI"e currents are enabled to carry the sediment 

particles, sufficiently. As a result, a bar will form. Generally speaking, it is 

therefore suggested, that the position of the point source to be at the location of the maximum 

value oflongshore sediment which is just shoreward of the breaker line. 

Generally, when a river delta shoreline is formed and propagates seaward, the breaker 

line moves seaward in a similar way. Therefore, the answer for the second and third 

questions is to move the position of the point source seaward at the same rate as the 

propagation of the shoreline of river delta. The rule of thumb is to keep the position of the 

point source at the location of maximum longshore sediment transport, which is just 

shoreward the breaker line. 

(2) Second method (Supplying sediment as a line source): From the point of view of the 

shape of the cross-shore distribution of longshore sediment transport, which reaches a 

maximum value shoreward the breaker line, a line source method is proposed. The line 
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· source consists of holes of different diameters, in which the sediment is discharged overthe 

surf zone in distribution shape similar to distribution shape of longshore sediment transport. 

Although it is a good idea, the distribution shape of the longshore sediment transport must be 

considered, which is mainly predicted by the oblique incident waves. Additionally, around 

the river mouth the longshore sediment becomes non-uniform. Thus, it is believed that the 

point source method is easier to apply than the line source method, and it gives a reasonable 

accuracy for the measurements. 

From the above description of the different methods of modeling river sediment 

discharge, the follo:wing points are drawn: 

(1) The river sediment is only responsible for building up a delta, therefore the method 

of supplying water with sediment will be excluded, and consider only the methods of 

supplying dry sediment. 

(2) The assumption that the river mouth is very small compared with the infinite length 

of the shoreline gives the point source method an advanced step over the line source method. 

(3) When the line source method is used, the rate of river sediment discharge will be 

related to the rate of longshore sediment transport, while it should be an independent 

parameter. Instead the point source method gives a reasonable accuracy for the 

measurements. 

From the above mentioned points, we decided to use the point source method for 

modeling the river sediment discharge. Finally, we want to mention that the experiments 

were carried out to verify the applicability of the point source method for modeling the river 

sediment discharge. 

3.6.2 Experimental procedure 

The experiments were performed in the fan-shaped wave basin (semicircular part : 

r=17.5 m ; rectangular part: 35xl0 m) of Ujigawa Hydraulics Laboratory, Disaster 

Prevention Research Institute, Kyoto University_ A smooth concrete beach was constructed 
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with a slope of 1:10. The beach was roughe<;l by bonding light weight aggregate, the same 

material as the one whose used for modeling river sediment discharge, on to 'the smooth 

concrete. The wave guide walls, which are composed of smooth steel plates, were installed 

in the normal to the wave generator. The smooth steel plates were chosen such thatthe 

amplitude of refracted waves was expected to be minimal, see Figure 3.46. 

On the land side, a sediment feeder machine with a controlling speed motor was set 

about 1.0 m from the initial shoreline, see Figure 3.46. The light weight aggregate material 

was chosen to model the river sediment discharge, this material is very sensitive to the wave 

action and has a low friction coefficient. The controlling speed motor was used to discharge 

sediment at a constant rate into the wave basin. Two smooth asbestos pipes of different 

diameters were connected to 

carry the sediment to the 

smoothly slides' inside the 

sediment feeder machine at the output opening in order to 

of the point source. The small diameter pipe 

no sediment particles to fall between 

them. Thus, this system gives a free and accurate adjustment for the position of the point 

source. Measurements of sediment discharge rate were performed: 1) at the beginning of the 

experiments, and 2) at every 10 min. interval time during the experiments, then the rate of 

sediment discharge was calculated as the average value of the measured sediment ratios. 

Measurements of shoreline were made at 10 min intervals along the delta at 13 

stations (50 em interval distance), see Figure 3.46. At the end of each experiment, beach 

profiles as well as shoreline .changes were measured every 10 em interval distance along the 

delta. The measurements of beach profiles were made by an acoustic sensor mounted on a 

carriage, controlled by a personal computer. The measured profiles were transformed to 

digital data and recorded using a low frequency digitizer device. The formation process of 

river delta was observed by taking photographs every 10 minutes interval time with a 35 mm 

automatic camera. The camera was mounted at a height of 5 - 7 m above the water surface. 

The camera suspension system allows the camera to be accurately positioned and leveled. 
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On the wave basin side, measurements of wave heights in the constant depth part were 

made using capacitance type wave gauges. While on the sloping part, the measurements were 

made using a wave gauge mounted on a carriage controlled by a personal computer. The 

angles of incoming wave incidence were measured in the constant depth part by measuring 

the angles of inclination of the wave generator to the beach. Snell's law and linear wave 

theory were used to estimate the angles of wave incidence at the breaker line. The longshore 

currents were visually observed by using colored paper tracers. 

3.6.3 Experimental results 

Six experiments were performed, (see Table 3.8), for a stilI water depth in the constant 

depth part of 30 cm, a wave height of 2.0 em and a period of 0.8 sec. The incoming waves 

were normally incident during the experiments series A and series B, while they were oblique 

incident during experiments C-l and D-l, with 7.5° and 150 , respectively. 

Table 3.8 Experimental conditions of river delta formation process. 

Exp. QR Run time a o 

No. cm3/sec (min) (deg.) 

Series A 

A-I 7.06 50 0 

A-2 7.06 30 0 

Series B 

B-1 15.80 30 0 

B-2 8.12 30 0 

Series C 

C-l 11.0 90 7.5 

Series D 

D-l 11.0 180 15.0 
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The experimental results are as follows: 

(1) General description of river delta formation process 

Once the sediment feeder machine supplies sediment to the wave basin, the sediment 

particles spread along the coast by the effect of the longshore current. Also, a small delta is 

being to form on the fixed bed and propagates seaward with the nearly the same rate as the 

front line of delta, which means that the beach profile is moving in parallel to itself. The 

position of point source is moved seaward just behind the breaker point, therefore the 

supplying sediment particles are redistributed along the river delta by the effect of longshore 

currents. 

It is observed that sediment particles deposit first around the river mouth then move to 

considerable distances from the river mouth till they deposit at the initial shoreline, fonning a 

new shoreline. During that time other sediment particles deposit at the river mouth and once 

more move to considerable distances from the river mouth till they deposit at the initial 

shoreline and another shoreline will be formed, and so on. Finally, a series ofIayers appears, 

each layer represents a complete evolution of shoreline cycle in the formation process of river 

delta. 

(2) Characteristics of growth of river delta 

Figures 3.4 7 and 3.48 show the behaviors of the growth of river delta in experiments 

series A and By respectively. During the experiments, the shoreline positions were measured 

at every 10 min and 50 em intervals. At the end of each run, the wave generator was stopped 

and the shoreline positions as well as the beach profiles were measured every 10 cm interval 

distance in the longshore direction. 

Since the rate of sediment discharge was kept constant and relatively small, QRO = 7.0 

cm3fsec, during the experiments A-I and A-2, the measured shoreline positions shown in 

Figure 3.47 at t=50 min and t=80 min, respectively, are been parallel to each other. Also, the 

configuration of the shoreline of river delta by these experiments is gently curved. In series 

B, the rate of sediment discharge was relatively high, QRO == 15.0 cm3fsec in Run B-1 and 
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reduced by half in Run B-2. Therefore, the measured shoreline positions shown in Figure 

3.48 at t=30 min and t=60 min are not perfect parallel. Moreover, much sediment particles 

were deposited around the point source than near the end of the delta. As a result, the 

configuration of the shoreline of river delta becomes sharply curved. 

(3) Symmetrical shape of river delta 

It is expected under a condition of normal wave incident that the configuration of river 

delta is symmetric. To verify this phenomenon in the laboratory, measured data of shoreline 

positions on the left and right sides of the delta were plotted on one side. The results are 

shown in Figure 3.49 for Run A-I and Run A-2, and in Figure 3.50 for Run B-1 and Run 

B-2, respectively. The black symbols represent the measured data on the left side, whereas 

the measured data on the right side are represented by the white symbols. The symmetrical 

configuration of the river delta is satisfied in these figures. With oblique wave incident, an 

asymmetrical shape of river delta is expected. Both sides of river delta are named as a upcoast 

side and a downcoast side, with respect to the wave direction. The upcoast side is defined as 

the side of river delta which is directly affected by the wave. While, the downcoast side 

defined as the side of river delta where the wave effect is indirect. Figures 3.51 and 3.52 

illustrate the measured data of shoreline positions in Run C-l an'd Run D-l where the angles 

of wave incident are 7.5° and 15.00 ) respectively. The black symbols represent the measured 

data at the upcoast side, whereas the measured data at the downcoast side are represented by 

the white symbols. The asymmetrical shape of river delta is verified by these figures. 

general, oblique waves generate lr.n·(YC'!hrH""" currents, consequently, most of 

river sediment ms,cnan;~e is moved in the nr~'r!f"l,rn1n~lnt direction of littoral drift and 

deposited on the down coast side. Therefore, the rate of the shoreline on the 

downcoast side is faster than the rate of the shoreline on the upcoast side. 

