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RATURE REVIEW

2.
2.1 PROPERTIES OF SEDIMENT
Z.1.1 SIIE &ND SHAPE

Sediment arg broadly classified as cohesive aw
noncotiesive. Noncohesive sediment particles react to Fluild
farces &ﬁd‘ their movements are affected by +the physical
properties of the particles such a8 size, shape; specific
weight, densgity and fall velocity.

it is necessary to make statistical art-é;t vsis of these
charaﬁteriﬁtl gy, a& determined from tfm atiequate number of

samples of sufficient sige in grder to define Ffully the

representative particle characteristics of aﬁv sedinent
mixture as. a whole. The. statistical analysis may consibt of
frequency curves,; guartile and soment meEssUres.

The most commonly ussed method to determine size
frequency is mechanical or sieve aenalysis, In general the
results are presented as eumulativa-siae frequenay
CUr ves. The fraction or percentaga by weight of a sedisent
that is smaller or larger then a given size is plotted
agafnst particle size. From the size frequency curve it is
possible to obtain: ‘

b35; The size of sediment $or which 385 percent of the
sample is finer, Thiz size was specified by EINSTEIN as &
repregentative grein size of the sediment migture.

D48, The size used by SCHOKLITSCH, +to represent the
mixture,

LS8, The wmsdian diameter. BHIELDS used this size in






geometric mesn size,

Particle shape may be considered statistically as a
distribution of the geometric properties of the grain, rather
than a cataloging of the individual shape of each particle.
Various schemnes have been devised to take measurements and
present data are useful in defining particle shapse.

Shape factar (sphericity or roundness) can be conputed
for bulk sediments and presented as frequency curves when
gither moment or quartile messures are used im'de&erib& the

shape factor of the sediment.
2.1.2 FALL VELOEITY

The primary wvariable defining the interaction of
sediment +transport with the bed, banks or suspended in the
fluid is the fall velocity of sediment particlesc

A particle falling at terminal velocity in a guiescent
fluid is driven by the resulting force considering the
particle buoyant weight and the resisting force resulting

+rom fluid -drag. The general drag eguation is:
£, = Cp.f.a W2 2.2)
n i ‘.“.DAI - - WA ® B S A AR eSS aRa -5 -

Where: F, , is the drag force
€p ¢ is the drag coefficient
A , proyected area of the particle in the
direction of fall.
For natural sands with the Reynolds number less than
@.1;, the coefficient of dirag (C ), 18 indeperident of the

shape factor and edual to 24/Fe ; where Re is the Reynolds



numbher of the particle.
For spheres the eguaticn for fall velocity acctording

to GTOKES is3

- !ﬁ-f‘ 39.5
' 18. &f

s aE G sad W Em {3.3}

wheres £ ; ie the demsity of the particle.
W § the fall velscity
4{ 3 the Dynamic Viscosity
D 3 the particle diameter.
When Reynolds number is greather than 8.1, the equation
for fall velocity iss
4 g«H.?)r 0D consnansns 2.4)
W = s e
3 Ly
Wherer ¥, § 48 the specific weight of the particle.

¥ ;3 is the specific weight of ths water.

2.2. FORMS UF BED R

2.2.1 BED CONFIGURATION WITHOUT

Plane bed without movemsnt has been studied to
determine the flow conditions for the beginning of motion and
the bed profiles thet would form asfter beginning of wmotion.
In gerieral, SHIELD™S (1934) relation for the itcipient motion
of sediment is adeguate.

