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ABSTRACT , !

An attempt has been made to study the sediment trans-
port in the river Gorai-Modhumoti by using available data
from Bangladesh Water Development Board (BWDB), Comparison :
of five recent and well known formulae for total load predic- |
tion namely, Engelund-Hansen (1967}, Yang (1976), Ackers- Co
white (1973), Mantz (1983) and Strathclyde formula (1984):
have been made against two huﬁdred and ninteen (219) sets
of data collected by BWDB. No attempt has been made to i
obtain a new formula but a correlation between observed and

calculated sediment concentration have been found out.

It is revealed fIOm-this study that about 13.27 million
tons of suspended sediment pass through the Gorai-Railway
Bridge of Gorai-Modhumoti river annually. The total load as
-camputed by the Engelund-Hansen and Strathclyde formula
were respectively found to be 30.4% and 18.3% higher than
the measured suspended ioad. Other equations provided very

unrealistic predicticn.

Attempt has also been made to establish the hydrogeometric
relations, and rating curves have been developed for practical

uses.

Finally, suggestions are made for possible extention of

this work.
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CIAPTER - 1
INTRODUCTION #

1.1 Background of the Study

'\n-_-__ .
nEan, oV

Sediment transport plays an important réie in the regqula-
tion and control of rivers. The mechanism of sediment transport
has been the subject of study for centuries due to its'importance
in the design and operation of various water resources project. A
number of relationships have been developed to compute the amount
of sediment discharge”as.a function of the various flow parameters.
The very number of such formulae have served to emphasise the
unsatisfactory naturé of these relationshipél None of the availa-
ble équations for the calculation of sediment dischafge has gained
universal acceptance ip confidently predicting sediment transport
rate. The calculatedéedMent from various equations often differ
drastically from each dther for a given set of observed data. This
is due to inclusion of s0 many variables that influence sediment
transport like the size of sediment, the fall velocity, specific

welght,cohesion, porosity of particles etc. Moreover, river para-

meters paly a leading role in alluvial channel formula.

Engineers thus must have to chocse the best sediment tfans—
port formula to solve a river preoblem. But it is very difficult
to recommend the best sediment transport formula as so many river
parameters have been considered by different investigator to
establish their formula. To ease this 5ifficulty many of the
most commonly used transport formulae have been tested by

various researchers over a wide range of field and




_laboratory data. Among these the followings'are very prominent.

i) The ASCE Task committee (Vanoni 1975)

' ii) HRS study (White et.al. (1975) |

iii) Yang (1977)

iv) Gole et. el. (1973)

v) RangaRaju et al (ASCE,1981)

The ASCE Task committee have studied'tﬁirteen‘formulae and
_observed that Colby (1964), Tofaletti.(l969) and Engelund-Hansen

(1967) formula gave consistently better results than others.

On the otherhand, 19 transport formulae against about 1000
laboratory and 270 field measurements have beenltested at Hydrauu-
lic Research Station, Wallingford, U.K. It was found that out of
19 theories, the Ackers-White (1973), Engelund-Hansen (1967}
total load and Rottner (1959) bed load formulae is the most

reliable.

1.2 Importance of the Study

The study of sediment transport of Gorai-Modhumoti at present

is very necessary as it is the mair branch of the Ganges river.




In every year large discharge and heavy sediment load in the

rainy season cause the river Goral to be extremely unstable and

the channels are constahtly migrating laterally. Due to heavy
siltation water level in the river Gorai is falling gradually.

This gradual falling of water level will have t;emendous adverse
effect on six on going projects like chenchuri béel_Irrigation and
drainage project (Narail), Baliakandi Irrigation Project {(Rajbari),

’

Gorai Irrigation Project (Magura),_Barasia Irrigation Project
(Gopalganj), Magura-I Irrigation P;Ajéct {Magura) and old river
Resuscitation Project (Magura) omn both sides of Gorai-Modhumoti
(Fig.l.1l). The above projects have a net benifited area of about
470,450 acres and are;fuliy dependent on the water of Gorai-Modhu-
moti. Moreover, sil?§£ion problém arises at in£ake of the river
Goral. Insﬁfficient'flow ratés at Gorai-Modhumoti cause saline
water intrusion in Khulna Industrial Zone. This saline water intru-
sion has adverse effect on the processing of the industrial pro-
jects. Thus, it appears to be of péramount necessity to study the
various hydro-geo;ogical aspect'of Gorai-Modhumoti river, inclu-

ding the sediment aspect for planning any further water resources

development projects.

The sediment transport formulae available in the literature
have been derived primarily based on laboratory flume and natural
channel data collected mostly from U.S.A,., U.X., and Canada.

A very few data from the main rivers of Bangladesh like the
Ganges, the Bhramaputra and the Meghna have been employed to

test them. So, available data of this river will be an additicnal




testing.of the validity of the formula and recommending the
best one as far as the sediment transport aspect of Gorai-Modhu-

moti river is concerned.

Chang (1980) selected DuBoys (1879), Einstein-Brown (1950)
and Engelund-Hansen (1967) formula for verification with field
data. He.found that Engelund-Hansen formula produced the best

results when tested against Indian and American canal data.

Yee (19765',_;' a-fter_Hossain 1985) tested DubBoys, shields,.
Meyer—Peter—Muller; Einstein-Brown, Bagnoid, Yalin, Engelund-
Hansen and Ackers-White formula. He tested these equations against
laborato;y flume data of trapezoidal channel section. He found
that Ackérs—white, Bagnold and Engelund—Hansen formulae gave the

best results in predicting the rates of sediment transport.

Hossain, (1970) studied about the sgdiment charac-
teristics of the Teeéta riverT He applied the then available field
data of the Teesta river in modified Einstein method. The predic-
ted sediment flow showed very poor cdorrelation with the measured

sediment load.

Bari (1978) applied five sediment transport formulae, namely
Colby's equation (1964), Engelund-Hansen formula (1967), Ackers-
white formula (1973) and Yang's formula (1976) against the data

of the Ganges and Jamuna. He compared the sediment load predicted




by these equations with the measured sediment flow and sugges-
ted that Colbky and Engelund-Hansen formulae give better predic-

tion.

Hossain (1984) selected nine Qell knOWn sediﬁenﬁ-transport
equation and tested them with 4260'sets Qf-flﬁme and field déta.
He concluded. that for‘ Qg 1.0 cumecs thelAckers—white equation
(l973)rwas found to héld supremacy over the other eight equations.
He further added that for Q> 1.0 comecs the Strathclyde equation
was found to be the-most satisfactory. There followed the Engelund-
Hansen (1967), the Ackers-white (1973) £he Einstein Brown (1950),
the Yang (1973} and ioff;leti‘(l969), in this order and then the

other equations.

Considering the above facts and availability of the field
data the following five formulae have been chosen to test with
219 sets of data of the river Gorai-Modhumoti. The formulae

considered in this test are:

i1} Strathclyde formula (Hossain 1984)
ii) Engelund-Hansen formula'(l967)
iii) Yang formula {1976)

iv) Ackers-white formula (1973)

v) Mantz formula (1983)

i 4




1.3 The Objectives of the Study

The objectives of the present.study are:

i) to quantify the amount 6f:sediment movement of the river
Gorai-Modhumoti by applying different sediment transport

formulae.

ii) to comapre the results ahdisuggest the best transport .

formula

iii) to £ind out the efficacy of various transport formulae

with the data of the river Gorai-Modhumoti.

iv) to establish sediment rating curves and to formulate

simplifiéﬁ empirical equations for practical use.
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CHAPTER - 2
SEDIMENT PROPERTIES AND ITS SOURCE

2.1 Introduction

An equlibrium channel under the éxisting circumstances balan-
ces its sediment transporting'abilify to the évailablé sediment
loads. The sediment lcads greatly influence its morphology and
pattern. In the following section a brief review of sediment
properties, its source and characteristics commonly used will be

made.

2.2 Physical Properties of Sediment
K

Sediments are b}oadly c;assified as cohesive and ncon-cohesive.
With cohesive sediﬁent the resistance to erosion depends on the
strength of cohesive bond binding the particles. Cohesion may far
outweigh the influence 0f the physical characteristics cf the
individual partiéles. Howgver, once erosion has taken place, co-
hesive material may become non-cohesive with respect to transport.
Also -sediment chéracteristics may change through chemical or
physical reactions. On the other hand, the non-cchesive sediments
generally consist of Iafge discrete particles than the cohesive
solls. Non-cohesive sediment particles react to fluid forces and
their movement is affected by the physical properties of the

particles such as size, shape and density.
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2.2.1 Size. of the Sediment Particle

Of the wvarious sediment properties, size has the greatest
significancelto the hydrauiic engineer, not only Egcausg size is
important and the mos-t readily measured property, but also because
other properties such as shape and specific gravity tend to vary
‘with particle size. Par?icle size may be defined by volume, dia-
meter,lweight, fall velocity, sieve size and by intercepts through
the particle. With the exception of volume, the definitions are

generally influenced by the shape and denéity of the particle,

Size may be measured by calipers, by bbtiéal methods, by
photographic methodsiby seiving or by sedimentation methods. The
size of an'individualfbérticie ié ﬁot a primary iﬁportance in
river mechénics or sédimentation studies, but the size distribu-
tion of the sediment that forms the bed and banks of a stream or

reservoir are of great importance.

A size classification recommended by the sub—COmmittee on Sedi-
ment Terminoclogy of the Committee on Dynamié of streams of the
American Geophysical Union ( Lane and others, 1947), cohtains conse-
cutive size classes; boulders, cobbles, gravel, sand, silt and

clay as given in table - 2.1

2,2,2 Shape of the Particle

Generally speaking, shape refers to the overall geometric form
of a particle regardless of size or composition. Two particles

have the same shape if the ratio of their intercepts and the angles

[

[ r e b
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between the intercepts are the same for the both particles.
Particles of.ﬁery different geometrical shape, but of the same
volume and density, may behave the same in fluids. Hence the

shape may be defined in terms of dynamic behaviour.

In sediment analysis one of the most pertinent shape para-
meters is "sphericity" which has defined by Wadell (1932) as the

ratio of surface area ¢of a sphaere of the same volume as the par-

ticle to the actual .surface area of the-partidle. The primary role

of sphericity is to help describe the relative motion between

the'falling.particle and the fluid.

In.contrast to ‘the sphericity of a particle, is its
"roundness", which is defined as the ratio of the average of the
COrners and-edges of a particle to the radius of a circle ins-
cribed inlthe.maximum projedted area of the particle. Roundness
is thus geOmefrically independent of sphéricity. Studies show
tha# roundness has essentiéily a negligible effect on the hydro-
dynamic behaviour of particles, but it is of first order impof—
tance in abrasion studies. Both sphericity,roundness are dimen-
sionless and tend to decrease.with delcreasing size of parficle,

but sphericity depends upon mineral composition as well.

2.2.3 Density (p)

The density of a solid is the mass which it possesses per

' a
unit volume. Again the density of a sediment particle is/function

kY
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of its mineral composition. Water borne sediments are mainly

quaftz and felspathic minerals with a specific gravity of 2.65..
For this reason the specific gravity of water borne sediments is
often aésumed to be 2.65. Itlwould not be reasonable to use 2.65

for waste from a coal field or volcanic area.

2.2.4 Fall Velocity or Settlihg Velocity (w)

. The fall velocity is the avefage terminal settling velocity
of a particle fa;lihg alone in quiscent, distilled water of in-
finité extent and at a temperature of 24°C. When a sediment
grain moveS'thréugh:water, ;t experienceé considerable fesistance,
which is a function of the Reynolds number. When the particle
moves downward, a velocity known as terminal velocity is reached

at which the resistance equals the weight of the grain in water.
Several approaches are adopted in determining fall velocity.

For laminar and turbulent flow around the grain, the settling

velocity for spherical grains is given by stokes law as follows:

i ; = - - 2 . 2-1.

For laminar flow,w (5,~1) HE%B—“ Dy { )
4 gDs

For turbulent flow,w = /(Ss:l) T (2.2)

D

Where w 1is the fall velocity in cm/éec., D is the grain diameter
in cm, g is the acceleration due to gravity in cm/secz, 3y 1is
the kinematic viscosity of fluid in sguare cm per sec. and CD

is a co-efficient and equal to, C. = 24

D R Where Rm is the
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Reynolds number.

Rubey ( 1933) gave a formula for determining fall velocity
which has the advéntage of being suitable for similitude analysis.

His fofmula is

1
Where A3 and A3

cles greatef_than lmm.,

are constants. Here Ay = 1.225 for gquartz parti-

For smaller grains Rubey gave the following-equation,

.

/2 _ 3 2 _

A g (S -1) D] + 36v 6V
. D :
5

B =

Where v is the kinematic viscosity. Other terms have been defined
previously.
Raudkivi in 1967 gave 7 relationship between fall velocity

and sediment size as shown in fig. 2.1.