When waves approach a straight beach with an '-'v.,.,-,~."" the COiTIOOn'ent of wave 

power ~,~.~ .. ' .... to the shoreline generates the currents. in the case of 
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nonnal wave incident, theoretically, no longshore currents exist. When we consider river 

discharging on a straight beach where the incoming waves are nonnally incident, initially, no 

longshore currents exist, but as the delta foons causing variations in space and time of the 

shoreline orientation, IByolBxl, current are established due to changes in the nearshore 

bathymetry. Furthennore, due to depth refraction, even when the offshore wave climate is 

constant, the longshore current will generate and will vary along the delta. This longshore 

current carries the river sediment particles and redistributes them along the delta to fonn a 

new river delta shoreline which is gently curved in a case of wave-dominated delta type, and 

sharply curved in a case of river-dominated delta type. Once more, this new river delta 

shoreline will affect the nearshore bathymetry, and another longshore current will generated. 

A more realistic description of a real beach requires the incorporation of this wave-bottom 

interaction, which is call a feedback mechanism, that the configuration of river delta is 

affected by the nearshore bathymetry, Because waves are coming normal to the shoreline, the 

configuration of delta will be symmetric with respect to the river mouth and generated 

longshore currents will move along the both sides of the river delta. 

Considering the case of obliquely incident waves with a river discharging on a straight 

beach. Initially, a uniform longshore current is generated by waves along the beach. Once the 

river delta starts to form an additional current will be generated, this current will move along 

the river delta in both directions. Mathematically, this additional current rrl"'F'''-',,-.'H 

effect of formation of river delta reduces the longshore current generated 

upcoast side and increases it at the downcoast side. As a result, the upcoast side 

will have a weak longshore current, and the downcoast side will have a strong longshore 

current. Consequently, most of the river sediment discharge move in the direction of the 

strong current and deposit on the downcoast side. At the upcoast side of river delta a small 

amount of river sediment discharge forms a delta and reduces the longshore current until 

reaching a dynamic equilibrium shape where the incoming waves approach the shoreline on 

that side at nearly a right angle. Thus, an asymmetrical shape of the river delta will fonn, (see 
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Figures 3.51 and 3.52). 

(5) Time variation of shoreline positions 

Figures 3.53 and 3.54 show the time variation of the shoreline positions for 

experimental series A and series B. Since the configuration of the river delta is symmetric 

with respect to the river mouth, half of the problem will be consider. In these figures seven 

idealized sections are selected, see Figure 3.46, to illustrate the time variation of shoreline 

positions. From these figures it is noted that: 

(1) In general, the shoreline position, Yo, increases with increasing time, t. For a short 

time t, the shoreline position at the center of the river mouth, represented by section 0, 

increases rapidly, while shoreline position at the end of the delta, represented by section 6, 

increases in a more slowly. At the other in between sections, the shoreline positions vary 

between rapid and slower changes. 

(2) The relation between shoreline position, Yo' and time, t, becomes linear after a long 

time t. In other word, the rate of propagation of the shoreline position along the river delta 

becomes constant. 

(6) Variation of beach profile and beach slope along a delta coast 

The beach profiles were measured along the river delta at every 10 cm interval distance 

by using acoustic sensor mounted on carriage controlled by a personal computer. Since the 

configuration of river delta, in experiments series A and series B, is symmetric with respect 

half the delta will be considered. In order to demonstrate the 

""",",'"i'H,r.n of beach along the river delta, seven idealized sections are (see 

Figure 3.46). The measured beach profiles along the river delta for experimental Run A-2, 

t=80 min, for the selected sections is illustrated by Figure 3.55. From this figure it is noted 

that the longshore variation of beach profiles are small. In fact this is, so far, true when the 

wave power is relatively stronger than the rate of river sediment discharge, or in other words, 

when the delta is categorized as a wave-dominated type, as in experimental series A, and also 

when the configuration of the shoreline of the river delta is gently curved. In this case the 
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longshore variation of beach slope becomes also small, which can be assumed constant as 

shown in Figure 3.56. At the end of the river delta the fixed bed roughness causes a sudden 

change in the beach slope, which can be consider as the experimental error. 

In experimental series B, the rate of river sediment discharge is relatively predominant, 

or the delta can be categorized to a river-dominated type. Therefore the measured beach 

profiles for Run B-1, t=30 min, are varied along the river delta as shown in Figure 3.57. 

From this figure it is obvious that the variation of beach profile along the river delta is large. 

Figure 3.58 demonstrates the variation of beach slope along the river delta for Run B- 2 

represented by a black symbol, and Run B-1 represented by a white symbol, respectively. It 

is obvious from this figure that; 1) in Run B-1, the beach slope around the river mouth is 

steeper than the beach slope at the end side of the river delta, where the configuration of river 

delta was also sharply curved, and 2) when the rate of river sediment discharge was reduced 

by half in Run B-2, the configuration of the shoreline of the river delta is changed, it 

becomes more gently curved, and therefore the variation of beach slope along the river delta 

became (more or less) small. 

From Figure 3.55 to Figure 3.58 it can be inferred that: 

(1) For a wave-dominated delta, the variations orthe beach profile along the river delta 

are very small with a mild beach slope, also the configuration of the shoreline of the river 

delta is gently curved. 

(2) For a river-dominated delta, the configuration of the shoreline of the delta is sharply 

curved, and the beach profiles are varied along the delta with a steeper beach slope at the river 

mouth and milder one near the end side of the river delta. 

(7) Relationship between cross-sectional area and shoreline position 

Based on the assumption or one-line theory, that the beach proftle moves in parallel to 

itself, the cross-sectional area of the beach profile is proportional to the shoreline change. The 

relationship is linear, in which the gradient of the straight Hne is equal to the limited depth hb 

mathematically it is written as: 
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(3.54) 

To illustrate this relationship, measured data of shoreline positions are plotted against 

the equivalent measured data of cross-sectional area of beach profiles. The data are shown in 

Figures 3.59, 3.60, and 3.61 for experiments series A, series B, and Run C-l and Run D-I, 

respectively. The functional relationship of cross-sectional area of beach profile and shoreline 

position shows scattering values. However the general trend is linear. This scattering 

behavior is believed to be correlated to the non-uniformity oflongshore currents. 

In Figure 3.59, it is obvious that the measured data for Run A-2 are to be continuous to 

the measured data for Run A-I, which is expected since the rate of sediment discharge was 

kept constant in Figure 3.60, the measured data for Run B-2 

are plotted above the measured data for Run B-1, moreover, the measured data fluctuate 

around the mean values while This behavior in the measured data 

of this figure is probably of sediment transport. Figure 3.61 

illustrates the relationship between A and Yo for Run 1 and Run D-l where the oblique 

angles are 7.50 and ISO, rpe'r\Pf'r,'"plu Although the measured data are scattered, the general 

trend is linear. Thus, it can argue that the v,"",u,,' ... angles of incoming waves have no effect on 

the relationship between A and Yo' 

3.7 Applications of Solutions of River Delta Formation 

The analytical solutions for shoreline evolution of river delta are used to describe and to 

understand the physical phenomenon contro1ling the configuration of river deltas. Therefore, 

two applications for the analytical solutions are discussed in the next subsections. In first 

one, the analytical solutions are applied to the experimental study cases A-I and A-2 in which 

the rate of sediment input from the river is small, and the delta can be classified as a 

wave-dominated type. The second application is a prototype study in which the major river 

deltas in Lake Biwa are investigated. The river deltas in Lake Biwa are classified as 
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river-dominated type, since the river discharge is predominant and wave power is minimal. 

The results are straightforward. 

3.7.1 Application of analytical solutions to experimental study 

The measurements of shoreline evolution of a river delta for experimental runs A-I and 

A-2 are compared with the analytical solution given by Eq. (3.19), the results are shown in 

Figure 3.62. It is seen, that the evolution of the shoreline near the river mouth is well 

predicted. However, near the end side of the river less agreement between the measured and 

computed shoreline position is observed. This is due to the effect of the bed roughness which 

causes the measured shoreline to rapidly decrease. 

Figure 3.63 shows the time variation of measured shoreline positions at the measuring 

sections compared with the analytical solution. As previously mentioned a good prediction 

between the measured and the computed shoreline is observed for the measuring sections 

near the river mouth. At the end side of the river, represented by section 6, the evolution of 

shoreline by analytical solution is overestimated. 

3.7.2 Applications of analytical solutions to river deltas in Lake Biwa 

The river deltas in Lake Biwa are classified as river-dominated types, since the river 

discharge is predominant and wave power is minimal. Therefore, the effect of beach slope 

variation plays an essential role in the process of formation. Using the wave data and bottom 

topography information described in the section 3.3, the wave conditions for each river are 

calculated. The significant wave height and period are 0.75 m and 3.0 sec, respectively. 

Table 3.9 presents the field conditions of the major river deltas in Lake Biwa. Since the river 

deltas in Lake Biwa were formed a long time ago, say some million years ago, it is very 

difficult to estimate the original basin of the river delta. In addition, the lake basin has been 

formed due to geological activities as well as the hydrological effects. All these factors make 

the determination of the initial shoreline for river delta formation impossible. 
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Table 3.9 Field conditions of major river deltas in Lake Biwa. 