With plane bed without bed material ‘transport the
values of CHEIY’S discharge coefficient range from 18 to 20
and the MANNING'S roughness coefficient vary .from 90.012 to

B. 814,






depth for cosarser sand (050 > B.3 mn.) amd decreases with an

increaseé in depth for finer ssnds (000 < €.3 mm, ).
'2.2.4 PLANE BED WITH SEDIMENT MOVEMENT

If the shear stress or the stream power ies continuasly
increased, the size of dunes increases until the dunes reach
a maximun height at a certain stream power. Finally,; the
dunses completely disappear and & flat bed is formed, In this
case, the caoncentration of bed material ranges from about

1509 to 3220 ppm.
2.2.85 ANTIDUNES

When the shear stress or the stream power is further
increased, water and sand waves gradually build up, from a
plane bed and from a plane water surface the waves may grow
in height until they become unstable and break like the sea
surface or they may gradually subside and subsequently
reform. As the dntidunes fofm and increase in height, they
may move upstream, downstresm, or remain stationary. Their
upstream movement led BILBEERT {19147 to name them antddores.
Thig is the positive indication that the local flow is rapid
(Fr > 1). KENNEDY (1961), studied the antidune flow and
$ound that the wave length of antidunes is given by L= 2vu®/g
wheres U is the mean velocity and g the gravity.

2.2.6 CHUTES AND POOLS

At wery steep slopey; sand~bed channel flow changes to
chutes and pools, Chutes and pogls flow eguld not be

attained using coarser sand because the steeper slope



required could not be set up in the flume. This type of flow
consisted of & log chute {(3.048-9.144 mm.) in which the +low
accelerate rapidly, a hydraulic jump at the end of the chute,
and then & long pool (3.048-9.144 mm.) in which the flow was
tranguil but was accelerating. The chutes and pools maved
upstream at velocities of about @.3-8.& m/min. The elevation
of the sand bed varied within wide limits, although at no
time was the flume floor exposed. Resistance ﬁa flom was
large, and C/VG ranged from 9 to 16. This type of flow was
frequently accompanied by a decrease in the mean velocity of
the flow in the flume even though there was an increase in

stream power.
2.3 BEGINNING OF SEDIMENT MOTION

When the drag force is less than some critical value
the bed material of a channel remain motionless. Then the
bed can be considered as rigid. Byt wher the shear stress
cver the bed attains or exceeds its critical value, particle
motion begin.

KRAMER (1945), has defined threes types of motion of bed
materials

t1) weak movement: only & few particles are in motion

on the bed. The grain "meving on one square
centimeter of the bhed can be counted®

(2) Medium movement: the grain of mean diameter begin

to move. The motion is not logecal in character but
the bed continues to be plane.

(3 Beneral movement: All the pixture is in motiong

“the movement 18 otCuUrring in all parts of the



bed at &11 times".

2.3.1 SHIELDS DIAGRAM

Many experiments have been conducted to develop and

explicit solution of theoretical equation:

fuﬁc
;"_""""f“" = ‘F(U*C-EB!Q ) ENSasmEEET R AD ‘2!5)
¥ .Ds

(Ws-7)

¥ = specific weight of sediment

Where: 3'.‘

| ™ spgecific weight of water
D8 = characteristic dim%er of the particle
Uke = shear velocity at the threshold condition.

The. earliest one is the graphical presentation given by.

Shields (1934) is widely accepted and Te /Ys~-¥)Ds is often

referred to as Shields parameter.t Te= critical shear stress)

Shields determined this relationship by measwring bed

ipad transport for various values of ¥ /{¥;-7 iDs.

Bhields diagram can be divided in three-regions:

REGION 1: US.Ds/) < 3.63-5.0

In this region Ds < 3§ , and the boundary is considered
hydraulically smooth (3 is the thickness of the laminar
boundary 1ayer).

REBIDN 2: 3J.&43-5.9 ¢ Us.Ds/Y < 6B8.8~70.0

In this region the boundary is in a transitional state
and 8/3 < Ds ¢ &4

REGION 3: Ux.bs/y > 70 - 5o@

In this region the boundary is completely rough ands
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Fi = ---—3;i~—-~ = 9.26
{¢:-¥ ».Ds

F¥ = dimensionless shear stregs
2.4 BED LOAD TRANSPORT

When the {flow oveér movable boundaries of a channel has
hydraulic conditione esceesding the eritical condition for
motion of the bed material, sediment Eranspgrt will start.
I¥ the motion of entrained particles is ong of rolling,
£liding, and sometimes jusping in the bed layer, this kind of
sediment  transport is commonly referred to as bed-leoad

transport or contact load.