Dietrich (1982) has reported that no theory based on the
physics of flow over irregular objects exist to predict the
‘settling velocity of natural particles. In its absence research-
ers have proposed empirical curves based on laboratory experim-

ents ( Graf, 1971, Baba and Komar, 1981). Dietrich (1982) has
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developed a set of empirical equations in terms of non-dimensional
parameters, for the effect of size, shape, density and roughness
on settling velocity and claimed its superiority over others. But,
'since some of the parameters in hi§ complicated equations arée to
.be read from gfaphical representations supplied, its computer

application against large body of data is impracticable.

Considering all these facts and its reliability, Raudkivi's

' graphical representations has been chosen for settling velocity
computation in this study.

2.2.4.1 Factors Affecting the Fall Velocity of a Particle

The primary variab}es defining the intraction of sediment
transport with the bed, banks or suspended in the fluid is the
fall velocity of sediment particles. It ﬁas been shown that the
bed configuration in a sand channel may change when the fall
velocity of the bed material change. The variables affecting
the velocity oﬁ a particle falling in quiescent, distilled water
of infinite exﬁent are:

¢l ( w, Der Pgr Hr Ds' Sp, £, Sr’ F) =20 (2.3)
Where w is the fall velocity, Pe is the density of fluid, Pq is
'the density of the particle, u 1s the dynamic viscosity of fluid,

Ds is the particle diameter, Sp is the shape factor of particle,
Fia]
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f is the frequency of oscillation, Sr is the surface rdughness,

F is the buoyvant weight of the particle.

2.2.5 Size Frequency Distribution

The most commonly used method to determine size frequepcy
is mechanical or seive analysis} In general, the results are
presented as cumulative size frequency curves. The fraction or
percentage by weight of a sediment that is smaller or longer than

a given gize is plotted against pérticle'size. From the size

frequency curve itfig possible to obtain representative grain size
of sediment ﬁixture.fPhyéical evidence ddes not couélusively fix
the size that represents a given sediment mixtufe. The choice is
‘rather arbitrary and varies from researchers to researchers. For

D

P 65"

D D are commonly used.

usual practice D 85" 90

357 750

D35 indicates the size of sediment for which 35 percent of

the sample is finer. represents median diameter of the sedi-

P50

ment mixture and indicates 50 percent sample is finer. In the

same way D represents that 65 percent, 85‘percent and

65’ Pg57 Pgo

90 percent sample is finer respectively.
Dm is the mean diameter given by

ra. D,
Dm = z

100
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-

Where Ai represents any portion of the percentages shown on the
y akis of Fig.2.2 and Di represents the mean value of the sizes
established by the extreme values of the interval Ai. According

to %¥ig.2.2Dm is computed as follows:-

Al D, + Az b, + A3 D3 + ... veee ¥ A_ D

100

1 2

Dm =

and Dm répresents the mean size of the sample. It should not be
assumed that the pérticle measure Dm represents the hydraulic

properties'of the sediment mixture.

’

I._‘

2.3 Sources of Sediment

The followings are the principal scurces of stream-borne

sediment,

i) Sheet erosion by surface runoff from precipitation on agricul-
tural, forest and waste land-sheet erosion being defined by soil
consefvationists as the removal of surface soil by overland flow
without the formation of channels of sufficient depth to prevent

cultivation or crossing by form machinery.

ii) Stream-channel erosion, including bank cutting and degradation

of formerly well-defined channels.

iii) . Mass movements of soil landslides, slumps and soil creep.

iv) Gullying, or the cutting of channel in soil or unconsolidated

-
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geologic formations byfbdﬁbentrated runoff.

v) Flood erosion, or the removal of surface soil by flood flows

sweeping across flood plains.
vi) Mining, industrial, and sewage wastes discharged into stream.

vii) Erosion due to cultural developments, including roads, rail-

roads, power lines and industrial projects.

, Of these the first two are most important and major sources

of sediment supply into-streams.

2.4 Modes of Sediment Transport

Water'flowing over a bed of sediment exerts forces on the
grains. These forces tend to move or entrain them. The forces that
resist the entraining action of the flowing water differ depend-
ing on the properties of bed material, For coarse sediments such
as sand and gravelé the resisting forces mainly relate to the
welght of the particles. When the hydrodynamic forces acting on
a grain of sediﬁent have reached a value that, if increased even
slightly the grain will move, critical condition is said to have

been reached.

After achieving this critical condition the fine sediments
first start to move and then coarser particles are in motion.
Sediment particles are transported by flow in one or a combina-

tion of the following modes:
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i) S8liding or Rollihé along the bed. According to this mode
the sediment particles are transportéd along the bed. If the
particles are relatively round, it is.more likely that they will
roll along the bed. On the otherhand, if they are angular or

‘cubical , they will overturn or slide.

ii) Saltation. In this mode, the particles move forward in
small jumps. Saltation depends upon the reaction of the particles
from the bed. This causes necessary impulsive force réquired for

the jumping phenomenon.

iii) Movement in suspénsion. According to this mode the
sediments remain in, suspension. The particles do not come in con-
tact with the bed. The particles are supported and kept in sus-

pension by the turbulent eddies,

There is no sharp distinction between saltation and suspen-
sion. Howeﬁer this distinction is important for it serves to
delimit two methods of hydraulic transportation which follow diff-
erent laws i.e;,rfraction and suspension. Again sediments may be
transported partialy as saltation and then suddeniy be caught
by the flow turbulence and transported in suspension. Sediments
which move as saltation are supported by the bed, are called bed

load and sediments which are suspended and supported by the flow

are called suspended load.
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2.5 Distribution of Velocity and Sediment Concentration

From experiments it is found that the vertical distributions
of velocity and concentration vary with depth. Generally concen-
tration is .higher near the bed, while velocity is maximum near

the water surface and about to zero near the bed as shown in Fig.2.3.

After several experiments Colby (1963) found that concentra-
ticon varies with depth and particle size., This is shown in Fig.
2.4. Fig. 2.5 shows the lateral variation of particle'and concen-
tration. Material finer than about 0.062 mm is distributed uni-
formly with respecﬁlt? vertical and lateral position; This. finer
maﬁerial generally is5called the wash load and is transported at
the rate at which it is made_available from the watershed and from
the streém bed andrbanks. The size distribution of finer material
~in suspension bears no relation to the sizé distribution of the
material comprising the channel bed, and the quantity transpofted
usually 1is not related to the properties of flow. The transport
.of coarse sediments that are found in appreciable quantities in
the bed, on the otherhand, usualiy is related at leést roughly to

the flow.

Toffaleti (1969) suggested a relation of sediment concentra-
tion as a function of velocity of flow. This is shown in Fig. 2.6.°
He divided the total depth of flow into four zones. The sedi-
ment c¢oncentration distribution of each size fraction is

given by a power relation for each of the three upper

zones as shown 1n Fig., 2.6. The velocity profile 1is
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represented by the power relation.
= . X n
u. (1 + nv) U d) v

Where n, is given by the emperical relation

n, = 0.1198 + 0.00048T

in which T = water temperature in degrees Ferhenhite.

2.6 Factoré'Affedtiﬁg Sediment Transportation

| The . large number of variables which.affect the sediment
transportation are interdepéndent. Some of the variables change
with the flow condiEiOns and alter their rdies from dependent'ﬁd

independenﬁ variables. It is difficult, .especially in field stu-

dies, to differentiaﬁé between independent and dependent variables.

A list of variablesfwhich are responsible in sediment transporta-

tion are given below:

i} Geometric properties of stream channel: depth, width,

form - and alignment.

ii) Hydraulic properties of stream channel: slope, roughness,

hydraulic¢ radius, discharge,K velocity, turbulence, tractive force,

fluid properties and uniformity of discharge.
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CHAPTER - 3

"HISTURICAL .ASPECTS OF. SEDIMENT TRANSPORTATION

3.1 A Short History of Sediment Transport

A study of previous works reveals that the importance of
the problem of sediment transport has been realized by the
hydraulicians only in recent years. Hydraulics, in general, and
the first advancements in thé-art of sediment transport apparently
developed in china some 4000 years before the beginning of the
modern era. His£o£y’tells us that similar khowledge simultaneously
developed in Mesopota ia and Egypt. Tﬁis'observatioﬁ seems para-
doxical, if by hypthesis the beginning of these activities were
in china and recogdlzing that transfer of knowledge takes time.

One could argue that engineering applications of hydraulics in

china developed in an even earliar period. Ten centuries were
ﬁecessary to transfer new technigues to the people living iﬁ the
western regions of the world., During this period some hydraulic
constructions are étill"in evidence today in Yugoslavia; Bulgaria,
Turkey, Africa énd in the Middle East, Advancements in the science
of sediment transportation were significant by the start of the

-second half of the current century (Simons and Senturk,1977) .

An insight investigation into the history reveals that the
most advances in river hydraulics have taken place as the result

of specific problems that required immediate solutions. The

first advancements were developed by a man of great talent,
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Leonardo da vinici (1452-1519). He was not only an artist but
is among the greatest of engineers. He also observed and stu-
died sediment movement. $ince then Domenico Guglielmini (1655-
1710}, Frizi (1770), P. Dubuat (1734-1809), Enler (1707-1783},
D. Bernouilli (1700-1782), A. Chezy (1718-1798) made their
contribution to channel hydraulics'and sedimenf transportation
(Simons and Sentufk 1977) . A. Chezy's contributioq to channel
hydrauiics includes the well-known Chezy uniform flow formula
used to estimate the average -velocity of flow in open channels.
This.formula rgiates average velocity, U, the slope 0of energy

gradient, s, and hydraulic radius, R.

U = cVRs

where ¢ is a resistance facter that varies with channel charac-

teristics and boundary conditions.

Dupuit (1804-1866, after Simons & Senturk, 1977) was the
first person to give serious consideration to the transportation
of sediment in:suspension. He oberved that the transportation of
sediment in suspensiOnaQas due to the excess of_velOCity on the
upper side of the particle as compared wi;h that on the lower
side., He also conceilved that the sediment concentration near the

bottom of the channel was greater than that near the surface.

DuBoys (1879, after Simons and Senturk, 1977) presented his
theory of "tractive force" which has been widely accepted
and has been extensively used 1in studying bed-

load movements. He stated that the amount of

A
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material carried by streams was dependent first on the slope
and then on the depth. He also stated that there was a critical
tractive force for each kind of material depending on the size
of the material. The magnitude of(this force was larger for
larger  sizes. Also he believed-thét the bed materiai moved to

a considerable depth.

Deacon (1894,after Simons and Senturk, 1977)presented a
very complete d;scription of the interaction between flowing
water and a moblle alluvial bed. His experiments showed that
the weight of material transported was proportional to the
fifth power of the surface velocity or possibly a little more.
He presented two curves, one relates the surface velocity toit@g
discharge of sand, other relates the surface velocity to the

velocity of the crests of the sand ripples.

The laboratory study of river and channel problems by

Engels ( 1854-1945,, after Simons and Senturk, 1977, added

tr

a new dimension to the knowledge of transport of sediments and

channel response.

Kennedy (1895, after Simons and Senturk; 1977). first
studied in this subcontinent about the sediment problems encoun-
tered in the design and operation of Irrigation canals. He
reported his conclusions in a paper entitled "The Prevention

of Silting in Irrigation Canals". This was the first guantitative
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study that related transpart to channel shape. He proposed the
veloéity depth relation for which a channel would neither erode
nor deposit any sediment. His work was the forerunner of studies
by Lindley (1929), Lacey (1929) Inglis (1947), Blench (1970),
Nishat (1981) and others that resulted in the so called "Regime

Theory™.

Hooker (L896,aftefFSimoﬁs and Senturk, 1977) presen-
ted an important paper titled-;Tﬁe suspension of solids iﬁ flowing
water" in which he gave an excellent summary of practically éll
of the re}ated 1itgrature,up to thaf déte:TThis paper provides
detailed in formatioh regarding' the early development of trans-

port concepts and theories.

3.2 Development of Sediment Transport Formulae

The most difficult problem related to sediment transport
in alluvial streams probably consists‘of determining the rate
of transport. Several different approaches have been adopted

in determining the transport rate.

a) Theoretical approach: It is derived on the basis of

scme assumptions.

b) Laboratory observation approach: It is performed in
course of which observations were made on the rate of
transport, on the hydraulic characteristics of flow and

the observed rate were related to each other.
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¢) Measurement made in the field: The values thus obtained
in the field have been used for deriving empirical rela-
tions between'the transport ;rate and the hydraulic

characteristics of the stream.