River Name Hb <1b (l~ x 10-3 

(m) (deg.) m) 

Ishida 0.840 10 3.102 

Ado 0.880 5 3.027 

Kamo 0.825 5 4.244 

Otani 0.863 5 5.834 

Wane 0.825 5 2.876 

Ane 0.830 5 1.334 

Inugami 0.770 5 2.912 

Echi 0.770 20 3.200 

Fortunately, eX1Jernn,ental results as wen as the analytical solution show that after 

sufficiently long time, the rate of shoreline evolution becomes constant, therefore any datum 

line can be selected as a base the measurements. Then the analytical solution are used to 

estimate the shoreline evolution after a "'~'A.,",''-''' long time. Finally, the computed 

shorelines are adapted to the measured ones. Figure 3.64 shows the comparison results 

between measured and c?mputed shoreline positions of the select~d river in Lake Biwa. In 

general, the analytical solution give a better prediction for evolution of shorelines of the deltas 

of the Kamo, Otani, Wani and Echi rivers. However, less agreement is shown between the 

measured and the computed shorelines of the deltas of the Ishida, Ado, Ane and Inugami 

rivers. 

It is indicated that the analytical solution potentially overestimates the shoreline 

evolution of river deltas in Lake Biwa, since the analytical solution is unable to account for 

bottom changes and wave refraction. Also the linearization of the continuity equation of 

sediment transport by the assumption that the shoreline orientation is small, causes a greater 

error in the overestimation of shoreline evolution. Therefore the one-line theory is limited t.o 

estimate the shoreline evolution of a river-dominated delta type. Instead, numerical solution 

must be used. However, with the aid of the one-line theory, the physical phenomenon 
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controlling the shoreline evolution of river delta could be interpreted. Moreover, the one-line 

theory produces only small errors for the shoreline evolution of a wave-dominated delta. 

3.8 Conclusions 

The formation process of river deltas was investigated analytically and experimentally. 

The general configuration of the river deltas depends on the ~e1ative importance of the 

deposited river sediment and the transported one by the action of waves and tidal currents. 

The river deltas are mainly categorized as: 1) river-dominated type in which the river 

discharge is predominant and wave energy is minimal, 2) wave-dominated type which 

represents higher wave energy situations, and tidal-dominated type where the tidal currents 

are impinging on coastal waters near river deltas cause river discharged sediments to be 

transported and dispersed along the coast at considerable distances from the river mouth. A 

modified version of a ternary diagram proposed by Galloway (1975) and \Vright (1985) was 

adapted. 

The physical description of the river delta formation was studied by investigating two 

field cases: the Nile Delta coast in Egypt and the major river deltas in Lake Biwa, Japan. The 

geographical and topographical investigation of these sets has been made. The main 

conclusions drawn from this investigation are: 

(1) Most of the river sediment discharge are carried during the flood seasons as 

suspended load. These sediments are responsible for building up the river deltas. 

(2) Since the river deltas have been formed long time ago, the beach profiles have 

reached an equilibrium shape. Therefore Dean's expression for equilibrium beach profile can 

be applied with reasonable accuracy.· 

(3) In general, the average beach slope varies along the river delta beach, with a steeper 

slope at the river mouth and milder one near the end sides of the river delta. 

(4) The sediment size typically varies along the coast of river delta, in which the coarser 
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materials are deposited in the vicinity of th~ river mouth area, while the finer materials are 

transported by prevailing waves and currents and deposited at a considerable distance from 

the river mouth. 

The analytical solutions .of shoreline evolution of river delta were derived from 

simplified the basic equations using the concept of one-line theory. From the results of the 

analytical solutions, the following conclusions can be drawn regarding the reliability of the 

the solutions: 

(1) The assumption of the one-line theory, that the beach profile moves in parallel to 

itself is limited when it is applied to the formation of the river delta of a river-dominated type, 

where the beach slope change along the river delta as, at the river mouth the beach slope is 

steeper than the beach slope ncar end sides of the delta. 

(2) The obliquely incident waves produce an asymmetrical configuration of the river 

delta. The degree of asymmetric increases as the of the incoming wave increases. 

(3) For wave-dominated delta t}'Pe, t.he shoreline gradient,18yc/8xl, is very small, while 

in the river-dominated delta type, the shoreline gradient is relatively larger. 

(4) As the ratio QRciW E increases, the distance B decreases. The distance B is defined 

as a longshore distance from the center of the river mouth where the shoreline position is half 

the shoreline position at the river mouth. In other words, as the ratio QRcfW E increases the 

delta shape becomes narrower until the delta can be classified as river-dominated type. 

(5) On the contrary, as the ratio QRciWE becomes smaller the delta approaches the 

wave-dominated type and the delta plane shape will be gentle with a smalI shoreline gradient, 

laYe/axl. 

(6) For a specific ratio QRcfWE' the distance B decreases with increasing the time t, 

which implies that the rate of deposited sediment around the river mouth increases by time. 

An experimental study on the formation process of river deltas was carried out and the 

important factors affected the formation process were discussed. The methods of modeling a 

river sediment discharge were examined, showing the advantage and disadvantage of every 
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method. Since the river mouth width is very small compared with the finite length of the 

shoreline, we decided to use the point source method for modeling the river sediment 

discharge. Additionally, the point source technique is easier to apply than the other me.thods 

and it gives a reasonable accuracy for the measurements. The following conclusions can be 

drawn from the experimental study: 

(1) During the formation process the river delta consists of a series of layers, each layer 

represents a complete evolution of shoreline cycle. 

(2) For wave-dominated delta type, the shoreline of river delta propagates with nearly 

same rate as the propagation of the front line of the delta. Therefore, one-line theory can be 

used to describe long term variations in shoreline configuration of river deltas. Oppositely, 

for river-dominated delta type, the shoreline of the delta propagates with a faster rate than the 

front line of the delta. 

(3) For wave-dominated delta type, the longshore variation of beach sbpe is very small 

with a gently mild beach profile. The shoreline gradient is gently change resulting gently 

curved of river delta shape. In the contrary, for river- lominated delta type, beach slope is 

remarkable varied along the delta coast with steeper beach slope at the river mouth and milder 

one at the end sides of the delta. The shoreline gradient, IByo"Bxl, is steeply varied resulting 

in sharply curved shape of delta. 

(4) The interaction between the configuration of river delta and the longshore currents is 

belong to the so-call feedback mechanism, in which the configuration of river delta affects 

and affected by the longshore currents. 

(5) The longshore currents affect on the symmetrical shape of river delta. Under normal 

wave incident, the configuration of delta is symmetric with respect to the center of the river. 

The configuration of delta will be changed to asymmetric shape when incoming waves are 

obliquely incident. 

(6) With asymmetrical configuration of river delta, the longshore currents at the 

downcoast side are stronger than the longshore currents at the upcoast side. A~ a result much 
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sediment are moving and depositing at the 'lowncoast side than at the upcoast side. 

(7) The cross-sectional area of beach profile of river delta is proportional to the 

shoreline position. The relationship is nearly linear with a gradient equal to the limited depth 

of littoral drift, ~. 

In comparing of the analytical solutions for shoreline evolution of river deltas with the 

experimental measurements of delta formation and the major river deltas in Lake Biwa, 

favorable agreement is found. For wave-dominated delta type, the analytical solutions can 

predict the shoreline evolution with a high level of accuracy. While, less accuracy is 

considerable for evolution of shoreline changes of river-dominated delta type. 
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Chapter 4 BEACH EROSION DUE TO RIVER DELTA 

REDUCTION AND ITS CONTROL 

4.1 Introduction 

Man's intervention with coastal processes takes many forms. However, the most 

serious, large scale and long term coastal erosion results from the construction of dams 

which block the river sediment supplied to the coast. This loss of sediment may have a 

catastrophic effects along the coastal line of a river delta. Many investigations have been 

performed on the erosion of the river delta mainly around the river mouth where navigation 

can be hindered by problems such as erosion of the river mouth, deposition of the sediment 

in the estuarine, and closing of the navigation channels. Most of these investigations have 

been focused on protection methods of river mouths from wave and current actions by the 

construction artificial structures such as jetties or seawalls. However these structures 

interrupt the littoral drift and produce a dramatic change in the shoreline; accretion occurs on 

the upcoast side of the structure, and erosion occurs on the downcoast side. 

Because of the previous methods of beach erosion control failed to prevent or even 

reduce the beach erosion, many coastal engineers are being advised to let nature takes its 

courses. Silvester (1979) states the methodology for beach erosion control as "How to copy 

nature". Nature always adapts the beach profiles which are in an equilibrium shape, in which 

the incident wave energy is dissipated without causing a significant net beach profile change. 

Also, nature forms beautiful stable sandy beaches between reefs or headlands. These beaches 

will be in static equilibrium when no further beach recession occurs, no littoral current exists, 

no sediment deposition beyond the downcoast headland occurs, or when waves are breaking 
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simultaneously along the shoreline. 