2.4.1 DU BOYS® FORMULA (1879)

Advances in the theory of sediment transportation may
be assumed to have taken place with the introduction of the
tractive force Fformula by Du Boys, SCHOKLITSCH (1914),
groved Du Boys model of sliding layers toc be wrong, but his
experimental data could be well represented by Du  EBoys®
equation. O"BRIEN and RIMDLAUB (1934) gensralized Du Boys’

egquations:
qb HK‘T.( rﬂ"t‘) ..\.-...‘....‘.—..:.iz'..ﬁw—)

Where: q = Volume transport rate of the bed load per
unit width (Kg/m.sec)
K = Parameter considered to depend largely upon
sediment characteristics.
Mo = Unit tractive force enerted by the #low an

the bed of a wide channel (Kg/mﬁ)
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Te= Critical shear stress 4Kg/m‘).

2.4.2 MEYER — PETER AND MULLER FQO

Meyer - Peter and Muller (1948), based on expériments
with samd particles of uniform sizes, natural gravel, lignite
and barita developed a formula similar in the form to the Du
Boys® formula.

4 e W% ¥
(¥ ) (g)&%.ﬁt&m 'y (B%"&)% d.8 - B.@m’éf{ﬂ..ﬂm.}

pr——

,g_‘; yeal a Hgn sax (2.7

qb’*
Wheres q, = Sediment discharge in Ton/day.ft
3% ="Spnc£41c weight of particle
[ - Speciftic weight of water
g = gravity
DR = Particle size at which 90% of +the bed
material iz fiper (m
bm = Effective diameter of sediment (mm)
@' = Water discharge determing bed load transport
8 = Total water discharge
fy = Raughness coefficient
d = Water depth

§ = Energy slope.
2.4.3 EINSTEIN ~ BROWN FORMULA

This formula is a modification developed by BROWN

1198@) of a formuls by EINSTEIN <1942).

¢ = sc1s¢) ceeanees (2.8

Where:






3 = jnclimation of the bed surface

DKLITSCH (1914)

qV ‘H'K. (Té—¢¢) P % 1.5

Wheres k' and m are a function of the medisn diameter
af sediment (1.5 < m € 1.8

% /¥e, the same defined in Du Bovs foraula.
2.4.6 SHIELDS (1938)

Froposed from his experimentxzl resulits & disensionally
homogeneous transport function of the farm:

__Eb % _ 1 ('_Tu B A

Tt

%.5.7 (%,-8)Ds

(TR SN T (2;11’

withi g = Bediment discharge per unit width
G = Hater discharge per unit width
B = Intensity of bed shear
e = Critical shesr stress
De = Rupresentative disaseter
¥ = specific weight of water
¥s = specific weight of sediment

8 = slppe of the ensrgy gradient.

2.4.7 KALINSKE {(1942)

*q:h = ﬁ‘-"P-E’E-ﬁg Pl ek ee e a Rk (2.1

Wheres o4 = shape factor Ffar packing (= 2/3 +ar

uniform spheres)
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equated to a work rate. The suspended 1pad work gquation is:

t8s-1) T,
—~§~* g, = (1 - &) @.TFo.lF === covsanes (2.1
: W

Where: g, = suspended load discharge per unit width

—

Ug

it

the mean transport velocity of solids
moving in suspension

Bg = suspended load transport efficiency

B

ep bed load transport efficiency
Tl = stream power

W = gettling velocity
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3 EINSTEIN MODEL FOR SEDIMENT TRANSPORTATION IN DPEN

CHANNEL. FLOWS

The terwm "Bed « load Function® has proved to he useful
in the description of +the sediment movement in stream
channelse. It gives the rates at which flows of any magnitude
in a given channel will transport the individual sedimént
sizes of which the channel bed is composed.

