SEDIMENT TRANSPORT
IN ALLUVIAL STREAMS

JANOS BOGARDI

Member of the Hungarian Academy of Sciences
University Professor

1828
i)

AKADEMIAI KIADO - BUDAPEST 1978




CONTENTS

Preface
Author’s Preface
Contents
Introduction
PART ONE

THEORY OF SEDIMENT MOVEMENT

Chapter 1.1. Investigations on sediment and its movement

1.1.1. Sediment in alluvial streams
1.1.1.1. Sources of sediment
1.1.1.2. The movement of sediment
1.1, Characteristics of sediment and bed material
1.1.2.1. Size, shape, specific gravity and granulometry of sediment
1.1.2.2. The mineralogical composition of sediment
1.1.2.3. The fall velocity of sediment particles

1. The fall velocity of spherical particles

2. The fall velocity of particles other than spherical
1.1:3. Earlier theories on sediment transport in streams
1.1.3.1. The tractive-force formula of Du Boys
1.1.3.2. Earlier theories of major significance

1. The critical tractive force

2. Critical velocities

3. Bed load transport

4. Abrasion of bed load

5. Suspension of sediment

6. Suspended-sediment transport
1.1.3.3. Research into sediment transport
1.1.4. Advances in the theory of sediment transport
1.1.4.1. Theoretical relationships in sediment transport
1.1.4.2. The introduction of theoretical relations
1:1.5: Trends, methods and means of contemporary research
1.1.5.1. Recent trends in sediment research
1.1.5.2. Methods and means of research

1. Methods and devices of bed load measurements
a) Bed load traps
b) Bed load noise detectors
¢) Tracers
(i) Heavy mineral tracers
(ii) Luminescent tracers
(iii) Radioactive tracers
(iv) Magnetic tracers
(v) Measuring structures

13
17

23

23
23
33

36
49
55
55
70

80
84
84
89

98
103
103
105
109
109
115
127
127
129
129
12%
133
133
134
134
135
138
139

13




Chapter 1.2.

121
1.2.2
1.2.2.1.
12232
128,
1.2.4.
1.2.4.1.
1.2.4.2
1.2.5.
1.2.5.1.
1.2.5.2.
1.2.6.
1.2.6.1.
1.2.6.2.
1.2.6.3.
127
12271,
12572,
1.2.7.3,
1.2.8.

1.2.9.
1.2.9.1.
1.2.9.2.

1.2.10.
1.2.10.1.

1.2.10.2.

1:2:10.3.

Chapter 1.3.

B et ek
W oo s
[

B

14

-

. Methods and equipment for measuring suspended load
a) Suspended-sediment samplers

b) Nuclear concentration meters
¢) Automatic samplers

3. Bed material samplers

4, Methods and means of measuring deposited sediment

Bed load

The movement of bed load

The boundary conditions of movement

Initial movement and variations of the stream bed

The boundary conditions of movement and no movement
Criteria for the boundary conditions of bed load movement
Introduction of the variable critical tractive forces
Variation of the critical tractive forces

The law of variable critical tractive forces

The law of variable critical velocities

The variation of critical velocities

The law of variable critical velocities

Rate of bed load transport

Classification of bed load transport formulas

Theoretical relations

Experimental relations

Examination of transport relationships

Comparison of different transport relationships

Bed load transport parameters

Physical quantities controlling the rate of bed load transport

Rate of transport at given particles sizes, at constant depth, slope or

discharge

Recent efforts to determine universal bed load transport formulas

Relationships concerning the total rate of sediment transport
Relationships concerning the rate of bed load transport
The wearing of bed load
Wearing of bed load particles in movement and at rest
1. Wearing of moving particles
a) Wearing of prismatic particles
b) Wearing of spherical particles
2. Wearing of stationary particles
a) Wearing of prismatic particles
b) Wearing of spherical particles

Laboratory experiments on the wearing of bed load particles in move-

ment and at rest

Field observations on the wearing of bed load particles in movement

and at rest

Suspended sediment

The movement of suspended sediment

Sediment concentration and its description
Balance equations of suspended-sediment transport
The general transport theory

Balance equations of suspended-sediment transport
The theory of turbulent sediment transport

139
139
141
142
142
143

144

144
152
152
154
157
178
178
186
211
211
223
242
242
244
257
274
274
286
290

291
299
299
314
328
328
330
330
331
332
332
334

336

343

346

346
348
351
351
357
366



— —
Lo L
O Lh

(T T T TN T P TR T
emithondl e e e M oo
W D e

— . b bt
=]

1.3.10.1.