The aim of this chapter is to investigate the reduction process of river deltas and to 

study the methodology of beach erosion control, through the investigation of the stable beach 

configuration. Firstly, an experimental study was carried out. The main purpose of this 

experiment is to study the reduction process of river deltas due a decrease or lack of sediment 

input from the river. Secondly, a theory of formation of stable sandy beaches is derived. The 

derivation of this theory is based on the formulation of non-uniform longshore sediment 

transport presented in Chapter 2 together with the aid of one-line theory. Next, an application 

of the theory is made to the stable sandy beaches at Amanohashidate beach, which is located 

in Miyazu Bay, northern Prefecture, Japan. In the last portion of this chapter, 

the methodology of beach control is investigated with a brief description of the 

previous and new methods beach erosion contro1. A new proposal is made for beach 

erosion control around the This is based on Tsuchiya's ideal 

methodology for beach erosion control 

Two ideal examples are for 

asymmetrical river delta cOlrltlJgmlltlons. 

the COflcelDt of configuration of stable beaches. 

beach erosion around symmetrical and 

4.2 Experimental on Reduction Process of River Delta 

The protection of beach against erosion is one of the important problems which coastal 

engineers must face, especially near the river mouth and adjacent coasts. In order to prevent 

erosion of the river delta coast, it is important to study the process of river delta reduction 

(erosion), which is very difficult to investigate it in the field coast. Therefore laboratory 

experiments must be relied upon. By hydraulic experiments it is possible to simulate a 

hundred year prototype phenomenon in only few hours in laboratory by controlling the 

experimental conditions and measurements. Beach erosion mainly occurs due to the 
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predominant longshore currents which carry the sediment alongshore. When the longshore 

current dose not exist, in other words, when waves approach the beach in a normal direction 

for a sufficiently long time, the beach profiles will be in equilibrium condition. 

The basic idea is that the beach profile in its equilibrium condition dissipates incident 

energy without significant net change in shape. Dean (1977) derived an analytical expression 

for the equilibrium beach profile shape based on the concept of constant wave energy 

dissipation per unit water volume. The main objectives of this experimental study are to 

investigated the reduction process of river deltas, to examine the time variation of the 

shoreline positions and the rate of beach erosion, and finally to verify the relationship 

between shoreline position and cross-sectional area of the reduced beach profile. 

4.2.1 Experimental procedure 

The experiments were performed in the fan-shaped wave basin of Ujigawa Hydraulics 

Laboratory, Disaster Prevention Research Institute, Kyoto University. The initial shorelines 

and beach profiles in these experiments were the final shorelines and beach profiles of the 

experiments on the formation process of river delta presented in Chapter 3, (series A and B). 

The experiments were halted once the longshore current died away and only the on-offshore 

movement exist. To verify this condition color tracers were used and the trajectories were 

observed. 

Measurements of shoreline changes were made at every 5 min interval during the first 

30 min of the experiment, this interval was then increased as equilibrium conditions were 

approached, which is determined by tracing the movements of color paper tracers which 

should be only in the on-offshore direction. The measurements of shoreline changes were 

made along the delta coast at 13 idealized sections at 50 cm intervals, see Figure 3.46. At the 

end each experiment, beach profiles as well as shoreline changes were meac;ured at 10 cm 

intervals along the delta. The beach profiles measurements were made by an acoustic sensor 
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mounted on a movable carriage, controlled by a personal computer. 

The reduction process of river delta was observed by taking photographs at 5 min 

intervals during the first 30 min of the experiment, this interval was then increased as 

equilibrium conditions were approached. Measurements of wave height in the constant depth 

part of the basin were made using capacitance type wave gauges. While on the sloping part, 

the measurements were made using a wave gauge mounted on a movable carriage controlled 

by a personal computer. 

4.2.2 Experimental results 

Two experiments were performed, A-3 and B-3, for a still water depth in the constant 

depth part of 30 cm, a wave of 2.0 em and a wave period of 0.8 sec. The incoming 

waves were normally incident during the The experimental results are given as 

follows: 

(1) General description of river delta reduction process 

The reduction process of the river is significantly different from the formation 

process of the river delta. During the experiment it was observed that: 

(1) In general the shoreline of the river delta significantly erode while the front line of 

the delta retreats shoreward at a very slow rate. This phenomenon occurs because the 

breaking wave energy more strongly affects the shoreline of delta than on the front line of the 

delta which is located out side the surf zone. 

(2) The sediments move alongshore from the river mouth area and deposit at the end 

sides of the river delta, as a result, a nearly straight shoreline is formed nearly at the middle 

of deltaic area. 

(3) The rate of longshore sediment transport decreases as the shoreline becomes nearly 

straight. The on-offshore sediment movement becomes predominant, and therefore an 

equilibrium beach profile is formed. 
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(2) Characteristic of reduction of river delta 

Figures 4.1 and 4.2 show the behaviors of river delta reduction for experiments A-3 and 

B-3. The shoreline of the delta rapidly changes to a nearly straight one, with erosion at the 

center of river delta and deposition at the end sides of the river delta. It i~ noted that the new 

shoreline position in Figure 4.1 is shoreward the shoreline position in Figure 4.2, that is 

because the total sediment volume for experiment A-3 was smaller than the total sediment 

volume for experiment B-3, while the wave conditions were same in both experiments. 

(3) Time variation of shoreline positions 

The time variation of the shoreline positions for experiments A-3 and B-3, is shown in 

Figures 4.3 and 4.4, respectively. From these figures it is noted that; 1) the shoreline 

position at the center of the river delta decreases significantly with increasing time t, while the 

shoreline position at the end of river delta increases with increasing time t, and 2) the 

physical process of erosion at center of the river delta and accretion at the end sides of the 

river delta occurs for a short time of about 30 min, following by a nearly constant shoreline 

pos!tion. 

(4) Equilibrium beach profiles 

The beach profiles were measured every 10 cm interval along the shoreline. The 

measurements reveal that the beach profiles along the river delta are nearly similar in shape. 

Figures 4.5 and 4.6 illustrate the different between the shape of the beach profiles in the 

formation and reduction processes. Since the configuration of river delta is symmetry with 

respect to the center of the river delta, only seven idealized sections in one side are presented 

in these figures, in which section 0 denotes the measured profile at the center of the river 

delta and section 6 denotes the measured profile at the end side of the river delta. From these 

figures it is noted that the curvature of the proftle shape changes from a divergent mode shape 

to convergent one. This convergent mode shape absorbs and dissipates the incoming wave 

energy without significant net change in the beach profile shape. Therefore, the beach is 
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believed to be in equilibrium condition . 

. (5) Relationship between shoreline position and cross-sectional area 

The cross-sectional area of the beach profile was measured at every 10 cm interval 

along the shoreline, and plotted versus the measured shoreline position. The results are 

shown in Figures 4.7 and 4.8 for experiment A-3 and B-3 respectively, combined with the 

experimental results of the formation process of river delta presented in Chapter 3. From 

these figures it is noted that the relationship between the cross-sectional area and the shoreline 

position is nearly linear, like the formation process of river delta, but the gradient of the 

relation in the reduction process is larger than the gradient of the relation in the formation 

process. 

4.3 A Theory of Formation of Stable Beaches 

Many methods have been used previously to reduce or prevent beach erosion, but few 

have worked satisfactory. It is commonly observed that the construction of breakwaters for 

harbors and groins extended out of the surf zone has a harmful effect by intercepting the 

littoral drift. Although, the use of groins and seawalls has been shown to promote erosion, 

relatively little progress has been made in recent years resulting in the construction of large 

and more impressive groins and seawalls. However, in explaining the reasons for these new 

installations no explanation is often given for either the failure of the previous construction or 

for the new feature working any better. However, the reason appears to be very simple, in 

fact all these methods are working against nature. The most effective method of controlling 

beach erosion is to let nature takes its courses, and to learn how to duplicate nature. 

It is commonly accepted that the formation of a shoreline between two headlands under 

obliquely incident waves is the most stable beach generated by nature (Silvester, 1974). The 

configuration of the stable beach has received various names in the literature, such as 
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half-heart bay (Silvester, 1960), crenelate shaped bays (Ro, 1971, Silvester andRo, 1972), 

spiral beaches (LeBlond, 1972), curved-or hooked beaches (Rea and Komar, 1975), 

headland bay beaches ( LeBlond, 1979), or zeta bays and pocket beaches (Silvester, 

Tsuchiya and Shibano, 1980). Some authors have equated the offshore breakwater concept 

to that of headland control, (e.g. Dally and Pope, 1986, Loveless, 1986, and Pope and Dean, 

1986). This is unfortunately not true because the principles of each concept are quite 

different. With the former, where long offshore breakwaters are placed parallel to the shore 

with a small spacing in between, there is little length of beach available to the waves. It has 

been said that a system of offshore breakwaters is used to prevent cross-shore and longshore 

sediment movements rather than to form a beach behind the breakwater. Nevertheless, 

erosion occurs .on the beach at the maximum recession of the shoreline in between. In the 

case of headland control, the stability of the beach is left to nature, where restored land 

remains in position with added benefit of beautiful beaches for recreation. 

4.3.1 Literature review 

Since Lewis (1938) pointed out a relation between the configuration of shoreline and 

predominant wave direction, the study of the configuration of beaches formed behind 

offshore structures has been the subject of considerable coastal engineering work. Sauvage, 

Marc and Vincent (1954) analyzed the equilibrium shapes of these coastal formations, they 

showed that the shape of the beach was markedly elliptical. Yasso (1965) measured and 

analyzed the shape of many natural bays and concluded that they, or portions of them at least, 

followed a logarithmic spirals. Johnson (1965) also investigated and examined the Yasso 

results and found that there are significant distribution of sediment alongshore the stable 

beach. 