The bed load function developed by EINSTEIN (195@), is
based an & large amount of experimental evidence on the
existing theory of turbulent flow, and beyond the limits of
existing theory, on reasonsble speculation: Some universal
corstant af the varisus tranhsportstion equations vere
wbtained From flume exwperimgnts. Bome terms which Einstein
recured frequently are defined as follows:

Bed Load: Bed particles moving in the bhed layer. This motion
ocewrs by relling,sliding, and sometimes by Jjumping.

Suspended Load: particles moving outside the bed layer. The
weight of suspended particles is continuosly supported by the
Ffluid.

Bed Layer: A flow layer, 2 grain diameter thick, immediately
above the bed. The thickness of the bed layer varies with the
particle sizé,

Bed material: The sediment mixture of which the moving bed
is composed.

Wash Load: That part of the sediment load which consists of
grain sizes finer than those of the bed.

Bed Material Load: That part of the sediment load which
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consists of grain sizes represented in the bed.

Bed Load Function: The rate at which various . discharges
will transgort the different grain sizes of the bed material
in a given channel.

Bed Load Equation: The general relationship between bhed -~
load rate, flow condition, and composition af the bed

matarial,
3.2 LIMITATION OF THE BED LOAD FUNCTION
3.2.1 THE UNDETERMINED FUNCTION

Functions often become constant or even egual ta zerp
under a wide range of conditions. Such functions may not have
any value in certain ranges of conditions and is
mathematically demonstrated wherever the solution of the
squation which defines the functicn becomes imaginary.
Functions that become indeterminate under a wide range of
conditions sgem to be rather unusual. Unfortunately, the bed
load Ffunction has this character. The coritical parameter
deciding the significance of the function in a given flow is

the the grain diameter of the sediment.
3.2.2 THE ALLUNVIAL STREAM

Experience in concrete-lined channel shows that
sediment up to a certain particle size may be fed into such a
flow at any rate up to a certain limit without causing any
deposits in the channel. An observer who examines the channel
after the +low has passed can state only that the rate of

sediment flow must have been below this limiting rateg that
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less evenly distributed over the entire bed surface and act,
therefore, along the same perimeter. Two hydraulic radius may
be defined as R® = &' /P and B = A"/F, uhere naturally: the

total hydraulic radius 1z
R = R" + R" cheumseanannaas (3.4)

This entire procedure of division may appear to be
rather artificial since bgth aciiqnﬁ ococur a&long the seme
perineter, The significance of this division becomes
apparent, however, when oné recalls that the transmisgion of
ghear to the boundary is actompanied by & transformeation of
flow Benergy inta enerqgy of twbulence. This energy
transfarmation caused by the rough wall cccurs at the grains
themselves. This newly created turbulente stays at lesst for
& short time in the immediate vicinity of the grains and, as
will be shown later, bhas & great effect on the bed-load
motion. The part of the energy which corresponds to the shape
resistance is transtformed into turbulence at the interface
between wake and free stream flow, at a considerable
distance away from the grains. This ehergy does not
contribute to the bed-load motion of the particles.
There%e%e, it may be largely rneglected in the eéntire
sediment picture. This may explain why the division of the

shear into the two parts wi and u% is of first importance.

U" "\iﬂS.R,-g » B EE A RN e A ww (3.5)
ut  =yE.R".g Y o S

Fram this it 48 understandable that the welocity






3.3.4 THE TRANSITION BETWEEN HYDRAULICALLY ROUGH AND SMOOTH
BEDS

Einstein and El-Samni esgperimentally showed that
the thepretical boundary from sbich the distance vy of
egustion (5.3 must be measured 0.2Ks below the plange which
connects the most prominent points of ’the‘ roughness
protrusions. It is generally known, that the wall acts
hydraulically rough if Kefg » 5. The laminar sublayer as
calcul sted for a smooth wall has then, =& thickness of

d < Ks/5.
3.4 THE BED LOAD CONCEPT

Bed-Load wotion bhas been studied principally in
laboratory flumes under conditions where suspension wmay be
neglected. EINSTEIN has shown that the motion of the
particles is fully poverned by statistical laws which cam be
stated as followsi

1.~ The probability of & given sediment being moved by
the flow fraom the bed surface depends on the size of the
particle, shape and weight and on the flow pattern near the
bed.