—

Using the above mentioned three approaches several sediment trans-
port formulae have been derived wﬁich, however, yield drastically
different results. The sediment transport formulae can be classi-
fied to a number of aspects.lle'some.of the formulae the rate

of sediment transport is expressed in terms of the tractive force
or in terms. of dlscharge and slope whereas in several others

the velocity of flow is introduced.

v

3.3 Bed Load Transport Formulae

There are slightly different approaches to the problem of

bed load discharge computations. They are,

a) The DuBoys type equations deriving from a shearing

stress relationship.

b) The Schoklitsch type equation derived on the basis of

discharge relationship.

c¢) The Einstein type equations based upon statistical

consideration of 1ift forces on bed materials.

3.3.1 DuBoys. Type Equation

Much of the early developments in the analysis of bed load

was influenced by the work of DuBoys (1879). He assumed that

e
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the bed materials move in layers and that the mean velocity of
the successive layers increase linearly towards the bed surface.
His formula is a relationship between the ‘sediment discharge

and the difference between actual ana criticai shear stress

on the sediment bed. This can be expressed as:

=k1_ (T ~"1T_Y) (3.1)
where qb is the.volumetric discharge of bed load per unit time
and width, Ts is the unit tractive force exerted by the flow on
the bed, Te is the shear stress and .k is a'constant of propor-

tionality.

Straub (1935) suggested average values of k and To for
sediment. sizes. However his work has been criticised mainly
because all the data he utilised were obtained. using small scale
laboratory flumes. O'Brien and Rindlaub {l934) generalised DuBoys

equation as: B
g = k' (1, -1 ) o (3.2)

Analysis of Gilberts' (1914) data showed that the new parameter
k' and m are a function of the median sediment size. It was
found that for 0.025 <DS <Q0.560 mm, the values of m are confined

to narrow range i,e., 1.5 <m <1.8.
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2
Shields (193s6) proposed from his experimental results, a

dimentionally homogenous transport function of the form

\q Y T =™ 1 .
-—bg.-ﬁ £ ]_0 (O — )C D ( 303)
q” ¥y ' Yg Y' Fg :

where g is the actual water discharge per unit width, DS is the
representative sediment size. The above equation was derived
from data using fluﬁe width 40 cm and 80 cm,.l.06 <I$ <4.25
and'l.50.<Ds <2-47jmm.

By considering.éurbulént fluctuétions cf the flow,‘Ralinske_
(1942)'deveioped a bed load equation. He assumed that the velo-
city of ‘a sediment grain moQing on the bed is given by

i

Uszb(U._UC) ' o 3.4)

where U is the instantaneous fluid velocity at the particle
level, Uc is the critical velocity for incipient motion of the
particle and b is a constant close to unity. By applying tur-

bulent flow theory, Kalinske demonstrated that,

Le]
o
~

55— = £ (=) (3.5)

*
n
o]
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where U, is the shear velocity, Y'S is the specific weight <f
submerged sediment.
Chang, Simons and Richardsons (1967) has developed a bed

load discharge equation which c¢an be expressed as follows:

= kT V ( To = T ) ( 3-6)

‘where kT is a constant varies between 0.27 to 1.10 épplied to

the Colorado, Middle Eoup and Niobrara Rivers. Thé equation re-

presents the discharge of sediment in pounds per foot on a dry

weight basis.

¥ K
iJ A

3.3.2 Schoklitsch Type Equation

In 1930 Schoklitsch, independent from DuBoys, but not in
too strong a contradiction suggested an equation based on .labora-

tory experiments, such as
9 = k" 8T g - q.) (3.7)

where k" is a new characteristics sediment co-efficient and
= is thé water discharge at which materials begin to move.
Bed load equation with this general form and equations that
utilize average velocities have been proposed by various resear-

chers. Schoklitsch in 1934 suggested the relationas follows:
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q, = 2500 s3/2 (4 -‘qé ) (3.8)
where, , Y'S 5/3 D3/2
q, 7 0.26 ( - ) ( ;77@)

MacDougall {1934) derived a similar kind of equation that
can be written as
_ acB |
q, = AS~ ( 8q - k) (3.9)
where A and B are constants dependent upon the épecific gravity
and mechanical composition of sand and
.'""

k ='Sq = == D,

. & Dso (Tg = YI/M | (3.10)

in which M is a sand modulus and it is obtained by refering
to the arithmatic size distribution curve and dividing the area
betow 50 percent line by the area above the 50 percent line.

The value of A ranges from 100. to 1000 and B from 0.25 to 1.0 ¢

when using in empirical units.

Barekyan (1962) proposed a bed load eguation using average

vélocity,

) gs ( 2L (3.11)

Qe = 0.187 Y(

where, . is expressed as the bed load rate by weight per unit

widtle. -

T
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Meyer—- Peter in 1934 gave the following formula

2 2,
g.? =39.25 g° - 9.95 D

(3.12)
S .

50

where Iq is the bed load discharge by weight per unit width

- per unit time.and g is the water discharge per unit width.

3.3.3 Einstein's Bed Load. Function

ﬁinstein { 1942;1950) departed from the mean tractive force
concept, The sfarting point.of.his_afgument is that in turbulent
flo&, the fluid foices acting,on the particle wvary with respect
to. both time and séace. Thuéﬁthe movement of any particle depends
up0n'the probability, P, that at a particular time and place,

the applied forces exceed the resisting forces.

The probability of movement of a particle is expressed in
terms of weight rate of -sediment transport, the size and.immergéd
weight of part;cles and a characteristic time which is a function
of particle siée/Fall velocity ratio. Einstein assumed that a
given particle moves in a series of steps and that a given parti-
cle does not stay in motion continuously. From these considera-
tions a transport function was developed by him as follows:

P IV 1 b

- = {(3.13)
9P g Ps™ P gD3 /{(Ss—l) gD3}

where, Iy is the weight rate of bed load transport per unit

width., The probability is interpreted as the fraction of the bed

P
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on which, at any given time, the 1lift on a given particle is
sufficient to cause motion. The flow parameters are based on

the logarithmic velocity distribution. The expression derived is,

= _S - . (3.14)

The total drag ( the pull of flowing water on the bed sediment
particles), is subdivided into form and surface drag and R'b
is the fraction of the hydraulic mean radius appropriate to

surface drag. The resulting relationship is expressed by

s
4

o= £Cv) - s (3.15)

' The probability bed load intensity relationship is written

in the following form

£ =a, () =1, ¢, (3.16)

<

whare A* is a constant and is determined by experiments, the

i, is a fraction of bed load in a given grain size and i, is

B b

fraction of bed material is given grain size. Einstein also

concluded that D was the most satisfactory grain size to use

35

in these calculation. The above equation was further developed

by Eihstein (1950) in the following way:

1 1 5 By by - L/ng _€2 _p = Ay Oy
7; 7 5 1 e dt. = = l_'l—'im— (3.17)
* l‘p* no
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et

where A, B, and nO are universal constants to be determined

from the experimental data and it is found that

_A, = 43.5 !
1
B*—'7-
n, = 0.5

3.3.3.1 Bed Load Equations Similar to Finstein's Bed Load Equations

A, Einstein- Brown Formula

Brown (1950) gave a modification of Einstein (1942) Bed
I R
load formula which is.as follows’

b = £ { %)" - : (3.18)

where P =

- __.'Y
5 _ 3
R \/g,(Y 1) D
1 _ T
1 (YS-Y} D
2 2
and: F. = /2 & 3¢y -/ 36v_
L 3 3 s 3, g
- DY ( — -1 D - .
gD m ) g ( > 1)

N
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The guantity Fl for fall velocity w of sediment size DS is given

by

o ¥s
w=Fy v/ ~ -~ D 9 - (3.19)

where v = kinematic viscosity. The bed load discharge qy is

given as volume per unit time.

B. Toffaleti Formula

Toffaleti (1369) presented a procedure for-the determina-
tion of sediment tfahsport based on-thg concept of Einstein (1950).
In his method, he replaced the actual channel for which the sedi-~
ment discharge is to be calculated, by an equivalent two-dimen-
tional channel of width B, equal to that of the real stream and
of depth R, equal to the hydraulic radius of the real stream.

Then he devided the depth into four zZones as shown in Fig. 2.6.

These are (1) the zone of relative thickness y/H 2D, /H  (2)

the lower zone extending from y/H = éDi/H to y/H 1/11.24 (3)

1/11.24 to v/H = 1/2.5 and

the middle zone extending from y/H
(4) the upper zcne extending from y/H = 1/2.5 to the stream
surface. The velccity profile is represented by the power rela-

tion,

I

w= (1+N) v y/mly

R
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where u is the instantaneous fluid velocity, N, is given by
- the empirical relation

NV = 0.1198 + 0.00048T

where T is the water temperature in degree Ferenheit. The sediment
concentration distribution for each size fraction is given by a

power relation for each of three upper zones.

: | ; - ¥ - 1.5z,
For upper zone concentration Ci Cui { T ) i
. . - Y -z,
For middle zone concentration C, = C . ( ) i
: i ml d
For lower zone concentration Ci = CLi { % ) 0.736 z,

The exponent of above three equations are given as,

z. = :iiz_
i C_HS
Z

where w3 is the fall velocity of the sediment of size Di in water

temperature T, 8 is the slope of real stream, and C..z is given

by

CZ = 260.67 - 0.667T

3.4 Suspended Sediment Transport Formulae

A part of the sediment transported by the flow in stream

is suspended in the flow. The weight of these sediment particles
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is continuously supported by the fluid. Turbulance is the most
important factor in the suspension of sediment. Owing to the
weight of the particles, there is settling which, however, is
counter-balanced by the irregular motion of_the fluid particles
introduced by the turbulent velocity components. ﬁany researchers
made their contributions in this field to find out a good sus-
pended sediment transport formula. Some of the important theories

in this light is discussed below,.

3.4.1 Lane and Kalinske's Approach

In 1941, Lane and Kalinske gave the following relation

for suspended bed material discharge

15w ( v-a )
c=¢c.e Ux d

where C is the suspended bed material discharge in ib/ft. sec.,
C is the concentration by weight, (y-a) is the level of refere-

nce above the bed, w is the fall velocity in in/sec, U, is the

*

shear velocity, 4 is the depth in inch,

3.4.2 Einstein's Approach

One of the most widely recognised methods used to compute

suspended sediment load is that proposed by Einstein in 1950.
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He gave the equation for suspended load discharge for esach size

fraction 1i g -
£ SW “SW

Tsu qsé ) [2.303 tog 30A2d )‘Il . I':;Iti\f Tpw
- 'Bw Tow [%E 1 : Iz] - (3.20)
where, T, = 0.216 %;;éTz {; ( %%Z )gy
I2 = 0.216"E%-3 A fl (£§X ) log y dy
(1-8)° 'E
and E = % ;2 = 0.20, ; P = 2.303 log ggﬁzg—

The values of I, and Ié in terms of E for values of Z can
be obtained from graphs Presented by Einstéin (1950), in which
T = weight of suspendea sediment discharge_per unit time and
width; oo is the bed load discharge by weight per unit time
and width; isw is the fraction of suspended sediment of given,
sediment size; iBw is thg fraction of'bed load in a given grain

size; A is the correction factor; 'a' is the level of reference

above bed; U, is the shear velocity due to grain only.
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3.4.3 Brooks Approach

In 1963 Brooks obtained the following equation that is

similar to Einstein's (1950) relation

=T (k %s , Z.) | (3.21)

where g is the discharge per unit width, Cmd is the reference

concentration at y = % ; TB is the transport function. For
U - Igw .
known values of k — and 2Z,, —— can be obtained from a
, U, 17 - qud

graph given by Brooks,

3.4.4 Chang et al. Approach

Chang et al. obtained the following expression for the

-suspended  load discharge in 1967.
q = dca (UL, ~ — T ) (3.22)

where Il and 12 are integrals. that can be evaluated from graphi-

cal plots.

3.4.5 Bagnold's Stream Power Approach

Bagnold in 1966 gave the following formula for suspended

load.
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) g = 0.01 TO —-a- (3.23)

where Ao is the suspended load discharge expressed as dry

weight per unit time and U is the mean velocity.

3.4.6 Velikanov's Gravitational Theory

It 1954, Velikanov obtained a transport equation based on
gravitational theory which is as follows:
oy T U Y 'bU4

= — . - - - R 3-24
sv 7 Y 5Y T Yooy 9w (3.24)

where‘q.SV is the volume rate of discharge and 'b' is an experi-

mentally determined co-efficient.

3.5 Total Load Formulae

The total load is obtained by-addition of the bed load and
the suspended lcad. Besides, this somehow indirect approach of .
the addition of the two fractions, there exist more direct
approaches. In these cases, researchers establish a relation-
ship which is immediatelj compared with measurements of the

_ total 1oad.