Silvester (1970) extensively investigated the configuration of stable sandy beaches for a 

number of beaches in the world and concluded that the configuration of the beach between 
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headlands consists of three distinct zones; an arc behind the upcoast headland; a stretch which 

is logarithmic spiral in shape, and a straight stretch which extends down coast towards the 

next headland. Applying these conclusions, Silvester and Ho (1972) used the logarithmic 

spiral approach for the stabilization of artificial reclaimed land in Singapore through the 

concept of headland control. Silvester has attempted to proselytize the coastal engineering 

community to this concept for many years (Silvester, 1976, 1978) without much success, 

probably due to the difficulty of utilizing the logarithmic spiral pattern. 

Rea and Komar (1975) developed a numerical model for evolution of spiral beaches 

behind a rocky headland. Dean ( presented a method for calculating the equilibrium 

shape of stable beaches. In 

front is tangent everywhere 

relatively narrow openings 

markedly semi-circular. 

In Japan, beach erosion is 

f~ced on the open sea 

"'''',,'-1' .... the bathymetry is considered stable when the wave 

local bottom contours. The calculation was carried out for 

normal and wave, the shape of the beach was 

vv.v ........ since the Islands are 

waves. Mashima (1961) studied 

bays within limited bodies water, such as in which derived vectors of 

wave energy, ........ ,~'-" ... 'u,,' .. "" duration and fetch. These fom1ed half 

whose axes were related to the shape of the bay. Mashima (1973) ImreStlgate:d 

theoretically the stable configuration of sandy beaches taking into consideration the wave 

energy distributions. Toyoshima (1976) investigated a field case, Kaike coast on Japan Sea, 

for configuration of sandy beaches behind the offshore breakwaters. He proposed a design 

system for the offshore breakwaters. 

Tsuchiya (1978) proposed the methods of prediction and prevention of beach erosion 

from the view point of mechanics of sediment transport by fluid motion. He described some 

comments on beach erosion control for new applicable methods such as headland control 

which based on the intensive functions of natural sandy beaches in wave dissipation. 
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Tsuchiya, Silvester and Shibano (1979) proposed two kinds of equilibrium beaches, static 

equilibrium, in which no longshore sediment transport exists along the beach and dynamic 

equilibrium, where the longshore sediment transport exists along the beach. Recently, 

Tsuchiya (1982) proposed an ideal methodology for beach erosion control from view point 

of controlling the total rate of longshore sediment transport. For this purpose a new 

formulation 'of the total rate of longshore sediment transport is made. He established the 

practical methods to control the total rate of longshore sediment transport and explained two 

typical, but ideal examples for beach erosion control by this methodology. The first example 

is for beach erosion due to decrease of sediment input from the river. By Figure 4.9, he 

explained the ideal methodology for beach erosion control, in which Figure 4.9(a) shows the 

situation when the sediment input from the river is reduced from QR to Q'R' Thus, beach 

erosion is advanced on the downcoast of the river delta, the lift-side coast of the river as 

shown in Figure 4.9(a). From the view point of controlling the total rate of longshore 

sediment transport, the rate of longshore sediment transport must be reduced along the 

downcoast of the river delta according to the decreased sediment input from the river. A 

possible solution of this problem is depicted a shown in Figure 4.9(b), in which a series of 

headlands is inserted at suitable angles and distances to make the total sediment transport rate 

decreases according to the decreased sediment input from the river. The second example is 

beach erosion due to the lack of sediment sources. The solution for such beach erosion is 

proposed by this methodology as shown in Figure 4.10, in which a series of headlands 

(Silvester, 1976) or offshore breakwaters (Toyoshima, 1976) is employed to make the total 

rate oflongshore sediment transport vanish. 

More recently, Hsu, Silvester and Xia (1987) showed that the configuration of stable 

beach usi~g the logarithmic spiral docs not follow the complete boundary of the beach. They 

found that the logarithmic spiral is not an effective method for defining curvature of the stable 

beach and hence they proposed a new computerized method named "Parabolic Fonn", in 
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Figure 4.9 Beach erosion contort for the decrease in sediment input from a river, (after 

Tsuc'hiya, 1982). 
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which a polynomial equation derived empirically from best fitting of model studies and 

observation da'ta of prototype bays in Australia known to be in static equilibrium conditions, 

4.3.2 Analytical solution for configuration of stable beaches 

The aim of this portion is to develop an analytical solution for the shoreline 

configuration of the stable beaches, rather than using the empirical methods which fail to give 

a good prediction for the stable beaches unless some coemcients are adapted for each model 

study, Tsuchiya, Silvester and Shibano (1979) stated that the stable beach is either in a static 

equilibrium, when no longshore sediment transport exists along the beach, or in a dynamic 

equilibrium, when the longshore sediment transport exists in which the rate of longshore 

sediment transport is constant the beach. In other words, the stable beach is in a static 

equilibrium when the shoreline at the downcoast is parallel to the wave crests approaching the 

coast from offshore, And it is in dynamic equilibrium when the angle between the shoreline 

at down coast and the control line of headlands is smaller than the incident angle ofincoming 

waves. Figure 4.11 shows a schematic diagram for the definition of static and dynamic 

equilibrium beaches, in which Clb is the incident angle of the incoming waves, Pb is the angle 

between the control line of headlands and the shoreline at downcoast, L is the distance 

between headlands, and YOmax is the maximum recession of the shoreline from the control 

line of the headlands. The geometry of these equilibrium beaches are shown in Figure 4.12, 

This figure describes that the rate of the indentation YOmax / L for the static equilibrium 

beach is practically given by the function in which Cllf13b is equal to one as shown by the 

solid curve (Silvester, 1976), but for the dynamic equilibrium beach the indentation YOmax IL 

may be practically given by a function in which alf13b is greater than one as also shown in 

Figure 4.11. 

In order to predict, theoretically, the configuration of stable beaches, two basic 

equations are used; the continuity equation of sediment transport and a specific equation for 
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predicting total rate of longshore sediment transport. In Chapter 2, a new fonnulation of total 

rate of non-unifonn longshore sediment transport was derived. This fonnula is used in this 

portion to develop an analytical solution for the shoreline configuration of the stable sandy 

beaches. 

(1) Continuity equation of sediment transport 

Iwagaki (1966) used a prismatic element to derive an equation of the continuity of 

sediment transport for long-term beach changes, which was modified by Tsuchiya 

(1973,1978) for the one-line theory expressed as: 

a Yo 
+---­at (4.1) 

in which Yo is the shoreline position, A is the correction factor for the pore space of beach 

sediment (approximately 0.4 for most beach deposits), hk is the limited depth for sediment 

transport, and Q x is the total rate of longshore sediment transport. Equation (4.1) states 

explicitly that the non-uniformity of the rate of longshore sediment transport, a Qx/ a x, is 

inversely proportional to the evolution of shoreline change, and that for a positive a Qx / a x 

value shoreline erosion will occur, contrarily, for a negative a Qx/ a x value the, shoreline 

will accrete. In order to solve Eq. (4.1) we have to specify an equation for predicting a total 

rate of longshore sediment transport. 

{2) Total rate oflongshore sediment transport 

In Chapter 2 the details of the theory of non-uniform longshore current have been 

presented together with an evaluation of the expression for the total rate of non-uniform 

longshore sediment transport. The expression of the total rate of non-uniform longshore 

sediment transport, Eq. (2.68) is expressed as: 

Co P I 2 
Q = - (-) (R,F ) hb Uo x ill a r 

(4.2) 

in which tIle function I(R,F r) includes the effect of wave properties and some effects of 
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sediment size. In the field, this function becomes nearly constant, while in the laboratory the 

function is strongly affected by the sediment size as well as the wave properties. The 

non-uniform longshore current velocity Do is given by, Eq: (2.41), as: 

(4.3) 

where 

(4.4) 

Now, we have a set of simultaneous equations Eqs. (4.1), (4.2) and (4.3) which are 

the basic equations for the evolution of any shoreline. The initial and boundary conditions 

should be specified for every case of shoreline evolution. In the case of stable beach, the 

shoreline charge will be steady, the derivative with respect to time will be equal to zero, 

mathematically expressed as, a/at = O. Substitution into (4.1) leads to, Qx being 

constant, which implies that if is equal to zero the beach will be in a static equilibrium, 

and if Qx is greater than zero the beach will be in dynamic equilibrium. The solution now is 

pending evaluation of the total rate of longshore sediment transport. A small change in the 

orientation of the shoreline causes a small change in the incident wave angle, mathematically 

expressed as: 

or 
dx 

(4.5) 

Introducing the concept of the one-line theory, which assumes that the beach profile moves in 

parallel to itself, with substituting Eqs. (4.1) and (4.5) into Eq. (4.3) through Eq. (4.2), one 

can obtain an ordinary linear differential equation as: 
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2 
d YO d YO 