2.~ The  particles move i# the instantaneous
hydrodynamic 1i$t force overcomes the particle weight.

S~ Onece in motion the probability of the éartiﬁla
being redeposited i{s sgqual in all pointe pof the bed where the
local flow would pot immediately remove the particle again:

f.~ The average distance travelled by any bed-load

27



particle between consscutive pointes of deposition in the bed
im a constant for any particle and is independent of the flow
randition, the rate of transport and the bed composition.

8.+ The motion of bed particles by saltstion as
described by BABNOLD, may be neglected in water; as proved by
EALINSKE,

#.—~ The disturbance of the bed surface by mowing

sediment particles may be neglegted in water.
3.5 THE BED LUOAD EQUATION

The bed-load eguation by definition is the equation
which relates the motion of the bed msterial per unit width
of bed layer to the local flow. Fer each unit of time and of
bed arpa the same nunber of & given type and eize of
particles must be deposited in the bed as are scoured from
it. Let % equal the rate at which bed load moves Ehrough
the unit width of cross section and let ig equal the fraction
of Qg in & given grain size or size range. Thus qz.ig is the
rate at which the given size moves through the unit width per
unit of time. All the particles with a particuler diameter D
are Jjust performing an individual step of 100.00 or more
generally, af A&, .D length (A = constant of %he bed-load
urit-step). When they pags through the particular cross
section where gz is measured, it is not known  what
part of Ay .D the individual particles have already traveller.
They must be sszumed to be dépaﬁitaﬂ anywhere fram zero to
fi.D downgtream of the section. The area vf deposition is
AL«D long amnd has wnit width., If gg is measwad in dry weight

28
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' TIME

3.5.1 THE EXCHAN

The time t msy be assumed to be proportional to the
time necessary for 1t to settle in the Fluld throuwgh a

digtante eagual to its own size:

chemarreenar (310D

e e v s .

Tetfi-f

and the number of particles-eroded per unit -of aresa and time

issz

Wherey- Ay is the constant time scale
W i= the settling veldcity
ﬁ is the sediment density
F is the water density
The bed-Losd eguation (3.11) shows that this rate of
seowr equale the corresponding rate of deposit:

ia - QB i‘h Py

3

3.5.2 THE EXCHAMGE PROBABILITY

Tha probebility., p; of being eroded has been defined a8
the +#raction of the total time during which at any one spot
the local +lew conditions reuse = sufficiently large 1ift on

the particles o remove it with 3}l poinmts of the bed









a3

Wiile the lift force may be eupressed as:
L=t ful.p,.0% 2 P ¢ M 10

in these edpression:
W' = wedght of particle under water
A4 = ctonstant of grain area
iz = constant of oraim volume
L. = lift farce on bed particle
fi = density of particle
? = density of waber
D = diameter of the particle
u = velocity in direction of the main flow
C, = lift coefficient.

Einstein and El Ssmni found by amasurement that the
value of Gy = 0.178, and the velecity u near the bed which El
Samni found must be measured at 4 distance Q.350 from ‘the
thewretical bed for uniforn sedimert.

The forces acting on individual particles of a natural
sediment mixbwre in & bed cannot be measwred very well. They
must be determined from their effects an the movement of
particles. In analyzing the experiments the following general
results wers founds

1,— The wveleocity acting on all particles of a wmiwture
myst be measured at a8 distance @.35x from +the theoretical
bed, whereby:

X =877 i+ B » 1.60

cevenens (3.19)

X = 1.399) if Al < 1.80

2.~ The particles smaller than X (X:*D)Y seem to hide
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Introdusing the abbreviationsi

\P,. .&a_z._ ....’E..- T

f Ry- S

E-F\z L
— p AR WA e (3'25)