A more correct name for the total load is, actually,

bed material load.
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3.5.1 Colby's Approach

After investigating the effect of mean flow velocity,
shear, shear velocity, stream power, flowldepth, viscosity,
water température'and concentration of fine sediment, Colby
(1964) developed'four graphical relations for defermining the

bed material discharge,

The true sediment discharge Ipe corrected for the effect of
water temperature, presence-Of fine suspended sediment and sedi-

ment size is given by
rd

b

qp = {1 + (kky = 1) 0.01k3] q

Ti (3.25)

where kl, kz_and k3-are the correction factors found from graphs.

kl = 1, when the temperature is 60°F, k2= 1l when the concentra-

tion of fine sediment is negligible and k3 = 100 for D50 lies

between 0.2 mm to 0.3 mm. Dp; = Incorrect sediment discharge.

3.5.2 Engelund - Hansen Formulad

Engelund and Hansen (1967) developed a sediment discharge

formula which was based heavily on data from experiments in a

specific series of tests in a large flume. The sediments used
in this flume had a median fall diameter of (.19 mm, 0,27 mm,

0.45 mm and 0.93 mm. The equation can be written as,
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D T 3
_ 2 50 Q ) =
q = 0.05 y_V v - (=375 2 (3.26)
S s 50
g“;: -1)

All the variables in previous -equations have already been
discussed. Since the equation is dimensionally homogeneous it

can be used with any consistent set of units. ‘

3.5.3 Inglis-Lacey Formula

Inglis and Lacey developed the following formula basing

the data from large scale irrigatiOn canal.

Is : W gH g : i

in wﬂich(u is the fall velocity of a characteristic sediment
particle which is assumed to be particle having the median size
of the bed material. Ie is the sediment discharge in lbs/sec-ft.
The other quantities have been defined previously. Since the
equation is dimensionally homogenous it cah be used with any

consistent set of units.

3.5.4 Ackers White Formula

Based on dimentional analysis and physical considerations,
a general function. was developed by Ackers and white in 1973.
The various co-efficients were derived using a wide range of

flume data. The general function is
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F
_ gr _ m
Ggr = C { - 1) (3.28)
where .
G = = i y B (3.29)
gr SSD v - . '
Va . _l—n
Fgr = : (3.30)
/gD(Ss-l) /32 log (lgH )

in which m, C and A are given in terms of Dgr’ the dimention-

less particle size and is defined as

g(ss4l) 5
Dy = D | ——5— , (3.31)
v

Here X is the sediment transport, mass flux per unit mass flow

rate.

For coarse sediment, Dgr> 60

=1
i
=
L
o
Q
Il
o
©
N
w

For transtional sizes 1<D__ g 60

n=11.0 - 0.5% 1log D
gr
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9.66

b
gr

+ 1.34

log C = 2.86 log D_, ~ 109 ( Dgr)2 - 3.53

. | / .
The general function of Ackers and white is based on flume data
with sediment size in the range 0.4 mm <D ?4.0 mm., A limitation
of Froude number of <0.8 is.iﬁposed pending further investiga-

tion.

3.5.5 Shen and Hung‘s Approach

Shen and Hung (197i) recomanded the use of a regression
equation based on available data for immediate engineering pur-
pose. The disadvantagg’of this approach is that the final flow
parameter cén be made dimentional. The formula proposed by Shen

and Hung can be expressed as:

Log C = -107404.459 + 324214.747 X - 326309.589 %%+ 109503.872 X°

ees  {3.32)

0.57 ]| 0.0075
_ |l vs
Where X = [.w0.32]

A major limitation of the relation is its independence of depth

of flow caused by the analysis of data covering a limited depth

range.
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3.5.6 Yang Formula

The approach proposed by Yang (1973) has provided one of
£he more recent formula for evaluatihg the total sedimeﬁt trans-
port rate, He approached the total transport from the energy
expendituré point of view and related the‘transport_fate to
stream'pdwer.lBy using available data, mést of whichlis of labora-
tory origin and with the help of multiple regression techniques,

the following expression was obtained.

. : [9)
log C = 5.453 - 0.286 log ﬂ\fl - 0.457 log -ai + (1.799 - 0.409
U vV _ .8
wb _ : _* , vs _ ‘¢r
log = 0f3l4 log m ) log ( - _TT_") (3.33)
v r )
The value of —%— is given by
v
cr _ 2.5 .
1 -— - 0.0
oqg S 6
and
Vo : u,b
—— = 2.05; 70¢

3.5.7 Holtorff's Equation

Based on the concept that the total power of fluid and

sediment flow is constant i.e., as the power of the sediment flow
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A

increases, the power of the fluid decreases/Holtorff (1983)
suggested the following expressions to compute the total sedi-
ment discharge in alluvial stream.

L
(TO TC)V

For plane bed, (3.34)

q =
PP 3 (1-n) pg(S_-1) tan ¢

where n' is the grain coefficient = 1 + 0.3 log Rb in which

b

expression

R, is the boundary Reynold's numbér and is given by the following

R, = 0.195 —

For deformed bed (dune) the expression is

where 1 = 0.285 kA . { 1 varies 0 to 0.5)

. . }i
(f—fc) (fRe)

For antidune, 1 = 0; in which k = %ﬂ
and, L = wave length
Re= Renolds number of flow
f = Dorcy - Weisbach factor and f£' and fé are related to
8T6 8TC
£' = ——=— ; £, =
z 7 c 2
Vo Vop
and T = 0.047 gp(Ss—l) D50
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3.5.8 Mantz Equation

‘Mantz in 1983 suggested a semi - empirical equation to cal-
‘culate sediment flow for both fine and coarse materials. His for-

mula is expressed as follows

For Bed Load Discharge

©2.57 x ;of4(g;)-2'90 : :
q, = . - (3.36)
For DB = 0.0l mm to 0.2 mm . and
H=0.,03m¢to 0.12 m
_ 6.17 x 10 % () 150 (3.37)
qb H/Db ' '
For D, = 0.2 mm to 3.00 mm

b

and H = 0,12 m to 12 m

For Suspendeﬂ Load discharge

_ -2, .1.03
g, = 1.26 x 107 ° (P! )

Eig

(3.38)

where Pé is the excess stream power and expressed as

P' = (P -P ) ; Here P is the c¢ritical stream power.
w w we we

The total sediment discharge is obtained by summing up the above

two equation i.e., bed load discharge+ suspended load discharge.
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3.5.9 Strathclyde (Hessain,l1l984) Formula

In 1984, Dr. Hossain suggested a sediment transport formula

of semi empirical nature as follows:

c=a [xa ¥> ZC:I O (3.39)

where
C = the sediment concentration in ppm.
A = 0.845 x 10° for Q< 1.0 cumecs
; .
= 6.946 X 105f_ for Q>1.0 cumecs
‘0 A
A ’ -
X — 7&"1:1' a 0.745.
y = £ b = 0.633
w
Z = éL c = 0.50
c
w = settling velocity-fof a representative sediment size, for
which DSG = Q.15 mm at ambient temperature

w = settling velocity of the sediment load

Q = assessed water discharge and is calculated as

5/2
[( 2.15 + 0.205 2 ) u (g_S)l/S] (3.40)

It should be noted here that the sediment transport function

developed represent a median condition of correlation.
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CHAPTER - 4
THE RIVER GORAI-MODHUMOTI-ITS BEHAVIOUR, SEDIMENT CHARACTERISTICS
AND FLOW CONDITION

4.1 Physiographical Description of Gorai-Modhumoti Basin

The Gorai-Modhumoti basin physiographically falls under the
category of deltaic plain. Again owing to physical feature and
drainage pattern, this deltaic basin can further be divided into

the Moribound delta; the central delta and the mature delta

(Fig. 4.1; Ahmed,N.,1968) .

The upstream of- Gorai-Modhumoti falls under moribound delta
plain. If an imaginary_line-is drawn from north of the Faridpur
town in a South-Westerly direction to south of Satkhira, then
in general all the area north and west of this line would lie
in the moribound delta plain, an area of dead and decaying rivers.
This part is somewhat higher and free from regular annual inunda-
tions. No tidal water reaches the river and it génerally remains
confined within its high baﬁks, except dur;ng the rainy. season.

A part of the Ganges water flows in the river Gorai-Modhumoti.

¥
The distributaries of the river Gorai have deteriorated and
become chocke&,with vegetation and weeds. From the air it present

a fantastic picture of dirty, a green bands, creeping into the

country side (Hossain, L., 1974).

The central part of this basin falls under the central del-

taic plain. This area is commonly known as Faridpur bill area
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and it is about 900 sguare miles. The cause of these extensive
bills is due to the absence of rapid deposition by the active
distributaries (which £low towards its east) coupled with steady
subsidence due to warping by torsional forces ( Haroun Er Rashid,

1967) .

The‘tail end of Gorai-Modhumoti basin falls under mature

deltaic.plain. If an imaginary line is drawn from east to west of
Faridpur bill area, the souther; part of this line falls under
Mature Deltadic pléin. The land is slightly higher. Tidal excursion
are experimented in this zone. The rise of“tide has led to rapid
deposition of the silt carried by the rivers. The formation of
this ledge has proceeded with compacﬁiOn of the deposits, which
made the depression along the east-west line to the north of it

(Hossain,L., '1974).

4,2 Origin and Course of the River

The goréi is the main distributary of the river Ganges.
it originates ffom the.right bank of the river Ganges near Tal-
baria of Kushtia district. In the downstréam of Kamarkhali the
river is renamed as Mocdhumoti and the Gorai-Modhumoti course
flows in the South-east direction., The main river bifurcates and
rejoins several times as it flows soﬁth—east to Muhammadpur Upa-
zilla of.Magura district, from there flowing South- southwest

direction. The Kumar, Nabaganga and Chitra join it through several
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il

channels southlof Mollahat Upazila‘( Fig. 4.2). Therxe the name
changes to Baleswar, which in turn take the name of Haringhata

from the Bogi forest out post of the Sunderbans.

4.3 Present Flow Condition:of Gorai-Modhumoti

‘Durinq the last three decades, diversion of Ganges water
to the Gorai has been highly variable due to moving sandbars
which periodically_seriously ob;truct fiow into Gorai. Flows
into the Gorai were completely cut-off in 1876, but this stopage
was largely due to Ehevhistroic low discharges and water levels
in the Gandes river,(H}ECO,lQSI).

In 1981, the maximum_ flood discharge of the river Gorai-
Modhumoti at Gorai Rly. bridge water measurement station was
abbut 2,34,000 cusecs and in the winter it was as low as 157cfs
table 4.LActually, in winter no water of the Ganges falls into
the Gorai and hence the upstream remains almost dry. But in the
rainy season huge amount of water from the Canges river pass

Fl

through the Gorai- river.

4,4. Causes and Effect of Low Discharge at Gorai

The water discharge at Goral offtake largely depends on the

flow condition of the Ganges, the channel geometry, the flow in
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the Brahmaputra river ( causing backwater effects at the Gorai
offtake) and sand bars formation at the upstream of the river

Goral.

The minimum discharge in Gorai at Gorai railway bridge

water measurement station ( 8 miles downstream of Gorai offtake)
in 1981 was recorded 157 cusecs and day by day this diséharge

is being lowered. This low.discharge effects Khulna industrial
area where insufficient flow rates causes saline water intrusion.
Besides, the Gorai Irrigation project, Magura-TI Irriéation Pro-
ject,'Chenchuri'beél irrigation project, 0ld river Resuscitation
project, Baliakandi and Barasia Irrigation project are adversely

affected due to lowering of water levels at Gorai offtake.

It is estimated by the special studies, BWDB (March,1981l)
that the minimum flow in Gofai for extreme low water condition
would be approximately 6,730 cusec and the corresponding minimum
discharge at Ganges at Hardinge Bridge measurement station would

be 22,200 cusecs, to save the aforsaid projects.

4.5 River Secticon at Gorai Rly. Bridge

The section at Gorai Rly. Bridge. is about 8 miles down-
stream of Gorai offtake. At this section the river is meandering.
Water level and discharge data are available in Hydrology depart-

ment of Bangladesh Water Development Board since 1964. BWDB is also
3
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collecting sediment data since 1964 but not regularly. It is
also observed that the river at this section is eroding its left

bank.

4.6 Sediment Discharge and Hydrographs

It is frequently observed that the sediment diScharge-and
water discharge do not always iﬁcreése or decrease simultanecusly.
Jarccki (1963) suggests that this is owing to the difference in
the cause of two effects. Iﬁtensive sedimen;mtransport.from.the
river basin does nof,‘necessarily, coincide with the occurance
of maximum flow rates., For small and homogeneous watersheds, the
two peaks usually coincide, since the runciff or rain is respon-
sible for both of theﬁ. For large rivers it.is often reported that
the peak sediment discharge depends on the hydrologic system of
the watershed and the water velocity. The 6bservations by Einstein
et alia ( 1940) for ﬁhe Enoree River, by Jarocki (1963) for the
Vistula and Volga, and by Nordin et al. (1963) for the Rio Grande,

all exhibit this trend.