+ d
1 

d
2 

d X
2 dx 

(4.6) 

where 

d = 
2m 1 

I hb tanab 

(4.7) 

d = 
2 

2m [1-Q 
hb x 

(4.8) 

in which m is the beach slope, and Qx is the ratio between the longshore sediment transport 

rate along the stable beach and the uniform longshore sediment transport rate along a straight 

infinite beach. Equation (4.6) is the general equation for evolution the plane shape of the 

stable beach, with setting boundary conditions Yo = 0 at x = 0 and at x = L the solution is 

given as: 

where 

and 

d2 X d2 [ 1 - exp ( - ( x I L ) d 1 L) ] 
- (- ) + - exp (d L) 
d 1 L d I I 1 - exp ( d I L) 

dL=~k 
1 tan a

b 
hb 

d2 _ 
- - [ 1 - ~ ] tan a b d

l 

(4.9) 

(4.10) 

(4.11) 

In Equation (4.9), two parametric quantities control the configuration of the stable 

beach, they are; d1 L which represents a ratio of distance between headlands, L, to breaker 

depth hb, and d11 d2 which represents a rate of longshore sediment transport along the stable 

beach. The parametric investigation for the effect of the quantities L/ hb and Qx on the 

configuration of stable beach is illustrated in Figures 4.13 and 4.14 respectively. In order to 

investigate the effect of one parameter on the configuration of stable beach, the other 

parameters must be fixed. Form this purpose the value Qx is selected to be equal zero in 

Figure 4.13, which represents a case of statically stable beaches. In Figure 4.14 the value of 
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L/hb is selected to be equal 150 from a practical view point. Selected other values for L I 

hb will lead to the same configuration but with some different values. From these figures it is 

noted that: 

(1) The general configuration of the stable beach follows that of a logarithmic spiral 

behind the upcoast headland connected with a straight stretch which extends downcoast 

towards the next headland. 

(2) The recession of stable beach increases with increasing L/hb and decreasing Qx' 

(3) The position of maximum shoreline recession moves upcoast toward the headland 

as the LI hb increases. 

(4) The decreasing ofQx does not affect the distance from the upcoast headland to the 

position of maximum shoreline recession, that can be verified mathematically from 

differentiation ofEq. (4.9) with respect to x and equating it to zero. The result given as: 

(~) = _ In 1 
1 

[ 
d L 1 

L Yo max d 1 L 1 - exp ( d I L ) 
(4.12) 

From Eq. (4.12) it is clear that the distance from upcoast headland the location of maximum 

shoreline recession is proportional to L / hb. This relationship is illustrated in Figure 4.15. 

It is observed that the position of the maximum shoreline recession moves in the upcoast 

headland of a rate which decreases with increasing values of LI hb. In Figure 4.16 the 

incident wave angle is plotted versus the ratio Yomax 1 L for different valves of Uhb where 

Qx is equal zero, which represents the case of statically stable beach. From this figure it is 

obvious that; 1) YOmax 1 L increases with increasing ab, 2) YOmaxl L increases with 

increasing LI hb, and 3) the curves become flatter as the incident wave angle ab increases 

and LI hb decreases. This indicates that the ratio YOmax 1 L tends to be a constant value with a 

smaIl ratio of LI hb ,and to be independent of the incident waves. In other words, as the 

distance between the headlands becomes smaller, the he.:ldland control concept changes to the 

offshore breakwater control concept, thus the configuration of the shoreline behind them will 

195 



\.
0

 
0

"\
 

0
.5

rl
 -
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~
 

0.
4 

0.
3 

(
~
 ) 

L
 

Y O
m

ax
 

0.
2 

0.
1 

0.
0 
I
~
-
-
-
-
-
-
-
-
-
-
~
-
-
-
-
-
-
-
-
-
-
-
-
~
-
-
-
-
-
-
-
-
-
-
-
-
~
-
-
-
-
-
-
-
-
-
-
~
 

o 
20

0 
4

0
0

 
60

0 
80

0 

L
/h

b
 

F
ig

ur
e 

4.
15

 
D

is
ta

nc
e 

fr
om

 
u

p
co

as
t 

he
ad

la
nd

 t
o 

po
si

ti
on

 o
f 

m
ax

im
um

 
re

ce
ss

io
n 

o
f 

sh
or

el
in

e 
as

 a
 f

un
ct

io
n 

of
 L

 I
 h

b·
 



0.8~--~----~--~-----'----~--~ 

0.6 

YOmax IL 

0.4 

0.2 

0.0 
o 

LI h .. 200 
b 

150 

...,,-/---

100 

,.;#".,"'" - ••• --_ ........... _ •••••••• _ ... _ ..... -, ~.< .. =~ .... -,. ... -.-.. '-... ~-... -' ... -..... 50 

•• .J 

.""....... .. _. _"'''''' _. _, ............ to ......... _.""·-·-·_·-·-·-·- ._- _. -. _. _. _. _. -- _. - ........... - .. .. 

.".."'. 

30 

a 
b 

60 90 

(degree) 

Figure 4.16 Effect of incident wave angle on maximum recession of shoreline for various. 

Yo max 
IL 

L I hb values where Ox = O. 

0.6 ~------~--------~--------~-------.---------.--------, 

0:4 

.' 
.~ 

0.2 

.,' 
.' 

.,- . .,.. . . -' 

--

. .".-.-
." ... 

Ox .. 0.0 

0.2 , .. , ...... _. _. _. -.-.-."' ...... ,. ...... _.-
.- . .". . 

0.4 
-------'----

0.6 
_ .... , ....... - ......................................... . 

/ 

_., ..•.. ..,,_._.'0 ....... -·,·· ... 

•• ..1 ..... 

_ ............ , ............. .. 

0.8 

...... ...... , ............... ... ... ............... _ ...... , ...... -- ................. -...... - .............. .. 
"' .......... .. 

30 60 

a
b 

(degree) 

90 

Figure 4.17 Effect of incident wave angle on maximum recession of shoreline for various 

Ox values where L I hb = 150. 

197 



be similar to a tombolo, and the maximum recession of the shoreline will be dependent on the 

geometry of the offshore breakwaters with a minor effect on the incident wave angle. 

Similar curves for Yomax / L versus cxb for different values of Qx are plotted in Figure 

4.17 where LI hb is equal to 150. It is noted from the figure that the decreasing value of Qx 

causes an increase in the ratio Yomax/ L. To estimate the rate oflongshore sediment transport 

within the stable beach for giver values of cxb and Bb Eq. (4.11) is used.The relationship 

between Qx and the ratio CXb;Pb is plotted in Figure 4.18 for various Uhb values. In this 

figure it is indicated that Qx increases nonlinearly with increasing cxb !l3b. The effect of the 

ratio Llhb on the relationship between Qx and cxb;Pb becomes unaffected as the value of 

Uhb increases. The applicability of the analytical solution is examined with the laboratory 

and field data. The result is 

analytical solution for static 

4.19, in which the solid curves represent the 

beach and the dotted curve indicates the Silvester's 

empirical curve for static equilibrium beach. 

4.4 Application of Stable Beach Concept to Amanohashidate Beach 

One of the successful coastal in Japan is sand bypassing at Amanohashidate, 

where nature has formed a beautiful stable beaches between the artificial inclined groins. 

Amanohashidate beach is located in Miyazu Bay, northern part of Kyoto Prefecture and has 

been famous as one of the most beauti ful landscapes in Japan. The meaning of 

"Amanohashidate" is a Bridge to the heaven, where a long narrow landscape is surrounding 

by water in both sides, Figure 4.20. 

A brief description of an investigation conducted from 1956 to 1989 is given in this 

portion which aims to develop an understanding of the shoreline changes taking place in this 

area. In addition, the analytical solutions are used to simulate development of stable beaches 

between the groins. The field data was previously presented in Yajima, Yezono, Yauchi and 
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Yamada (1982), where the nearshore sediment transport and current pattern as well as 

shoreline change at the site up to 1981, are also presented. New topographical surveying 

maps prepared in 1989 are used to improve the data on the shoreline change at the site. Since 

1951, 15 m long groins have been constructed at a spacing of 50 m in longshore direction, 

in order to prevent beach erosion. The beach erosion, however, could not be stopped by 

these small scaled groins. Then, large scaled groins with a length of 30 m and spacing of 200 

m, were installed since 1971. Due to the construction of these groins, the land was reclaimed 

and stabilized with the added benefit of beautiful stable beaches. 

4.4.1 Bottom topography 

Some information about the bottom topography at Amanohashidate beach can be 

obtained by studying the topographical 4.21 shows the change of shoreline 

position along the Amanohashidate beach since 1970 to 1989. It is seen that new land has 

accumulated and added utility to the natural landscape. Figure 4.22 shows the accretion and 

erosion areas from comparison of two topographical maps surveyed in Feb. 1981 and Nov. 

1989. It is seen that the changes in bottom topography are remarkable in the area less than 

3.0 m water depth. Thus, the area of sediment movement is limited to the place where depth 

is less than 3 m. 

