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PREFACE

This book reflects the results of basic research and practica experience in sediment transport and
morphology in rivers, estuaries and coastal seas all over the world during a period of about 15 years.
The purpose of this book is to give a unified view of sediment (sand and mud) transport over a wide
range of conditions; from quasi-steady river flow to the violent wave-breaking processes in the surf
zone of coastal sess. It was not the intention of the author to give a complete overview of the
overwhelming amount of literature available. On the contrary, the emphasis is laid on the description
and the application of those theories and formulae which have proven to give redistic results based on
the authors experience.

The application of refined theories consisting of many complicated equations is often not justified,
given the uncertainties of the input data like current velocity, wave height, bed material composition,
bed forms and roughness. An elegant way to overcome this problemis to represent the refined model by
amuch more ssimple parameter model or computer data base model.

Chapter 2 presents an overview of the near-bed fluid velocities and shear stresses, both being the
driving agents of the sediment particle motions. The current boundary layer as well as the wave
boundary layer are discussed. Basic wave properties are presented. Mass transport by non-breaking and
breaking wavesis summarized.

Chapter 3 covers the fluid and sediment properties like dendty, porosity, shape, size and settling
characteristics of the sediment particles.

Chapter 4 presents the processes of initiation of motion and suspension in terms of the critical velocities
and bed-shear stresses. Specia attention is given to the design of stable channels which is an important
aspect of irrigation projects.

Chapter 5 covers the characteristics of bed forms generated by currents aone, by waves and by
combined currents and waves. Bed form classification diagrams are given and the shape and dimensions
of the bed forms are discussed.

Chapter 6 presents information of the effective (grain and form) roughness of a sediment bed. Methods
based on bed-form parameters as well as methods based on integral parameters (velocity, depth,
sediment size) are discussed.

Chapter 7 dedls with bed load and suspended load transport in steady flow. Both deterministic and
stochastic approaches are discussed. The classical diffusion theory is used to describe the distribution of
the sediment concentrations over the depth. Specid attention is given to stretification effects of high-
concentration suspensions.

The Chapters 8 and 9 cover the field of sediment transport by waves and by combined currents and
waves. The various transport processes related to breaking and non-breaking waves are identified; high-
frequency and low-frequency phenomena are discussed. Emphasis is put on data andyis of
concentrations and transport rates measured in flumes, tunnels and in nature.

Chapter 10 isrelated to the transport of sediments in non-steady and non-uniform conditions. The basic
principles of erosion and deposition of sediment particles are presented.

Chapter 11 presents detailed information of the transport of cohesive sediment materials (mud). Basic
phenomena like cohesion, flocculation, settling, deposition, consolidation and erosion which take place
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in a continuous cycle, are discussed.

Chapter 12 dedls with the mathematical modelling of sediment transport and morphology. Three-, two-
and one-dimensional models of flow, waves, sediment transport and morphology are presented.

Sediment transport cannot be studied without proper knowledge of measuring instruments. The
accuracy of the datais strongly related to the type of instrument applied. Chapter 13 presents a detailed
overview of the available measuring principles, statistics, methods and instruments. Simple mechanica
and sophisticated optical, acoustical and nuclear instruments are discussed.

The book ends with four appendices. Appendix A presents the TRANSPOR-program (available on CD-
ROM) which is the sediment transport model of the author. Appendix B deals with sand transport in
closed conduits (pipdines). Appendix C presents a method to eliminate side wall roughness which is
necessary for narrow flumes and channels. Appendix D isrelated to pollution aspects of sediments.

Many caculation examples of available methods and formulae are presented throughout the book,
which may help the reader to find a way through the many available equations. A CD-ROM
(TRANSPOR1993-program) for computing sediment concentrations, transport rates and bed-form
dimensions in a current aone and in combined currents and waves is available to help the reader to
solve practical problems.

The present book has been written with a view to morphology of sediment beds. This latter field of
work will be described in a forthcoming book: "Principles of Morphology in Rivers, Estuaries and
Coastal Seas'.

The author hopes that the present book and the TRANSPOR-program will serve as a useful tool for
students and graduates in civil engineering, earth sciences, physical geography and oceanography.

Leo C. van Rijn
Oldemarkt
January 1993

ACKNOWLEDGEMENTS

The author wishes to acknowledge Delft Hydraulics and the Department of Physical Geography of the
University of Utrecht for the typing and the editing of the manuscript.

| am grateful to the discussions and comments of al my national and international colleagues, without
whom this book could never have been written.

| am dso grateful to the following copyright holders for permission to reproduce figures. Delft
Hydraulics, American Society of Civil Engineers, North-Holland Publishing Company, U.S. Geological
Survey, Nedeco, D and A Instruments USA.

C.14



ERRATA 1

Page

Line

Subj ect

25

Line19

The current-related bed-shear stress can also be expressed as:

V' =(U8)pf'o(Unean)’=0.5 p (0.25f'c)(Unmean)”

using: u,=[In(30a/ks)/(-1+IN(30h/Kc))] Umean

with u;=velocity at reference level (a) above the bed, it follows
that:

5,c=0.5 p (0.25f¢) [(-1+In(30h/k¢))/IN(30a/k.)]*(us)?

' cseftecive=0.25 ' [(-1+In(30h/k,))/In(30a/k)]*

The bed-shear stress can also be determined from:
U=(u+/x)In(30alk;) or

5,6=0.5 p (2A)[IN(30akd)]? (Ua)?

and

T e=110,=0.5 (Ffe) p (2<7)[In(30ak)] ? (Ua)?