The discharge hvdrograph and sediment concentration of
Gorai-Modhumoti are shown in Fig. 4.3, 4.4 and 4.5. Figures
illustrate that the peak sediment discharge genérally occurs a little
later than the peak ©0f the water discharge. Figure 4.6, 4.7,

4.8 and 4.9 shows the stage discharge curve for this river.




CHAPTER - 5
DATA COLLECTION, ANALYSIS, RESULTS AND DISCUSSION

5.1 Source of Data

The basic data have_been collected from Bangladesh Water
bevelopment Board (BWDB). Water discharge and other associated
flow measurement data have‘beén collected from the Directorate
of Surface Water Hydrology, BWDB,_Dhaka. The suspended sediment
concentration have also heen collected from the Surface Water
Hydrology Directorate, BWDB. The bed material size have been
obtained from River Research Institute, BWDB, Dhaka. All the data
have been collected frdm Gorai Railway bridge station:@ﬁQJLZLfkshks,
the water level data at Kamarkhali station have been collected to
determine the water surface slope. But a considerable amount of
time have been spent in the assimilation and compilation of the

data scattered in different stations of BWDB.

The above data were available at BWDB since 1964 and only
data from 1976 to 1984 have been considered in this study. Further
more, sediment conéentration déta were not collected by BWDB on
a regular basis and were often not in a usable form. All data
have been arranged systematically and brought ingo proper form

in a manner shown in table 5.1.

S.2 Field Measurement Procedure

The BWDB has been collected sediment concentration and flow

data for Gorai river at Gorai Railway bridge station. Water flow
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and sediment concentration data and their various parameters

were calculated in the following way:

i) Water discharge (g): For each sub-section delineated by two

adjacent verticals the discharge is obtained as the product of
the average of velocities at the two verticals-and the area of
the sub-section. The total flow discharge (Q) for the entife
section is obtained by summing up the discharges for all the

sub—-sections.

ii) Water Surface width (B): It is the sum of the widths of all

the sub sections,

iii) Cross-Sectional area (A): From the measured depth at the

verticals, the distance between verticgls and water surface ele-
vation, the transverse bea profile i; plotted, keeping the left -
lbank at the left edge of the paper. The top boundary Qf the
‘cross-section is the horizontal line forming the water surface
width while the rest of it is the river bed profile. The cross-
secticnal area is then calculated by summing up the areas of

all the sub-sections.

iv) Mean Velocity (V): Mean velocity has been obtained dividing

the water discharge by cross—-secticnal area.

v) Mean depth (H): Mean depth of flow has been determined from

equivalent rectangular channel section whose top lateral dimen-
sion equals the water surface width. Thus the water section area

divided by the water surface width gives the mean depth.
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vi)} Water Surface Slope (s): Water surface slope has been deter-

mined from simultaneous staff Gauss readings at Gorai railway

bridge station and those situated downstream of Kamarkhali. The

difference of the two readings is divided by the total length of

water course yields the water surface slope.

The length of water course between above

two Gauge Stétions

was recorded 67.1 km by the Directorate of special studies, BWDB.

5.3 Sediment Concentration and its Measuring Instrument

The sediment concentration has been determinad by BWDB with

a sampler known as Binkley silt sampler which consists of two

brass made hollow pipes mounted at the two ends of a rubber

sleeve. The rubber sleeve again have two valves which can manu-

ally be operated. During operation the instrument is lowered 1into

the water at a certain depth and suﬁdenly the
valves of the sleeve is stopped manually. The
in the manner is then transfered to a plastic

. N ¥ .
computation of sediment concentration.

The suspended sediment concentration has

at 0.2 and 0.8 depths of each sub-section and

inlet and cutlet
samples collected

container for

been taken by BWDB

average of the {woO

is the mean concentration for each sub-5ection. The average sedi-

ment concentration for a section is then calculated by summing up

all the concentrations divided by the number of sub-sections.

)
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5.4 Other Sediment and Water Flow Paranmneters

Besides, the data as described above the following parame-
ters are reqﬁired to compare the performance of variocus sediment

transport formulae.

i) Effective sediment size (D..): The grain size analysis of bed

50
material is available in BWDB only for the year 1964. From grain

~size analysis (Fig. 5.1) the median grain size } is obtained

P5q
as 0.048 mm. Again from table-I the above sediment size falls

under the category of coarse silt.

ii) Water temperétpre (T) : The water temperature'data were not
collected in the field. Two standard average values of tempera-
ture i.e., BOOC (April to October) and ZOOC (November to March)

is assumed in this study.

iii) Fall velocity (w): As discussed earlier, many formulae and
graphical relationships are used in computation of fall velocity.
The graphical relationship as suggested by Raudkivi (Fig. 2.1) has
been adopted in present study for computation of fall velocity.

From this relationship two values of fall velocity, = 0.3 cm/

“3g

sec. and w = 0,21 cm/sec, are considered in this study at 30°¢C

20
and 20°c respectively.

iv) Kinematic viscosity (v}: The kinemat;clviscosity is the
ratio of the absolute viscosity to density; v = % and has units
of square meters per second. The standard value of kinematic
vigcosity at 3OOC and 20°C is assumed as 8.59 x 10"7 mz/sec

and 1.01 x lO_6 mz/sec respectively in this study.
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v) Specific weight (y): The specific weight is computed by the
formula, y = pg; where p is the density and g is the accelera-
tion due to gravity. The standard value of density of water (p)
and the density of sediment {ps) is considered in this study

-as 1.0 and 2.65 respectively.

5.5. Performance of the Formulae

5.5.1 Strathclyde Formula (Hossain 1984)

‘Figure 5.2 shows the graphical COmpafison of the calculated
and measured sediment discharges. The best fit line has been
drawn by regression analysis. The lines of perfect agreement
have also been shown in the figure. The scatter in the figures
may be due to the apéreciable quantity of bed and wash load

present in the measured total load.

The r#tio of calculated to the observed sediment discharge
(Descripency ratio) varies between 0.52 and 16.6 with a mean
value of 2.77. From the table 5.2 it is apparent that about 60%
of the data fall within the range of descripency ratio from 0.5
to 2.0 values. This indicates the closeness of the data about
the mean line is better. Hence, it may be inferred that the

results obtained by Strathclyde formula are consistently good.
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5.5.2 Mantz Eguation (1983)

Resuits obtained by Mantz formula provideé relatively

a better correlation. Figure 5.3 shows the comparison between
the calculated and observed sediment discharge for the Gorai
river. In table 5.2 there has been depicted that about three-
fourths of the data have a range of descripency ratio from 0.5
to 2.0. This indicates that most of the calculated values lie
nearer to the mean line. S0 the predictive pe;formance of this
forﬁula against thé/field data of the'river Gorail appéars to
be acceptable. Againf'the range of descripency ratio varies
from 0.37 to 6.71. The scatter of the points about the mean
line may.be attribﬁted to the presence of bed and wash load.
In addition to that the eguation has been derived on the data

obtained from laboratory channels that have a particular

depth of flow and a given range of sediment size.

5.5.3 Engelund—ﬁansen Formula (1967) T

The performance of the formula against the present sets
of data is shown in figure 5.4. The ratio of calculated sedi-
ment discharge to the observed sediment discharge varies from
0.14 to 5.0 with a mean value of 1.26. About 56% data have a
range of descripency ratio from 0.5 to 2.0. This indicates that
about 56% of the calculated values of sediment f£low fall
within + 100 percent region of perfect égreemént line. The

predicted values fluctuate from seven times lcwer to five

k=4
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times greater than the measured ones which indicates a moder-

ate performance of the formula.

5.5.4 Yang Formula (1976)

R

This formula yields a reasonable performance against
the data in flood season but during very low dlscharge in the
winter it prqvides very unrealisgic predlctlon as shown 1n
table 5.3 and 5.4 As such, about 44% data were not fouﬁd suitable
to use in the study. Originélly this formula has been derived
on the basis of the study of the data of sand bea flumes and
rivers having fine and coarse sand. But the bed material size
of the present study falls under the category of coarse silt
0.048 mm) . These may be attributed to the poor correlation

cof this formula.

About 32% of the data have a range of descripency ratio
from 0.5 to 2.0. This indicates the poor coverage of data

about the mean line, as shown in figure 5.5.

5.5.5 Ackers-White Formula (1973)

The performance of this formq}a against present sets Of
data 1s shown iﬁ table 5.3 & 5.4.This prediction is quite erratic.
This may due to the fact that the sediment transport rates
largely dépends on the significant particle size. This formula

is well defined for coarse and transitional sediment sizes
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but for fine sediments like the present study, this formula

states nothing.

About ninty percent data falls outside the range of
descripency ratioc from 0.125 to 8.0. The maximum descripency.
ratio ié as high as about 450 times, whereas the minimum
descripency ratio is as low as about to zero. This warrant

the recommendation of this equation with the present sets of

data.

5.6 Comparative Stﬁdy

The formulae to be accepted as suitable for the river
Gorai—Moéhumoti ha&e been selected on fhe basis of five cri-
teria viz, (i) Maximum data coverége for tﬁe descripency range
of 0.5 to 2.0. (ii) The range between the highest and lowest
descripency ratio {iii) The percentage of data applicable
to the formulaeﬁ (iv) Standard deviation and (v) Coefficient

of correlation.

Of the_five formulae examined in this study, the Mantz
equation predicts transport rates which are cowmparatively
closer to the observed values. About 77% data lies within the
descripency ratio range from 0.5 to 2.0 (Fig. 5.6}. The mini-
mum and maximum descripency ratio is 0.37 and 6.71 respectively.
Again it is found that about 25% of the predicted value lies
within the range of 85% accuracy of the observed values. Consi-
dering the above facts, the Mantz Equation shows-the best per-

formance of all the five formulae against the data of present stuay.
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About 60% data calculated by the Strathclyde forﬁula have
a descripency ratio range from 0.5 to 2.0 (Fig. 5.7). The maxi-
mum and minimuam deécripency ratio is 16.6 and 0.52 respecﬁively.
It is apparent that about 5% of the data have a very high descri-
pency ratio abové 8.0). Besides, about 20% of the predicted
value lies within range of the 80% accuracy of the obsefved values.

From these considerations the Strathclyde formula may be regarded

The maximum and minimum value-of descripency ratio for the
Engelund-Hansen fo?mula is 0.14 and 5.0 respectively. Moreover
about 56% data fall within the descripency ratio of 0.5 to 2.0
(Fig. 5.8). This also proves the formula to be a stable one for

the present sets of data of the Gorai river.

As far aé the Acker-white formula is conéerned, there exist
no consistent trend of variation of predicted rates. At times
the formula under estimates and at times it abruptly over esti-
mates the transport_rates. Thus it‘appears from this study that
the formula lacks ;onfidence in the.prediction against the

field data of present study.

Although the predicted values of Yang formula during high

flow as compared to the observed values are good, the formula

does not respond during 1ow-fibw condition. So, it is apparent
that the Yang formula has shown poorﬁperformance against the

data of this study (Fig. 5.9). Though the results obtained by
Yang formula are not good, this seems to be better compared to
the results obtained by £he Ackers-white formula ( table-5.2).

|
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In this study, as it appears that ﬁhe Mantz and the
Strathclyde formula has provided comparatively better predic-
tién against the present sets of data. This is then followed
by the Engelund-Hansen formula, the Yang formula and the Ackers-
white formula. This is shown in table-5.3 and tableé&4;The per-
formance of the formulae in prediction of total load, as com-
pared to the obsgrved suspended load is shown in Fig. 5.10 and

5.11.

5.7 The Regression Equation - ' o - _ .

.
These are the equations relating the observed suspended

sediment rates to the total predicted sediment rates (Fig.

5.2 to 5.5). The data have been fitted by regression analysis

cf the power form;

Y = kxN (5.1)

where 1 is exponent and k is a constant. The equations obtained

in this studyiare:

c = 78.52 C 0.235 ( Strathclyde; Hossain 1984 (5.2)
< T formala)
B 0.691
Cc = 4,315 CT (Engelund-Hansen formula ) (5.3)
N 0.70 ' -
Cc = 2,455 CT { Yang formula) {5.4)
c, = 19.91 CTO'406 (Mantz Equation) (5.5)

Here Cc and CT are calculated and cobserved sediment concentra-

tion in ppm respectively.
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5.8 Sediment Rating Curves

These are the curves relating between the (i) observed
suspended sediment discharge and the water discharge ( fig.5.12).
{ii) Observed suspended sediment discharge and.aﬁefage velocity
{fig.5.13).(iii) Obéerved suspended sediment rate and water area
( fig. 5.14) and (iv) Observed suspendeé sediment discharge and the
average depth (fig.5.15). The equations found in this study by

regression analysis are as follows:-—

0.325

cp = 4.571 0% (5.6)
Cp = 20.4. ykee8ny ‘ (5.7)
Cp = 1.584 al-471 (5.8)
Cp = 19.95 q?-73 - (5.9)

These curves could not be compared with the curves of other in-
vestigators since similar curves were not available to the author.