4.4.2 Sediment size distribution 

Yajima, Yezono, Yauchi and Yamada (1982) collected and analyzed the sediment size 

along the Amanohashidate beach. The sediment used to from the stable beaches of 

Amanohashidate is imported from Ejiri beach, 3.6 km long from Amanohashidate, by 

longshore currents under the action of waves from Japan sea with a predominant SW wave 
I 

direction. The sediment samples were collected at horizontal normal to shoreline spacing of 

one meter, up to a depth of10 m. The sediment size distributions results and specific gravity 
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of there samples are shown in Table 4.1. The sediment medium diameter d50 ranges between 

0.1 mm and 0.2 mm, and it becomes smaller with increasing water depth. 

Table 4.1 Characteristics orbed material at Amanohashidate beach. 

Water depth (m) 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 

dso mm 0.36 0.11 0.17 0.15 0.2 i 0.10 0.18 0.11 0.12 0.089 0.095 

Spciftc gravity 2.67 2.686 2.662 

4.4.3 Wave climate 

Waves have been observed in Hioki port, north part of Miyazu bay, Figure 4.20, by 

using an ultrasonic type wave gauge at the water depth of 8 m, and in Amanohashidate by 

using a pressure type wave gauge at the water depth of 9 m. The significant wave height and 

period at Hioki port are 0.8 m - 1.5 m and 7 sec, respectively. The predominant wave 

direction is in southwest. The refraction diagrams have been used to estimate the refraction 

coefficients and incident wave angles along the Amanohashidate beach. 

4.4.4 Beach profiles 

The general bottom configuration of the stable beach presents a characteristic that makes 

it different from the typical pattern of open beach. Four stable beaches along the 

Amanohashidate were selected. The beach profiles were measured along each stable beach at 

20 m intervals, the beach profiles were measured perpendicularly to the shoreline. Figure 

4.23 present~ the location of the selected stable beaches by referring to the groin numbers 

shown in the general layout of Figure 4.21. The numbers shown in Figure 4.23 indicate the 
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Figure 4.23 Points of measurement of beach profile along four selected stable beaches. 
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measured beach profile sections. The results of the beach profile measurement are shown in 

Figures 4.24 to 4.27. These figures show similar results in that the beach slopes on the 

upcoast side of the groin are gentle, and they become steeper towards the downcoast side of 

the groin. Up to a water depth of 1.5 m, the contour lines are nearly parallel to the shoreline 

with an average slope of 1110. For water depth deeper than 2 m up to 6 m the beach slope is 

varied between 1120 on the up coast side of the groin to 115 on the downcoast side. 

4.4.5 Prediction of shoreline changes 

The shoreline changes along the Amanohashidate beach are measured from a 

topographical map prepared in 1989. By knowing the wave properties along the beach, and 

the tangential angle Pb on down coast side the analytical solution, presented in Eq. (4.9), for 

a stable beach can be applied. The results of the comparison between the theoretical curves 

and the measured data of shoreline change are presented in Figures 4.28, 4.29 and 4.30. 

These figures have been categorized based on the ratio of ab13b. From these figures it is 

obvious that the theoretical curves fits the measured data well on the downcoast side of the 

groin. However, less agreement between the theoretical curves and the measured data is seen 

on the upcoast groin side where the wave diffraction effects are strong. An improved 

prediction can be made if the numerical solution is introduced with a feedback mechanism. In 

these figures the ratio of ab;Pb is always greater than 1.0 which indicates that the beaches 

still in dynamic equilibrium stage. Figure 4.31 illustrates the comparison between the 

analytical solution and the measured data of maximum recession of shoreline,yomax' 

normalized by L, plotted versus the incident wave angle abo In this figure the ratio LIl1b is 

calculated, for each group of ab ;Pb, based on the estimated rate of sand bypass along 

Amanohashidate coast to be 4,000 m3/y. 
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4.5 Methodology for Beach Erosion Control 

Recently, beach erosion has been remarkable in many counties in the world. It is very 

important for studying beach erosion control to know first the causes of beach erosion. The 

main causes of beach erosion were classified by Tsuchiya (1987) as: 

(1) Reducing sediment sources, which is mainly due to decreasing of sediment input 

from rivers. The decreasing of sediment input affects directly beach erosion, especially in the 

vicinity of the river mouth. This effect can be remarkable in the retreat of the river delta. 

(2) Change in natural forces such as changes in the sea climate due to typhoons and 

monsoons. Recently, changes in mean sea level have been recognized by some investigators 

(e.g. Pugh and Faull, 1983), 

(3) Change in sea bottom due to earthquakes and ground layers movements. It may 

directly affect beach erosion as well as sea climate. Beside these main causes, there are other 

additional causes such as intercept the littoral drift by coastal structures and changes in waves 

characteristics due to reflection from breakwaters. 

4.5.1 Previous methods for beach erosion control 

The previous methods of beach erosion control, such as seawalls, groins and offshore 

breakwaters have not worked effectively in the long-term. This is because all these structure 

work against nature and produce erosion in the vicinity of the structures and downcoast from 

them. The concept of using seawalls for beach erosion was introduced around 1950, when 

the coastal engineers were thinking that the seawalls were the answer to control beach 

erosion, because the reflected waves were sent out to sea, and neve,r to be seen again. In fact, 

the incident and reflected waves are not just two progressive waves, but they interact to form 

a short crested waves with very complex water particle motions, which accelerate the rate of 

sediment transport and cause the beach slopes in front of the seawalls to become steeper. 
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Furthennore, this may cause the failure of the structure. 

Groins are generally built at right angles to the shore, and usually extended beyond the 

surf zone. They were constructed to intercept the littoral drift and hence fonn a beach to the 

tip of the groin. During stonn wave, a strong littoral current is generated toward the upcoast 

groin. This is deflected seaward as a rip current and carries sediment to a deeper depths. 

When swell wave returns, this sediment will be carried to the next groin. Thus, using groins 

can not stop the littoral drift and therefore they promote beach erosion. 

The offshore breakwaters are placed parallel to the shore with small spacing between. 

This little opening available for waves to form tombolo behind the structure, but erosion will 

occur at the far end beach between the structures. Brunn (1972) stated in his lecture at the 

13th Coastal Engineering Conference that, "Water shall not be compelled by any fortse 

(force) or it will return that fortse onto you". This means that the more powerful man acts on 

nature the more nature reacts upon man's ambitions. So that man should not act against 

nature, but check the reaction of nature (Tsuchiya, 1987). 

4.5.2 New methods for beach erosion control 

Recently, many coastal engineers are being advised to let nature takes its courses. 

Nature always adapts the beach between reefs or natural headlands, to minimize the littoral 

drift and to form a beautiful stable shape for sandy beach. Silvester (1979) states the 

methodology of beach erosion control in his paper as "How to copy nature". Tsuchiya 

(1987) proposed new methods for beach erosion control and beach preservation which are 

generally being applied in the field. He summarized these methods as: 

(1) To avoid offshore sediment drift by making beach slopes as mild as possible for 

reducing reflected waves by the beaches. The number of structures for beach preservation 

even for preventing nourished sediment from offshore drift should also be reduced. It should 

be expected to form sandy beaches naturally. 
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(2) To conserve the continuity of sediment drift. When the sediment sources change or 

disappear beach erosion will take place. In this case, essentially, sand bypassing should be 

carried out at once to conserve the continuity of sediment drift. 

When sediment input from river decreases, the rate of longshore sediment transport 

should be reduced for the same order. To reduce the total rate of sediment transport, 

practically, two ways which would be suitable from the expression proposed in Chapter 2 for 

the total rate of sediment transport. The first is to reduce the breaker depth by either changing 

bottom topography or constructing submerged breakwaters or offshore breakwaters. The 

second is to reduce the wave by either the bottom topography or the 

inclination of the shoreline to the predominant wave crests. 

4.5.3 Beach erosion control river 

One of the major problems of coastlines decrease of sediment input from the 

river. Severe erosion generally takes at the river mouth. To control the reduction of the 

river delta two methods are considered. increase the sediment input from the river. A 

direct sand bypassing may be considered from the river basin to the coast. This method 

would be most effective for erosion control, but it be difficult. Secondly, to reduce or 

prevent longshore sediment transport by forming a series of stable beaches. 

Based on Tsuchiya's ideal methodology for beach erosion control of river delta shown 

in Figure 4.9, in which the sediment input from the river 1S reduced, the second solution is 

recommended. Two ideal examples can be presented for controlling beach erosion of river 

deltas. The first is for beach erosion control of symmetrical river delta configuration, where 

the predominant waves are normally incident. The second example is for beach erosion 

control of asymmetrical river delta configuration, where predominant waves are obliquely 

incident. Suppose that a river flows into the sea in which the predominant waves are 

nonnally incident as shown in Figure 4.32, the configuration of the delta is symmetric. The 
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sediment input from the river was QR and has recently been reduced to Q'R' therefore severe 

beach erosion occurs on both sides of the river delta, especially at the vicinity of the river 

mouth. Based on Tsuchiya's ideal methodology for beach erosion control and the theory of 

formation of stable sandy beaches, the solution is depicted as shown in Figure 4.32(b), in 

which a series of headlands is constructed on both sides of the river delta at suitable angles 

and distances. As a result, a series of dynamically stable beaches is naturally formed. 