= I — g
0.178 A4 5.75

B = Logtis.6 X/a)

o
Introducing the two correction fectors § end Y according
to the previpusly guoted assumptions, the inequality (3.23)

may be generalized.
L1+ 1 & ’f.V.E'.W. 62?3: anrnamsne (3283

Where: § is a function of D/X (Figure 3.3)
Y is a function of Ke/d (Figure F.6)
8 = B8
8 = Logcim.6)
andz ﬁzfﬂf = 1 for uniform grain and X=1
Y = 1 ¢$or uniform grain and X=%1
? = 1 for unifora grain and X=1
Insquality (3.22) may be written more conveniently by
sauaring and division by 7 , the standard deviation of % .

Intraducing U = 7,
L1mf, s 2 ¥ R RURY: T2 VR " A R £

14 By = B /# :
‘qg WomEe s SR EN (3‘- 2‘6)
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Most interesting is the eqguilibrium status at which there

2t flow in either direction:

exists no ¥

C,‘ W F e Y l‘j i = @ R (3. 3%
2 dy

In equation (3.33) both V and l¢ are unknown. It is
customary to assume that these two values are equal to. the
corresponding values in & similar equation for the eucbange
of momentum transport, the depth d may be introduced.

A A
d

= 2 V.f[@u.h_‘&l‘) = Yeys i’k) 3

L 1 du 1 du
s ——V PLluy = ——=le~==) = {uy + =—=lg==—13
2 2 dy 2 dy

1 eiu
e -‘f - 1g —
2 dy

Fram this we calculates
1 o d-y 1 d-y 1
——'-V. l‘ = - "“‘Es ———— ———— B, - uzﬁ R i [ (3-3‘4’
2 £ o durdy & du/dy
Using .eguation (3.3 for the velocity distribution we may
calculate dusdy
duy H.73  uyg

—— T eremmmmmm—— 'R ] (3-35”}
dy 2,303 vy

Introducing this valueg into equation (3.34):

1 d—u

"E‘thd el -@-4@ Yelly "&’- s--tsisé)

A6






3.7 RATION OF THE SUSPENDED LOAD

The integral of suspended load moving through the unit
width ©f & cross sectiom may be obtained by combining

pquations (5.42) and (3.3 .

e

EV‘GY' d’Y = ~ 1 dy <+ (3:.42)

| Gat === —— ) 5.75u,Ln(30.2 -
h y d-a A

“Y
Taking some of the constant factors out the integral, and
referring the concentration to that at the lower limit of
integration a, snd replacing 8 by its dimensionless value

Ag = a/d, and using d as the unit for y, we obtain:
4

Ag

L I
= datiy.Cqt ;:“;; 5.75

( === ) Log( === ) dy
oy Brg

1

Ay 2 3@.2d (“i-y g,
= 5.75 Co,doupl —= ) (Logt =g—= ) | € === ¥ dys
i~-Ag ) Ay b

{ 1-v 2 o ,
Jae Y
In order %fo reduce the two integrals in equation (3.43) into

a basic form, the Log(y) is chamged to Lndy).
Logty) = Ln(y),Log{e) e (3.44)

Wherer Logle) = 0.4342%

Now we fMay write pguation (3.44) in the form:
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4. BENERAL. DESCRIPTIDN OF THE SITES AND DATA
4.1 GENERAL DESCRIPTION OF THE SITES

The Zaire river is Jlocated in the central part of
Africa. It is the second largest river in the world in terms
of the annual fresh water inflow to the oceans.

The head nf‘thé estuary is called the Matadi and the
braided area, 6@ Km.loeng, begins at the harbour of Eoma, 68
Km. downstream from the harbour of Matadi. The study area is
situated about 1% Km. downstream pf Boma.

The measurements had been made at HMateba by three
campaigns, one during the period August-September 1978; the
second during october 1978 and the last in 1981.