However, it may be used for future comparison.

5.9 Hydrogeometric Relations

At a particular section the average velocity (v) depth(d},
water area (A) continuously change as water discharge (Q} changes.
An increase in discharge causes an increase in each of the vari-

ables. This article shows how they vary with change of discharge.
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Figures 5.16, 5.17 and 5.18 show the plots for discharge -
versus average velocity, water area and depth respectively. The
following equations were obtained by plotting the best fit

curves with regression equation analysis. These are

o = 407.4 vi-08 : . (5.10)
0 = 0.42 2t | | (5.11)
0 = 225.4 a**?’ ' - (5.12)

According to Leopold and Maddock (1953), upto the bankful :
stage in a natural féver section the relations of velocity and
depth to discharge arehin the mathematical form of simple power
functions. The relative rate of increase of velocity and depth
are determined by the shape of the channel, fhe slope of water
surface and the réﬁghnes% of the wetted perimeter. This justifies
the different wvalues of co-éfficients and exponents obtained in
eqn. 5.10 to 5.12. Again it may be mentioned here that the rivers
flowing under different climatic and geologic conditions will
change their cross sectiOnal dimensions differently with change
of discharge. This is due to the difference in the bed and bank
material characteristics, thé guantity and guality of sediment

lcad, magnitude and variation of discharge and other parameters

from one river to another.

x u‘-j
P
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5.10 Discussion

For the present sets of data the median size of bhed mater-’
ial is 0.048 mm, the mean depth ranges from 1.31 ft. to 32.61 ft.

and discharge from 157 cfs. to 2,62,800 cfs. for the river Gorai.

While judging from the above angles, especially in terms
of magnitude and range of flow it may be inferred that all the
formulae-étudied hérein lack confidence in varying degrees.
The recently developed Mantz Equation (1983) gives comparatively
better compliance with these data. Hé suggestes a semi-empiri—
cal eguation to ;ediment flow for both fine and coarse materials.
About three-fourths of the data fell between the range of des-

cripency ratic from 0.5 to 2.0.

Relatively greater advantage of the Strathclyde formula is
that is siﬁple and easy to apply. It incorporates the coeffi-
cients based on the experiments and étudy of about 4,500 sets
of flume and field data. Considering fhe characteristics of
the river Gorai and the availability of various geometric data,
the performance of the Strathclyde formula seems to be more

acceptable:

The Engelund-Hansen formula has also the advantage for
its simplicity in form. It properly takes into account the

effect of hed sediments on sediment transport. In the present
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study the perfo;mance of the formula has been found to be

good. It is worth mentioning that the formula has been exten=
sively tested by different investigators at diffefgnt times and
proved one of the best (Task comﬁitteey ASCE, 1971, W.R. white

et el.,1973, and C.V. Gole et el., 1973).

Performance of the Yang's formula against the present sets
of data is not very encoﬁraging. This is'due to the £fact that
the Gorai riﬁer has a large fluctuation of discharge throughout
the year. Again the co—efficients of the formula are influnced
mostly by flume data of Gilbert, its application in river like

the Gorai possibly needs modification.

The applicatidn of the Ackers-white formgla in present
study appears to be doubtful as observed from its performance.
Again, the formula does not take into account thebed form
characteristics properly. The Ackers-white formula involves
laborious caléulation and thus put severe limitations. for

-

practical use ( table 4.3).
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CHAPTER - 6

CONCLUSION AND RECOMMENDATION FOR FUTURE STUDY

6.1 Conclusion

Five equations to computefthe total sediment load in
alluvial rive&s have been used against the -data of the Gorai-
'Modﬁumoti rivef. The. data were obtained from Bangladesh Water
Development Board for various years. Based on the study as deli-
neated in the previous chapter, the following conclusicons may be
drawn: ‘

s .

i)-The Mantz, the étrathélyde.and the Engélund—Hansen formulae
vield comparatively a bétter prediction. Values obtained by the
Mantz equation have been found to be in closer agreement with the
observed values while Strathclyde and Engelund-Hansen formula
give consistent results in terms data coverage between the des-

cripency ratio of 0.5 and 2.0.

ii) The relationship between observed sediment concentration and

computed sediment concentration and the water discharge of the

Gorai river may be correlated to give simple power equations

( eqns. 5.2,5.3,5.4,5.5 and 5.6) .

iii) The hydrogeometric relationship between water discharge and _.
mean velocity, average depth and cross-sectional area of flow for
the Gorai river at Gorai Rly. bridge station may be correlated to

give simple rating curves ( eqns. 5.10, 5.11 and 5.12).
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iv) The relationship between observed sediment discharge rates
and mean velocity, average depth and cross-sectional area of flow
may also be correlated with the help of simple rating curves

{egns. 5.7, 5.8 and 5.9).

v) It is revealed from this study that about 13.27 million tons
of suspended sediment pass through the Gorai rly. bridge of Gorai-

Modhumoti river annually (table 6.1}). o T

vi) The hydrographs of observed suspended sediment discharge and
water discharge (Fig. 4.3, 4.4 and 4.5) show that the peaks of
sediment hydrograph preceeds the peaks of the water hydrograph.

Similar relationships were also found by Jarocki (1963) for the

’
4

Vistula and volga river.

6.2 Limitation of Present Study

The collection and analysis éf data should be based on
recent standard practices. The necessary déta like concentratien,
discharge,. depth, width, velocity of flow, sediment size, temper-
ature etc. for this study were not available throughout the year and
hence detail-invgstigation pe;taining‘to sediment movement could
not done properiy.' Mcreover, due to the lack.. of water temper-
ature data, evaluation of computed sediment rates of the river
Gorai was dependent upon standard value of temperature. Thus

systematic approach and methodology should be developed for

the collection of various geometric and hydraulic parameters.
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6.3 Suggestion for Further Investigation

In view of the limitations cited in the previous article,

the following suggestions are made for future study:

i

1) More data should be collected and compiled spreading over a

large number of years to study their correlation.

2) More sediment tranéport.equations should be considered to

validify their efficacy against this river.

3) Data for more thah one station and éovering a wide range of

time should be taken to study erosion-deposition phenomena.

/ : \
4) Measurements of béd load shbuld be undertaken. However, very
good bed load sampling technique still does not exist. Possi-
bility of determination of bed load by tracer techniques may

be explcred.

5) Similar investigationsrmay be carried out ¢on other smaller
rivers of Bangiadesh to formulate the relationships among

the variables that influence sediment movement.

[P .

)
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Table ~2.1

Sediment Grade Scale
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(Subcommittee on Sediment Technology,.A.G.U.)

Size Microns Inches Class
in millimeters
4000 - 2000 160 ~-80 Very large boulders
2000 - 1000 80- 40 Large boulders
1000 - 500 .40 - 20 Medium boulders
500 - 250 20 - 10 Small boulders
250 - 130 10 - 5 Large cobbles
132 - 64 5 - 2.5 Small cobbles
64 - 32 2,5 =~ 1,3 Very large gravel
32 - 16 : 1.3 - 0.6 Coarse gravel
16 = 8 0.6 - 0.3 Medium gravel
8 - 4 0.3- 0.16 Fine gravel
4 - 2 0.16-0.08 Very fine gravel
2 - 1 2000-1000 Very coarse sand
1 - 0.5 1000- 500 ‘Coarse sand
0.5- 0.25 500- 250 Medium sand
0.25-0.,125 250~ 125 . Fine sand
0.125-0.062 125 - 62 Very fine sand
0.062-0.031 62- 31 Coarse silt
0.031-0.016 31 - 16 Medium silt
0.016-0.008 16 - 8 Fine sgilt
0.008-0.004 8 - 4 Very fine silt
0.004-0.002 4 - 2 Coarse clay
0.002-0.001 2 - 1 Medium clay
0.001-0.0005 1 -0.5 Fine clay
0.0005-0.00024 0.5-0.24 Very fine clay

A
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Table - 4.1 °
A brief summary of the river Gorai-Modhumoti
Station: Goral Railway bridge Year: 1981
Length off Maximum| Minimum| Maximum|Minimum | Maximum| Minimum{ Maximum [ Minimum
the river discharge | discharge| average | average | average average average’ average
(miles) depth depth width width velocity | velocity
{cfs) (cfs) (ft) (ft) (ft) (£t) (ft/sec) .| (ft/sec)
i 2 3 4 5 6 "7 ! 9
148 2,34,080 157 30.71 | 4.30 1549 203 f 5.41 0.58




TABLE =501

BASTIC DATA

RIVER: GORAI-MODHUMOTLI Station: Gorai-Railway Bridge
Date Width| Depth{ Average |Cross- Discharge slope Sediment Eed mgter.—.
o | e e T e | s | SERL
1 2 3 4 5 6 7 8

7-6~76 503 3.28 2.64 2030 5370 4.46 -

14-6-76 1153  5.87  3.93 6100 24000 5.00 -
| 21-6-76 1243 9.78 - 3.93 9300 36600 4.53 -

28-6-76 1198 7.45 3.25 8400 27400 4.82 198

5-7-76 1332 13.58 3.95 16500 65200 - 5.17 152

13-7-76 1376 15,29 3.6l 19100 69000 5.03 138

19-7-76 1399 15.72 4.29 21200 91300 5.12 70

26-7~76 1400 16.18 4.00 022500 89931 4.94 94

2-8-76 1448 16.44 3.74 24300 90700 l4.90 134 X9 3
9~8-76 1416  21.79 l4.20 28900 121700 5.08 280 2 g g
16-8-76 1536 25.07 4.73 32400 153000 5.46 312 “o ['Ig I;g
23-8-76 1542  26.18 5.34 33900 181000 - - - 5.82 -~ A
30-8-76 1753  27.30 5.28 38400 202100 5.9 -

6-9-76 1494 . '25.20' 4.98 313800 159000 5.53 -

13-9-76 1490 .27.00 3.86 34200 131900 5.53l 108

20~9-76 .1598 30.38 5.31 40800 216900 6.13 -

24-9-76 1655 31.89 5.74 42700 245500 | 6.48 -

28-9-76 1493  28.48 4.19 37400 158900 5.90 -
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Date Width| Depth | Average | Cross- DischargejSlope Sediment Be‘démat_:er—

{(ft) (ft) | velocity SecéArea (‘ft3/sec) in . Eigz?g;;) ia(lilm)s12e
(£t/sec)| (££%) L0~

1 2 3 .4 5 6 7 '8

4-10-76 1424  23.23 3.21 27800 89300 . 5.26 -

11-10-76 1414 20.44 2.45 24500 60200 4.91 ~

18-10-76 1447 17.52 2.25 18600 45800 4.64 -

25-10-76 1169 14.86 2.37 14600 34500 4.40 -

1-11-76 1097 13.42 2,72 10500 28700 4,38 -

16-10-78 1394 25.95 2.73 ' 30200 82200 4.79. -

23-10-78 1383 23.13 -A2;44 , 24694 - 60200 4.47 -

30-10-78 1276 20.67 2.35 19100 45000 4.47 -

6-11-78 1187 18.8? 2.26 14810 36930 4.12 -

14~11-78 1148 16.93 2.46 12410 30;00_ 3.98 - ® o

27-11-78 973 14.11 2.54 8444 21400 3.67 - 3 z S

4-12-78 911  12.60  2.66 6630 17700 3.2 - "ot

11-12-78 898 12.14 2.54 6598 16753 3.42 - a’d” a

25-12-78  903.  -10.96 -  2.99 4603 13800 13;23 -

1~1-79 '893 110,40 ¢+ 1.80 3593 6470 3.16 -

8-1-79 893 9.65 1.44 3878 5590 3.18 -

15-1-79 880 8.92 2.06 3970 8190 3.19 -

22-1-79 878 8.96 2,17 4030 8730 3.36 -

29-1-79 902 8.50 2.09 3740 - 7830 3.27 -

5-2-79 916 8.89 2.12 4040 8550 3.39 -

12-2-79 931 9.29 2.19 4460 9760 3.36 -

19-2-79 968 9.74 2.18 5050 11000 3.45 -




: Table -5.lcontd.