1.3.10.2.

Chapter 2.1.

2.1.1.
2.1.2,
2.1.3.
2.1.4.
2.1.5.
2.1.6.
2.1.6.1.
2.1.6.2.
2.1.6.3.
2.1.6.4.

Chapter 2.2.

2.2.1.
e 1 I
Ly B
2.2.2,
2.2.3.
224 .

Chapter 2.3.

231
230418

The gravitational theory of suspended-sediment transport

The theory of turbulent sediment transport with allowance for the energy

of pulsation

Recent sediment transport theories

The theory of F. I. Frankl

The theory of A. K. Ananyan

The theory of I. V. Nagy

The theory of V. G. Sanoyan

Determination of the mean sediment concentration
Suspended-sediment transport under unbalanced conditions
Application of the relations on suspended-sediment transport in hydraulic
engineering

Slurry transport

1.

PN oYW

10.
11.

The method of G. N. Roer

. The method of A. P. Yufin
. The method of R. Durand

The method of A. M. Tsarevsky
The graphical method of Gy. Maurer
The method of 1. G. Haskelberg
The method of A. Z. Yevilevicsh

. The method of S. A. Korzhaev
. The method of Goryunov

Method suggested in a contemplated Soviet Standard Specification
Comments on the methods listed above

The settling of sediment in flowing water

PART TWO

SEDIMENT AND WATER COURSES

Empirical relations

Relations determined on the basis of field measurements
The influence of hydrological factors on sediment transport
Empirical relations of bed load transport

Empirical relations for transport of suspended sediment
The ratio of suspended sediment and bed load

Silting along backwater reaches

The influence of river canalization on sediment transport
Silting above barrages

Control of silting in reservoirs

Tailwater scouring

Sediment and the hydraulic factors of streams

Alluvial streams

The velocity of flow in alluvial channels

Roughness conditions in alluvial channels

The hydraulic geometry of streams

The influence of hydraulic factors on bed load transport

The influence of hydraulic factors on suspended-sediment transport

The regime theory

Review of historical development
The concept of the stable channel

385
399

410
414
415
416
416
427

440
440
448
450
454
458
458
458
460
460
461
465
468
475

485

485
486
500
522
567
3T,
577
580
597
598

600

601
609
618
623
626

630

630
630

15



2.3.1.2. Historical development

232 Equations applying to non-silting and non-scouring canals
233 New trends in the regime theory
Chapter 2.4, Sediment transport and river regulation
24.1. Principles and methods in contemporary river regulation
2.4.2. The influence of sediment conditions in selecting regulation methods
Chapter 2.5. Hydraulic similarity in sediment transport
2.5.1. Hydraulic similarity in model tests of sediment-carrying streams
2.5.1.1. The problem of similarity
2.5.1.2.  Evolution of model-1esting of sediment-carrying water courses
> 52, The Einstein—Ning Chien method
2.53. The Einsiein—Ning Chien method modified by the author

2.5.4, Further methods related to the hydraulic similarity of alluvial streams
2.5.4.1. Yalin’s method

2.5.4.2, The investigations of Komura

2.5.4.3. The method of Zwamborn

2.54.4. The method of Herbertson

PART THREE
PRACTICAL INTERPRETATION OF SEDIMENT OBSERVATIONS

Chapter 3.1. Data processing and methodology
3.1.1L Examples for processing sediment observation data
3.1.1.1. Observation data on sediment transport
3.1.1.2,. Methodology

. Correlation by graphical and analytical methods

. Graphical correlation when power functions are grossly misleading

. Determination of the highest transport rate expected

Sediment transport related to stages on other gages. Three-variable

relations

Sediment transport related to seasons and to the character of stages

. Determination of the annual mean sediment transport

Checks on sediment transport relations by means of hydraulic con-

ditions

. Variations in sediment concentration and flow velocity with depth
and cross-section

9. Formulae describing the variation in sediment concentration with

NoUM BWN=

o

depth
& ¥ [y Sediment transport in water courses in Hungary
List of symbols
Units
Literature

Author index
Subject index

16

633
639
652

654

654
657

660

660
660
673
681
689
708
708
711
713
714

717

717
717
718
719
721
724

727
733
735

735
752

753
762

783
792
795
819
823