These measurements were carried out faor the {fnllowing

cross sections @

AMONT OISEAUX 1978
OISEAUX NORD 1978
BARRAJE 1978
MATEBA AMONT SUD 1978
MATEBA SUD MANDUD 1979
MATEBA 8UD KAPITA 1979
MATEBA AMONT 1981
MATEBA CENTRAL 1981
MATEER AVAL 1981

The locaticon of these cross sections are shown on

Figures 4.2,
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- column 4

- column O

g)l.— DATA FILE

wetted perinster (m),

hydfaulic radius (m) .

RATING4

Obtaimed from program RATING

+ column 1

= eolysn

- solumn

- coluan

2
b2
~ eolumn 4
=
&

= culumn

~ £l umn

~

- coluan 8

In the

RATING4

ROW

ROW

ROW

ROW

ROW
ROW

ROW

ROW

ROW
ROW

i

41
48
4
73
83
96

ROW 1@7

ROW 114

number of vertical.

water depth m), for each vertical.
discharge for each vertical (a°/sec).
hydraulic area (@ )} for sach vertical.
mean velocity (m/sec] for each vertical
shear velocity ( misec ) for each
vertical.

wetted perimeter (m) for each vertical.

hydraulic radius (m) for each veértical.

data file ZADATAZ, RATINB1; RATING2 and

we can identify 2

to
to
to
to
to
to
to
to
to

T2

& 1
22 3
28 3
49 :

47

U

B3 2

A

B2

g%

to 106 3

ta 113

e

to 120 :

CROBS SECTION @ AMONT DIBEAUX 1

CROSS SECTION ¢ AMONT OISEAUX 2
CROSE SECTION

o

QISEAUX NORD 1

CROSS SECTION : CISEAUX NORD 2

-

CROSS SECTION : BARRAJE 1
CROSS SECTION : BARRAJE 2

CROSS SECTION

(13

MATERA AMONT BUD 1

CROSS SECTION : NATEBA AMONT BUD 2

CROSS SECTION : MATEBA SUD MANDUDI
CROSS SECTION @ MATEBRA AMONT

CROSS BECTION : MATEBA CENTRAL
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ROW 121 to 127 : CROSS SECTION 1 MATEBR AVAL

In data file RATING 3 we identify @

ROW 1 to 13 : CROSS BECTION : AMONT DISEAUX 1
ROW 14 to 23 1 CROSS SECTION : AMONT OISEAUX 2
ROW 24 to 41 : CROSS SECTION : DISEAUX NORD 1
ROW 42 to S1 3 CROSS BECTION 1 OIBEAUX NORD 2
ROW 52 to &5 @1 CRDBS SECTION : BARRAJE 1

ROW &7 to 81 : CROBS BECTION 31 BARRAJE 2

ROW B2 to 92 1+ CROSS SECTION ¢+ MATEBA AMONT SUD 1
ROW 93 to 1081 s CROSS SECTION 1 MATEBA AMONT SuUD 2
ROW 102 to 141 1 CROBS SECTIOM 2 HATééﬂ SUD MANDUDI
ROW 112 to 138 @ CROSS SECTION 3 MATEBA SUD KAPITA
ROW 131 to 140 : EROSS SECTION 3 MATEBA AMONT

ROW 141 to 153 s CROSS SECTION ¢ MATEBA CANTRAL

ROW 154 to 166 : CROSS SECTION 1 MATERA AVAL

ADDITIONAL DATA

- SLOPE : see table 4.1

- D35 s 35 percent of the mixture is finer
= @.13567 mm.