Date Width f)epth Average.' Cross- |Discharge |Slope|Sediment Bed materx-
(£t) (£t) ‘fflff;g:) SecéArea (ft3/sec) ' in_s' cox}gentr ial size
(£L7) 10 ation (ppm) (mm)
1 2 3 4 5 6 7 8

26-2-79 951  9.22  2.26 4375 9880  3.46 -

5-3-79 951 8.40 2.13 3780 8070 3.32 -

12-3-79 973 8.99 2.10 4550 9550 3.50 -

19-3-79 972 8.33 1.99 3850 7680 3.23 -

26-3-79 891 7.7 2.06 3155 6500  3.20 -

2-4-79 898 7.48  2.19 3040 6660  3.12 -

9-4-79 906 7.35 2.17 ©. 2970 6440 3.320° 106

17-4-79 914 6.92 2.}@ 3495 7350 3.20 -

23-4-79 922 8.04 . 2.24 3530 7890  3.29 104

2-5-79 1013 7.51  2.16 3735 8060  3.23 148 2 g §
7-5~79 877 7.90 2.10 3860 8090  3.34 92 S T
14-5-79 1010 7.74 2.12 4035 8560 3.27 70 : 52153
22-5-79 1024 6.23 2.20 4630 10200 3.31 -

4~6~79 1038 8.01 2.08 4760 9910 3.34 -

11-6-79 1064 6.20 2,12 3460 7350- - -3.41 -

18-6-79 1094 6.89 1.95 3910 7630 3.20 -

25-6~79 1122 7.45  1.85 6045 11200  3.53 182

2-7-79 1142 8.86 2.23 9090 20200 3.98 98

9-7-79 1337 15.32 3.13 18000 56400 4.66 198

16-7-79 1284 18.28 2.91 18365 53400 4.56 144

23-7-79 1432 21.26 3.90 26140 102000  5.26 210

30-7-79 1486 25.95 4.21 33580 141000  5.45 312




Table~5.1 contd.

R

Date Width |- Depth Averazéé- Cross- Discharge| Slope S'ed;fment Bed mater-
(£t) (ft{, y?hxﬁty Seczgﬁa (fﬁ%/sec) in—s zgggentr ial size
(ftjﬁeg) (££°) o . ;%P 1 (ppm) (mm)
1 2 3 4 5 | ¢ b 7 8
6-8-79 1482  27.82  3.88 36805 143000 3.92 192
13-8-79 1433 27.66 - 3.47 31240 . 108000 4.93 -
20-8~79 1480  27.53 3.68 36235 . 133000" 3.26 398 .
27-8-79 1483 32,61 3.56 41050 ‘146000 5.24 396° y
3-9-79 ;1421 28,41 - 3.19 }';. 32910 - 105000 © 4.92 ' 246
10-9-79, W21 27.27 3.32 0 32085 107000 ©4.93° 120
17-8-79 1420 23.98 2.89 - 29500 85200  4.72 e
24-9-79 1371 19.23  2.26 21450 48600  4.26 1465 |
2-10-79 © 1334 17.68 235 18960 44500  4.30 94l
8-10-79. 1394  19.59 2.52 21445 54100  4.43 - 120 2
S o 28 3
15-10~7% 1387 19.88  2.44-°  _ 20870 50900  4.36 120 SS9 3
) Ty L o o o
| 22-10-79 1187 S 16.18  2.19 16230 35600. | - 3.88 120 ﬂ: {n ﬂn
T 29-10-79- 1060 13.55. 2.17 12520 27200 . 3.64 - 106 A%a" A
5-11~79 | 1026 8.79  2.37 8030 19100  3.38 - :~'114 ‘
12-11-79 994 6.66. 2.75 5500 15200  3.76 88 ;
15-11-79 964 6.23  2.96 4830 14300 3.23 -
19~11-79' .938 5.84 2.55 4690 12700 . 3.15 116
26-11-79 801 6.37  3.00 3515 10540 3.09 96 -
3-12-79 798 4,72 2.70 35557 79600 3.15 134
10-12-79 809 5.54  2.60 4125 10700  3.16 120
17-12-79 791 5,12 2.44 3810 9280  3.21 102
24-12-79 805 8.04 2.17 4020 8710  3.14 124

31-12-79° 789 5.94  2.37 3170 7510  3.24 64
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Table-5.1 contd.

Date Width{ Depth| Average| Cross- . Discharge|Slope| Sediment|Bed mater-
S velocity Sec. . concentrjial size
(ft) (ft) 3 in :
(ft/sec) | Area (ft” /sec) -5 | tion (mm)
| ge2 10 (ppm)
] 2 3 4 5 6 7 8 9
7-1-80 819 5.77 2.57 2705 6970 3.27 - 162
14~1-80 786 5.64 2.10 2672 5619 3.23 166
21-1~80 730 5.68 . 2.00 2375 4760 3.12 9%
27-1-80 664 5.09 1.97 1950 3840 3,12 218
1-2-80 601 4.99  2.01 1930 3880 3.15 238
6~4-80 408 4,00 1,86 1310 2430 - 3.01 20
13-4-80 410 4.27 © 1.84° . 1380 2530 3.03 14
20-4-80 403 4.56 1.84 1480 2710 2.97 20
0 m
27-4-80 434 4.72 1.95 1460 2850 3.04 18 I Q2w
o o o
4~5-80 819 6.50 2.17 3140 6810 3.46 46 P
D w uy
11~-5-80 856 6.76 2.18 3620 7910 3.24 122 R
18-5-80 873 7.02 2.44 3680 8970 3.22 104
25~5-80 913 7.55 2.42 4310 10400 3.35 126
2-6-80 963 '8.76 2.16 4640 10000 3.32 120
9-6-80 1008 9.97  2.13 5380 11500 3.32 148
16-6-80 1120 11.19  3.09 8460 26100 ' 4.30 172
30-6-80 1214  12.40 2.81 14200 40100 4.35 30
7-7-80 1380 - 15.75 3.20 17600 56300 4.78 126
14~7-80 1412  21.52 4.16 26700 111000 4.90 146
22-7-80 1518  24.31  5.60 33400 187000 5.47 476 .
28-7-80 1524  26.40 4.70 36500 171800 5.58 550

4~8-30 1488 29.96 4.00 41900 167700 5.53 330




Table—5,1 contd.
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Date Width | Depth| Average; Cross- Discharge| Slope|Sediment |Bed mater-
(ft) (£t) Y?Eiiﬁ? iigé (ft3/sec) in_s Eigﬁentr i?ém?ize
ft2 10 7 | (ppm)
1 2 3 4 5. 6 7 8 9
19-8-80 1625  30.94 5.46 43000 235000 . 6.28 -
1-9-80 1608  31.92 4,95 39600 196200 5.87 408
8-9-80 1625  29.33 5.41 48600 . 262800  6.28 -
22-9-80 1458  26.74. 371 33900 126000 5.15 282
29~9-80 1430, 25.43 3.63 33300 120800 5.18 108
.~ 6-10-80 1407  22.28 3.15 27000 85000 - 4.74 130
13-10-80 1406  18.63 2.58 , 21500 - 55500 - 4.35 134
28-10-80 1339 11.71 2:60 13200 34300 4.13 114
4-11-80 1245  11.35 2.45 11900 29100 4.05 114 =T 3 0
10-11-80  il4d  9.12 2.49 8960 22300 I AR S
17-11-80 1099  10.43 2.36 8740 20700 3.49 - R
25-11-80 893 9.09 2.24 7150 16000 3.44 -
1~12-80 895  7.8L 2.21 5880 13000 3.33 28
8-12-80 902  6.17 2.21 4860 10700 3.24 56
15-12-80 876  5.61 2.20 4310 9470 3.18 54
22-12-80 879 4.63 2.04 3350 6830 3.03 38
29-12-80 826 5.54 2.11 2780 5860 3.10 46
4-1-81 839 5.12 1.94 2090 4050 3.01 70
14-1-81 591 4.43 2.02 1410 2850 12,90 50
18-1-81 410 4,82 1.85 1220 2260 2.85 24
25-1-81 300 4.39 1.85 1010 1860 2.85 18
3-2-81 343 4.00 1.68 1000 1690 ©2.91 -
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Date'

Width| Depth| Average Cross- 'Discharge Slope | Sediment |Bed mater-
(ft) (f£t) velocity Sec. (ft3/sec) in cqncentr ial =size
Area -5 tion (mm)
(ft/sec) 2 10 (ppm)
(ft ) PP
1 2 3 ' 5, 6 7 8 9

8-2-81 303 4,37 1.73 10606 1840 3.05 -
15-2-81 289 3.67 . 1.56 837 1310 2.86 -
22-2-81 256 3.08 1.49 670 1000 2.81 -
1-3-81 233 2.30 1.00 500 500 2.72 -
8-3-81 223 2.00 0.97 400 . 385 2,57 -

. 0 ™m o~

15-3-81 223 1.80 0.82 375 306 2.64 - A

' o o o

22-3-81 217 1.71 0.78 363 281 2.68 - T

7-4-81 210 1.48 0.73 304 222 2.22 - a2 a9

_ | o Aa o
12-4-81 203 1.31 0.58 273 157 2.47 -
21-4-81 278 3.28 1.51 784 1189 2.39 -
26-4~81 305 4,10 1.88 750 1409 2.77 -




Table-5.1contd. It
Date width| Max.™ Average | X-Sec, |Discha-} Slope | Sedime ~-{Bed mater-
{m) depth |velocity at area| rge in nt conc.{ial size
(m) (m/see) | 12y |nd/sec.{107° | (ppm) (mm)
1 2 3 4. 5 6 7 8 : 9
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Date Width | Max.™ Average| X-Sec.| Pischar| Slope | Sedime |Bed mater-
(m) depth |velocity | at area| ge in -5 nt conclial size
: (m) (m/sec) (m2) m”/sec 10 (Ppm) {rm)
1 2 3 4 5 6 7. 8 9
10-11-81 287  2.33  0.650 670 435 3.62 -
17-11-81 282 2.16 0.730 550 401 3.55 284
30-11-81 259 1.66 0.930 292 272 3.30 194
4-4-83 38 0.65 0.3241  13.67  4.43 3.43 -
11-4-83 33 0.68  0.3461 12.40  4.29 3.49 -
18-4-83 34 0.68  0.3482.  14.49 = 5.05 .48 -
25-4-83 59 0.90 ' 0.3352  28.34  9.50 3.87 -
2-5-83 82 1.10 0.4872 34.24  18.63 3.35 -
. w ™M -
9-5-83 108 1.60 0.4167 77.30  32.21 3.77 - 333
16-5-83 152 1.80 0.5516  143.69  79.26 3.95 - i’ T T
23-5-83 202,54 1.70 0.5742  163.31  93.78 3.99 - 'g 0 0
30-5-83 265.00 1.89 0.6490  243.30 157.89 4.08 - : }Q -
6-6-83 206.52 1.70 0.6672  204.60 136.50 3.77 -
13-6-83 304.96 2.08  0.7633  250.83 191.46 3.98 -
20-6-83 248.66 1.81'  0.6225  236.31. 147.10 3,71 -
27-6-83 399.54 2.65  0.7206  542.72  391.11  3.91 =
4-7-83  414.03 2.64 0.9167  689.11 631.60 4.07 -
11-7-83 425.36 5.49 1.3620 1891.05 2515.52 5.14 -
18-7-83 421.83 5.18 1.2367 1688.73 2088.38 4.01 -
25-7-83 426.82 7.01 0.9841  2150.19 2116.00 4.77 -
1-8-83 441.34 9.27 1.3281  2580.15 3428.15 '5.24 -
8~8-83 442.09 9.47 1.4090  2957.00 ~ 4166.27 5.49 -
17-8-83 438.03 10.66 0.8461  2983.24 2524.15 5.05 -

W
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Date Wiéth depth Avera.ge X-—séc. Discharge slope Sedi- l?ed mz.i-ter-‘
WL TR 5 | rsee) | Mps|ment |ial size
. | (ppm)
1 -2 3 4 5 6 7 8 9
24-8-83  439.65 10.45 1.0847 3216.65  3489.19 ° 5.1l -
31-8~83 451.83 ' 11.77 1.4410  3634.85  5242.10 5.65 -
7-9-83 442.23 11.35 1.2809  3500.12 4401.71  5.53 -
14-9-83  478.50 13.22 1.6311  3124.29 6495.82 6.21 -
21-9~83  506.46 12.25 1.9324 3864.62 7468.05 6.76 -
29-9-83  458.57 13.01  1.3830 - 3552.26 4912.86 6.01 -
5-10-83  430.92 12.80 1.2141  3349.34 4066.30 5.67 -
12-10-83 441.48 - 11.34 . 0.9997 3143.64 3142.77 4.84 -
19-10-83 403.53 11.80 ‘?.0127 2718.54 2753.12 5.16 -
26~10-83 427.98 10.22  0.9423 2335.58  2200.53 4.62 - @ oo
2-11-83  428.88 9.96 07397 1944.04  1438.02  4.64 - o oo
9-11~83  330.81 7.34 0.7218 1448;00 1045.23 4.38 - et
16-11~-83 303.62 5.97 0.9048 957.35 866.18 4.07 - Aﬁ ;%;g
23-11-83 303.70 5.09  1.0454 645.70 ' 675.03 '3.90 -
30-11-83 308.95 4.28°  0.9369  528.44 495.10  3.76 -
7-12-83  330.64 2.60 1.1304 421.94 47§,37 ~ 3.63 - '
14-12-83 345.40 2.66 1.0063 466.81 469.75 3.65 -
21-12-83 310.38 3.13 0.8146  324.23 . 264.13 3.53 -
29-12-83 317.44 2,15  0.7670 291.10 223.28 3.52 -
4-1-84  293.23 2.17 0.7990  301.86  241.18 3.49 - |
11-1-84  302.32 2.06 0.7298  284.15 207.37 3.59 -
18-1-84  245.03 2.13 0.7231  231.29 167.25 3.68 -
25-1-84 185,23 2,72 0.6777 242.62 164.13 3.77 -