This latter equation can also be expressed as:

5,c=0.5 p (0.25f¢) [(-0.92+In(30h/k,))/In(30alke)] (u)? which
isamost equal to:

,=0.5 p (0.25f)) [(-1+In(30h/k,))/In(30a/k.)]*(Un)?
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ERRATA 2

Page Line Subj ect
2.45 Line5 Kamax=10K4
245 Line 19 insert after n, ov-values: according to Equation (2.4.26) and
Equation (2.4.27)
247 Figure 2.4.13 Thew FEfersto flow resistance experienced by the current (Egs.
2.4.26 and 2.4.27)
3.13 Line10 Equation (3.2.22) wasfirst proposed by Zanke (1977)
45 Figure4.1.3 Re=u: o div
4.7 Figure4.1.5 Initiation
4.14 Line24 Equation (4.1.32) only valid for aflat bed
4.23 Line8 1.45 should read as 1.42
4.30 Line4 1.06 10*(t0)* should read as 1.06 10°/(tp0)*°
4.30 Line13 T shouldread as T,
5.28 Line7 Oy in M?/s; T4 in seconds
5.28 Line 15 B should read asy
5.44 Line5,6,7 U o should read as U+
5.45 Figure5.5.1 Vertical axis. current-related in stead of wave-related
5.46 Line 17 wave-induced should read as current-induced
5.47 Table5.3 Maga should read as Mega
551 Line 10 Fig. 5.4.6 should read as Fig. 5.5.1
5.51 Line13 0.306 m should read as 0.306 m/s
5.51 Line17 0.00194 should read as 0.0194
551 Line 23 2D should read as 3D; Fig. 5.4.6 should read as Fig. 5.5.1
551 Line24 Fig. 5.4.7 should read as Fig. 5.5.2
5.52 Line3 insert after velocities. (parallel to the coast)
5.52 Line4 insert after wave height: (normal to the coast)
5.52 Line6 insert: What type of bed forms are present?
What are the bed form dimensions?
6.20 Line 6 (psp)
6.20 Line 14 peak wave -related
6.22 Line 1,2,3,4 from bottom | ks, should read ask’,,
6.24 Line 10 from bottom 0s50=1000 pum should read as dy=1000 um
6.25 Line3 Eq.(2.4.29) and Eq.(2.4.30)
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ERRATA 3

Page Line Subj ect

7.33 Line 15 e=(1+apu)u

7.62 Line 10 6-6 should read as 6'-6

7.67 Equation (7.3.32) only valid for 6:<2.5

7.95 Line7 10346+279(006D")-098(100D")2. | 5t term of exponent to power 2

7.96 Linel 80% should read as 75%

7.99 Table7.12 Last column: 0.004 should read as 0.001

7.102 Table7.14 Last column: 12.4 shouldreadas 19.3

18 shouldreadas 4.2

0.12 shouldreadas 0.48
0.03 shouldreadas 0.15
0.003 shouldread as  0.03

8.4 Line 16 Cs should read as C, ; U, and Cs are also not correlated

8.11 Line13 Wright et al. (1991) should read as Wright et al. (1992)

8.59 Line 6 from bottom The sediment transport in the onshore (or offshore) period of
the oscillatory flow (qy) ...

8.60 Line 18 Ow,har=time-averaged transport rate over a half cycle (onshore
or offshore period); ow.net=(Ton GQw,ont Toft Qw,off)/ T; Ton CaN be
computed &s: Tor=(Uorr/ (YontUoir)) T _ _

8.60 Line 13 from bottom U;= Peak value of near-bed orbital velocity (Us on OF Us o)

8.61 Line1l fw=fricton factor based on particle diameter or sheet flow layer
thickness (about 0.01 m)

8.61 Line12 tanp is positive for upsloping bottom in x-direction

8.62 Line2 Ownar=time-averaged transport rate over ahalf cycle (onshore
or offshore period); ow.ne=(Ton GQw.ont Toff Gwoff)/ T; Ton CaN be
computed as. Ton=(Uoi/ (UontUair)) T

8.64 Line2 Ow raf=time-averaged transport rate over a half cycle (onshore
or offshore period); wnet=(Ton Gw,ont Toft Qw,ofr)/ T; Ton CaN be
CompUted as. Ton:(Uoff/ (Uon+Uoff))T

8.64 Line 24 T>15sshouldread asT>12 s

8.68 Line 7 from bottom 2.7 should read as 2.

8.69 Line 2 from bottom T=7sshouldread as T=12s

8.70 Line7 f.on ShoUld read as fy, on; fu.oir Should read as 'y, o

8.70 Line1l assuming To=To=0.5T

10.18 Line 2, 4 from bottom T in hours

10.19 Line4 specific

10.19 Line 10, a=1+3r, and ro=turbulence-rel ated coefficient (0.15 for

Equation 10.3.10 uniform flow)

11.15 Line 18 11.5.2 Concentrationslarger than 10 kg/m* (hindered
settling range)

11.15 Line 6 from bottom 11.5.3 Concentrations from 0.3 to 10 kg/m* (flocculation
range)

11.34 Line9 SAR=Sodium Absorption Range; CEC=Cation Exchange Range

A-2 Line 1 from below exponent should read as -0.25

A-4 Line7 exponent 0.5 (in bed-shear stress current) should be removed
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