- D&S 1 45 percent of the mixture is finer

2 P.32% mm.

- D39 t 5@ percent of the mixture is finer
= 91.240 mm.
- Temperature of water: 28.5 °'C

-8
= Kinematic viscosity of water: 2.841x10 m?/sec

Gravity: .81 m/seca

¥

- Water density: 1080 Kg .(mk“3
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FIGURE 4.4 CROSS—SECTION GEOMETRY
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FIGURE 4.5 a RATING CURVE AND GEOMETRIC CHARAC.
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FIGURE #.5 €  parinG GURVE AND BEOMETRIC CHARAC.
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FIBURE 4.5 @ _.nive CURVE AND GEOMETRIC. GHARAC.
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grain size @,‘e is read in function of % from
Figure 3.7
The bed-losd rate ia.qa‘is caleulated $rom

using egquations (3.15) and (3.16) in the form

- - O 4 (. Newton

M SR «
to coanvert in {(Ton/a.day), we oultiply by
86.4/9.91 .
ia - Bg ;med-lsaﬂ rate it weight per unit time
for entire e€ross section ig,6g = ig.dg.F
2 ig«By Bed load rate for all size fractions.
fg isw calculated as Ae = ZD/d
Wy the settling wvelocity is read from figure

3.4 .

. The exponent =z ie calculated according to

equation z = W/Q,4uy

- The integral Ig is caloulated from eguation

3.47 as function of Ag and z. Also may be reEsad

from Figure 3.8 o

- The integral I, is calculated from equationm

3.47 as function of Ag and z. Also may be read
from figure 3.9 .

The espression (PE.I4 + Iz ), is calculsted.
THe suspended sediment traneport per unit
width anhd time for & size frachtion is
caleyl sted avcording the sguatiohi

The susperded sadiment transpert per undt tise
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TABLE 5.3 ADDITIONAL INFORMATION REGUIRED BY THE
COMPUTER PROBRAM EINSTEN

cross section water depth wlope

Amont Bi seaus 1 12.2ﬂ 0.000064 | @.15
Amont Olseaux 2 2.24 R.988071 . @. 15
0i seaux Naord 1 17.58 2. 00BY386 8.25
Oiseaust Nord 2 14.84 Q.28
Barraje 1 1 1.0 e.2¢ -
Barraje 2 14.77 8.18
fateba Amont Sud 1 12.09 8.15
Matmba Amant Sud 2 8.89 . 020866 @.15
Mateba Sud Mandud 9.49 . |@.0000503 Q.20
Mateba Sud Kapita 18.31 2.20
Mateba Amont 9.05 @a. 00ea73 0.10
Mateba Central 12,7 |@.0020853 | @.15
Mateba Aval 12.88 a. eBPeSs B8.15

de— Pﬂa@ﬁﬁHinﬂéfﬁls

This program is used %o calculate the sediment
transport rate into  two-dimensiocnal approaach. The
calculations are performed for each vertical along the cross
sections .

The program was runned cahsidering 4 different energy
slaopes and 4 different particle diameters (DS@) and the
result corresponding to the cross sections Mateba Amont,

Mateba Central and Makeba Aval are shown in Figures 6.3 and

-












































































7. DISCUSSION GF REBULTSE .

a.—- The apgeuracy of sediment trangport caloulation depends
upon the degree of prat:i‘ﬁim of the flume experimantal oraphs
that were developed by Einstein. This is due to the inherent
errors and the gansiderations that were adopt 'd during the

process of his ewperiments.

.- The following are comments concerning the graphst

-~ The curve x against Kg/Af in Figure 3.2 was derived
from NIKURADSE’S experiments, which used sand grains glued to
steel pipes as roughness. The curve has always been found to
describe reliasbly the roughness of plain sand beds. Same
deviations may be expected i% the range of grain sizes in
the ‘deposit i very large. The assumpticn that Ks = D&5 may
not be very reliable if the sediment contains appreciable
amaunt of =ilt and clay.

- The curve u/u'y against Sy'is less relisble than x
cwr-ve. Basing on smisting river messurements, it attempts to
describe the effect of the irregularities of the natural
stream channel on channel roughness. This curve seems,
however, to describe rather closely the behavier of natural
channels not constricted by artificial banks, vegetatien or
other ohstructions.

- The curve of ‘f against D/X has bpen derived entirely
from flume experimants with graded sediments. No test was
made of ungraded mixtures, such as thase found in dountain
rivers near the upper end of alluvial stream esystems whers

- The eurve of Y against Ks4l seems tp be well defined

18
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