Figure 4.33(b) demonstrates the situation for asymmetrical river·delta configuration 

when the sediment input from the river reduces from QR to Q'R' therefore severe beach 

erosion occurs on the downcoast side of the river delta. The solution as stated before is to 

construct a series ofheadlands in order to form a series of dynamically stable beaches as 

shown in Figure 4.33(b). The upcoast side of the river delta may be suffered from a local, 

small scale beach erosion since the main sediment transport is moving with the direction of 

littoral drift towards the downcoast side as shown in Figure 4.33(a). 

4.6 Conclusions 

In this chapter the reduction process of river delta due to decrease or lack of sediment 

input from the river was experimentally investigated. A theory of formation of stable sandy 

beaches was derived based on the formulation of non-uniform longshore sediment transport 

associated with the aid of one-Hne theory. Through the investigation of the methodology of 

beach erosion control, a new proposal is made for beach erosion control of river delta. This 

proposal is based on Tsuchiya's ideal methodology for beach erosion control and the theory 

of formation of stable sandy beaches. From the experimental study on the reduction process 

of river delta, the following conclusions are given as: 

(1) The reduction of formation processes are significantly different. For the reduction 

process, the shoreline of the delta is rapidly eroded while the front line of delta retreats at a 
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very slow rate. For the formation process, both of the shoreline and the front line of the delta 

propagate at the same rate, they are almost parallel. 

(2) After a sufficient long time the beach profile reaches an stable shape which called 

the equilibrium beach profile. 

(3) With the equilibrium beach profile, the rate of longshore sediment transport 

becomes very small and unaffected to change the shoreline, while the on-offshore movement 

becomes predominant. 

(4) Likely the formation process of river delta, the cross-sectional area of the reduced 

beach profile is correlated linearly to the shoreline change. The gradient of the relation in the 

reduction process is larger than 

A theory of formation of 

.gnldllent of the relation in the fonnationprocess. 

beaches was cledved by the f01TI1ulation of non-uniform 

longshore sediment transport assoCiated with the aid of the one-line theory. Applicability of 

this theory was examined by use the field data of stable beaches at Amanohashidate beach. 

As a conclusion based on the '-'-'AUV'_'" prototype data and analytical solution, the 

estimation for the shoreline configuration of stable 

solution could introduce the effect of diffraction, the 

analytical solution provides a 

beaches. However, if the 

result may provide the best overall results. Still, it would be possible to make an even more 

ac<;urate prediction of the shoreline change. Possible future improvements which can made to 

include the longshore Wave height variation, wave diffraction pattern and more other 

parameters. 

The methods of controlling or preventing the coastal areas from beach erosion were 

investigated by introducing the previous and new methods for beach erosion control. Since 

the previous methods of beach erosion control failed to prevent or even reduce the beach 

erosion, we should allow nature takes its courses. Nature always forms the beach between 

reefs or natural headlands to minimize littoral drift and to form a beautiful stable shape for 

sandy beaches. A new proposal was made for controlling the beach erosion around t~e river 
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delta which is based ofTsuchiya's ideal methodology and the theory of formation of stable 

sandy beaches. Two ideal examples were presented for controlling beach erosion around 

symmetrical and asymmetrical river delta configurations. By constructing a series of 

headlands at the areas where severe beach erosion occurs, a series of stable beaches is 

formed and a new land reclaimed from the sea will add benefit of beautiful stable beaches for 

recreation. 
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Chapter 5 CONCLUSIONS 

The formation and reduction processes of river deltas, and their control have been 

investigated in this study. A new formulation of non-unifonn longshore currents and the 

associated longshore sediment transport has been derived based on introducing of the concept 

of boundary layer theory. This formula of non-uniform longshore sediment transport rate has 

been employed with the aid of the one-line theory to develop analytical solutions for 

evolution of the shorelines of the river delta and to derive a theory of formation of stable 

sandy beaches. Three eXl)erlm lemal studies were carried out, 1) on the similarity of velocity 

profiles of non-uniform currents, 2) on the foonation process of river deltas and 3) 

on the reduction process of The for beach erosion control due to 

the reduction process of river A new proposal is made for beach 

erosion control of river deltas on 

control and the concept of formation of 

presented for controlling beach of 

ideal methodology for beach erosion 

beaches. Two ideal examples were 

and asymmetrical river delta 

configurations from the of mechanism of longshore sediment transport. The 

following conclusions can be from this study as follows: 

In Chapter 2, the concept of boundary layer theory is introduced to the nearshore region 

based on the similarity process between the flow motion within the boundary layer and the 

nearshore currents within the surf zone. The boundary layer theory is authorized by two 

essential assumptions; they are the velocity profiles of longshore currents are similar and 

wave set-up is independent of longshore direction. Employing these assumptions the 

nearshore currents equations could be simplified to arrive a new equation of non-uniform 

longshore currents. This equation is similar to the boundary layer integral equation and 

contains integration coefficients which depend only on the velocity profiles of longshore 

currents. Therefore, an experimental study on the similarity of velocity profiles in 
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non-uniform longshore currents was carried out. The experimental results reveal that the 

coefficients which appeared in the new equation of non-uniform longshore currents are not 

functions of longshore direction nor time. The comparison of the new equation of 

non-uniform longshore currents with detailed laboratory measurements indicates that the 

similarity of the velocity profiles is very satisfactory. 

and Yasuda's formula for estimating of the total rate of longshore sediment 

transport is extended to include the non-uniform terms. The general equation of the total rate 

of longshore sediment transport is then formulated. This new formulation of non-uniform 

longshore current includes the effects of sediment size, beach slope and bed roughness, and 

has been verified with the field and laboratory data plotted in the well known Komar's figure. 

With this formula, the CERC formula could be modified. 

In Chapter 3, the physical description of river delta formation has been investigated 

two field cases; the Nile Delta coast, Egypt, and the rI?ajor river deltas in 

The formulation of non-uniform longshore sediment transport has been 

prnnlr'"UP,n with the aid of the one-line theory to derive a general formal solution of river delta 

formation. This formal solution takes into account the effect of longshore variation of beach 

For various initial and conditions, several analytical solutions for evolution 

of the shorelines of river deltas have been derived. The formation process of river delta has 

been also studied main conclusions drawn from the experimental study 

on the formation process of river deltas are: 1) For wave-dominated delta type, the longshore 

variation of beach slope is very small with a mild beach The shoreline grcldllent 

the direction is in curved of river delta shape. 

the for river-dominated delta beach is varied the 

river delta with at the river mouth and milder one at the sides of the 

river curved shape of river delta. 2) When ,..,. .. "..;rlu 0v f"',,,,,,, ...... waves are 

obliquely incident, the configuration of delta will be ."e',. ..... .,."..''''. With 

configuration of river delta, the currents on the downcoast side are stronger than 

the longshore currents on the upcoast side. As a result much sediment are and 
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depositing on the downcoast side than on the upcoast side. 

In comparing of the analytical solutions for shoreline evolution of river deltas with the 

experimental measurements of delta formation and the major river deltas in Lake Biwa, 

favorable agreement was found. For wave-dominated delta type, the analytical solutions can 

predict the shoreline evolution with a high level of accuracy. less accuracy was 

considerable- for evolution of shoreline changes of river-dominated delta type. 

In Chapter 4, the reduction process of river delta due to decrease or lack of sediment 

input the river was investigated. The reveals that the 

reduction process is '-'."' ... AA,.., ........ 

process, the shoreline of river 

front line 

beach 

A 

fonnulation of nOlrl-unitonn H)fl}2;Sl1iOre ",",'WIU"'-'U< tmlrlSP',ort 

The UPIJH'~UU'''H 

of stable beaches at 

calculated date 

for the corlti~~fl:lti(m 

One of the -nr1'n ..... 'nI of this is to control 

which occurs due decrease or lack of sediment 

the 

data 

estimation 

the river 

The memC)OOlOSl(V for 

erosion control was Im1esttgatt~d 'HLlV,",''"''~,'''''' the ""'''''''~''I",,''<'' and new methods for 

erosion control. The n"""~"',\'H- methods of beach erosion such as "" ... .Ln, ...... ",. 

groins and offshore failed to control the beach ""''''",'''',,, ..... these 

""",..-.., .. ,,,,, established his ideal mt~UlI0040101Q:V for beach structures promote beach erosion. 

erosion control from the view the total rate of longshore sediment 

transport. .. H,.V ..... ' .... '"',u .... his of of stable sandy 

beaches, a new "".-,"\ .... , .... <"-:. is made for ,,'-'., ... '~ ......... beach erosion of the river deltas. Two ideal 
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eX;lmpl<:~s were pn~sente:d for controlling beach erosion HUll1'-"1 ....... : .... and as'vmm(~tncal 

delta In order to control beach erosion of symmetrical river delta 

COJrlIl;gtiJffitllon from the view of mechanism of iOfllZshoJre sediment transport where the 

sediments 

headlands 

from the river move and U'-'~JV.:J" on both sides of river a series of 

delta at suitable and SpalCInlgs. The 

of formation stable sandy beaches is used to determine the suitable angles and 

distances of headlands. For beach erosion often 

occurs on 

river move 

downcoast side of the river 

this side. 

the 
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in which most of sediments from the 

a series of headlands is constructed on the 

a series stable beaches is HU"VAUU 

of beautiful 

be directed towards the 

beaches to control beach 

established, it is still 

better of beach 
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