Table-5.1contd.
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Date width | Depth| Average | X-sec.|Discharge | Slope| Sedim-|Bed mater-
' (m) () |velocity | area 3 in ent ial size
;2 (m™/sec) -5 conc
{m/sec) _(m ) - 10 (ppmi {mm)
1 2 -3 4 5 6 7 8 9
1-2-84  234.56 2.56 0.5949  271.83 - 161.71 3.79 -
8-2~84 183.13 3.00 0.6204 256,34 - 159.09 . 3.74 -
15-2-84 145.57 2.40 0.6249 203.14 126.95 3.80 -
22-2-84 159.06 2.90 0.4949  233.24  115.43 . 3.75 -
29-2-84 158.10 2.80 0.4768 210.91 100.56 3.75 -
- , | 23 3
7-3-84 153.55 2.69 0.6210 138.35 85.92 3.69 - Qo o
. . ) o o o
14-3~-84" 153.23 2.65 . 0.3755 - 187.80 70.51 3.63 - e
o : _ Q w0
21-3-84 151.33 2.35 0.4304 121.46 52.28 . 3.51 - A QA
28-3-84 151.61 2.00 0.4675 105.61 49,37 " 3.58 -




Descripancy Ratio

Table: 5.2

(D.R)

of different formulae
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Sl. Formula Percentage -of data coverage between descripancy ratio of Mean of | Standard
No. 1/8 to 1/4 |1/4 to 1/2 |1/2 to 1 {10 2 |2t 4 |4 t0 8 D.R. g;vgag%on
1 2 3 4 5 6 7 8 9
==-=- : e r—— e——
1 STRATHCLYDE 0 0 10.75 .| 49.46] 27.95 4.30 2.77 2.99
(1984) .
2 ENGELUND—HANSEN 4,30 21.50 23.65 32.,26| 16.13| 2.15 1.26 0.92
: {1967) '
3 YALNG 0 19.35 22.58 9.67 1.07 0 0.66 0.45
{1976) ' .
4 MANTZ 0 6.45 38,70 38,70 10.75 5.37 1.42 1.07
{1983) ' '
5 | ACKIRS-WHITE '2.15 0 1.07 1.07 3.220 2.15 2.44 -
(1973)
Descripancy Ratio (D.R) Calculated total sediment transport rate in ppm

Observed suspended sediment transport rate in ppm

L2
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TABLE - 5.3
Evalution of Total Leoad

River: Gorai-Modhumoti . Station: Gorai Rly. Bridge
Date Dischargel Observed Predicted total sediment discharge in Tons/day
(ets) sgdiment Mantz |Strathcly- Engelund- Han— Yahg For- | Ackers-White
?igﬁgirge formu- Qe formui-~ {sen formula Smuila formula
day) la la
1 2 3 4 5 6 7 8
28-6-76 27,400 14,943 12,105 21,117 10,626 5716 32,212
5-7-76 65,200 33,353 39,208 62,093 45,449 23,364 18,73,077
13-7-76 69,000 16,439 36,920 56,566 44,542 20,154 29,39,035
19-7-76 91,300 15,782 59,609 95,689 74,848 37,648 83,05,595
26-7-76 89,931 25,741 5;i976 85,866 67,545 30,682 80,40,432
2-8-76 90,700 . 38,;62 49,644 78,586 64,338 27,160 84,46,381
9-8-76  1,21,700 91,068 78,262 1,20,082  1,12,316 48,391 -
16-8-76  1,53,000 1,12,600 1,20,547 1,62,608  1,81,009 84,496 -

" 13-9-76  1,31,900 36,260 85,793 1,11,369  1,35,327 52,771 -
2-4-79 6,660 1,800, . 1,128 g 2,125 637 - -
17-4-79 7,350 1,oooi 1,244 2,453 739 - -
23-4~79 7,890 2,010 1,471 2,672 890 - -
2-5-79 8,060 2,0605 1,404 2,473 830 - ~
7-5-79 8,090 2,300 1,469 2,859 893 - J 39
14~5-79 . 8,560 1,470 1,512 2,479 903 - 21
25-6-79 11,200 5,900 1,924 2,639 1,347 329 220
2-7-79 20;200 4,300 5,007 8,974 4,313 1,437 8,675

" '9-7-79 56,400 28,100 24,087 37,377 ° 27,686 11,074 11,63,235

16~7-79 l 53,400 21,000 20,708 30,801 24,379 8,913 11,54,536
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'1‘ab1e-5.3' Contd.

Date Discharge| Cbserved Predicted total sediment discharge in Tons/day

' (cfs) gigiﬂﬁige Mantz | Strathcly- | Engelund- Han-|Yang For-|Ackers-ihi-
(tons/ formula | de formula | sen Formula mila te Formula
day)

1 2 3 4 5. 6 7 8
23=-7-79 1,02,000. 51,700 62,839 88,877 87,125 37,553 -
30-7-79 1;41,000 l,OG,ldO 98,633 1,33,934 1,53,314 63,679 -
6-8-79 1,43,000 - 76,300 65,284 . | 1,05,298 91,258 31,589 -
20-8-79 1,33,000 1,30,800 48,966 83,570 63,656 18,933 -
27-8-79 1,46,060 1,554,800 75,736 97,0608 1,277,314 — 46,228 -
3-9-79 ‘ 1,05,000 68,300 49,482 66,234 74,996 - 24,483 -
10-9-79 1,07,000 30,600 . 52,526 71,961 78,526 26,788 -
17-9-79 85,200 18,800 34,714 48,516 49,143 15,475 -
24-9-79 84;600 17,560 23,672 33,847 28,240 9,552 13,09,850
2-10-79 44,500 12,900 12,997 18,896 14,963 4,587 4,96,725

1 2 +8-10-79 54,100 139,100 17,660 24,565 21,245 - 6,639 8,20,472
15-10-79 50,900 16,600 15,481 21,613 18,739 5,747 8,35,014
22-10-79 35,600 11,800 8;650 14,592 9,349 ' 2,621 1,82,765
29-10~79 27,200 8,500 6,075 11,616 6,008 "~ 1,669 50,535
5-11-79 19,100 6,100 6,000 10,501 3,328 1,734 1,125
12-11-79 15,200 3,590 4,999 9,476 2,350 - 74
19-11-79 12,700 3,880 | 3,584 7,730 1,620 - - .
26—-11~-79 10,540 2,300 3,621 7,657 1,526 - -
3-12-79 9,600 3,450 3,015 7,092 1,295 - -
10-12-79 10,700 3,660 3,309 7,432 1,549 - -
17-12-79 9,280 3,040 2,710 6,127 1,230 - -

24-12-79 8,710~ 2,520 2,223 3,998 1,004 - -
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Table =5.3 Contd.

Date Discharge | Chserved Predicted total sediment discharge in Tons/day
{cfs) sjgigiggé “Mantz |Strathely- | Engelund Han- Yang Ackers—white
(tons/day) formula Jde formula { sen formula | formula | formula
1 2 3 4 5 | 6 B 7 8
31-12-79 7,510 1,320 2,101 4,110 884 - -
7-1-80 6,970 2,430 2,070 3,815 821 - -
14-1-80 . 5,619 1,590 1,351 2,496 538 - -
21-1-80 6,760 1,133 1,476 2,854 564 - -
27-1-80 3,840 1,890 810 1,687 : 301 - -
1-2-80 3,880 1,750 857 1,981 | 333 - -
6~4-80 2,430 492 578 1,354 179 - -
13-4-80 2,530 , 48 583 1,372 192 - -
20-4-80 2,710 97 366 1,496 213 - -
27-4-80 2,850 101 413 1,539 231 - -
4-5-80 6,810 680 1,304 2,724 802 - -
11-5-80 7,910 2,381 1,436 3,087 873 - - 39
18-5-80 8,970 1,870 1,805 .° 3,875 1,100 - 44
25-5-80 10,400 2,636 2,220 4,518 - 1,429 255 102
2-6-80 10,000 2,850 1,890 3,412 1,227 196 98
9-6-80 11,500 3,186 2,145 3,726 1,468 339 197
16-6-80 26,100 11,160 9,801 16,015 8,456 4,036 22,614
30-6-80 40,100 2,789 14,075 24,704 14,763 5,511  2,62,402
7-7-80 56,300 17,500 25,150 36,482 28,605 11,884 10,57,140
14-7-80  1,11,000 38,600 68,112 1,03,258 92,905 40,867 -
22-7-80  1,87,000 2,36,800 1,75,793 2,57,035 2,68,051  1,38,615 -

28-7-80 1,71,800 2,46,300 1,37,890 1,89,335 2,21,805 97,830

f..‘
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Date Discharge | Cbserved Predicted total sediment discharge (Tons/day)
(cEs) gi‘gimhaﬁge Mantz Stratholy- | Engelund | Yang Ackers—Whits
(Ton/day) formula de formula ?g?éﬁ?é forrmla | formula
1 2 3 4 5 6 7 8
4-8-80 1,67,700 1,47,100 1,13,607 1,54,769 1,97,165 71,210 -
1-9-80 l,96,206 2,03,100 1,75,292 2,10,447 2,91;833 1,33,395 -
22-9-80 1,26,800 . 95,400 72,677 1,00,511 1,11,954 41,441 -
29-9-80 1,20,800  36,220 68,788 97,549 1,06,741 38,545 -
6-10-80 85,000 30,400 37,762 54,453 51,532 17,942 -
13-10-80 55,500 _é0f200 18,118 26,155 | 21,660 6,811 10,68,268
28-10-80 . 34,300 | -'9,650 10,439 16,585 10,018 3,704 . 67,435
4-11-80 29,100 8,300 8,214 15,642 7,714 4,500 18,642
10-11-80 22,300 4,080_ 8,155 12,425 4,707 2,791 2,572
1-12-80 13,000 910 3,701 6,860 1,914 606- 151
8-12-80 10,700 1,122 2,889 5,594 1,392 - 26
15-12-80 9,470 - 1,256 2,464 4,974 | 1,115 - -
22-12-80 6,830 626 1,508 3,051 603 - -
29~12-80 5,840 667 735 2,488 532 - -
4-1-81 4,050 f 706 775 1,355\ 278 = -
14-1-81 2,850 35§ 538 1,294 181 - -
18-1-81 2,260 133 399 1,237 149 - -
25-1-81 1,860 70 337 1,365 127 - -
13-7-81 1,00,662 95,470 63,998 ;3,650 84;013 39,041 -
20-7-81 1,25,664 75,500 94,692 1,40,34i 1,32,321 65,081 -
28-7-81 1,77,760 1,17,800 1,57,072 2,29,500 2,40,407 1,19,545 -
5-8-81 2,18,592 1,15,300 2,92,411 3,44,990 1,60,95% -

2,04,955
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Date Discharge | Observed Predicted total sediment discharge (Tons/day)
. (cts) Smnt Mantz |Strathcly- |Engelund Han-  Yang Ackers-White
discharge ,
formula |de formula {sen formula formila | formila
Tons/day : )

1 2 3 4 5 6 7 8
11-8-81 1,82,688 97,660 1,56,045 2,19,271 2,47,521 1,15,689 -
17-8-81 1,76,704 1,01,450 1,40,525 2,07,318 2,19,462 99,755 -
24-8-81 1,43,968  1,06,680 96,469 1,35,693 1,48,768 60,779 -
31-8-81 2,34,080 1,54,990 2,25,798 3,09,107 3,94,140 1,783,684 -
4-10-81 99,264 44,180 47,025 62,131 71,634 . 23,390 -
17-11-81 14,152 9,900 . 4,689 8,580 2,466 1,112 312
30-11-81 9,574 3,554 «~ 3,501 6,862 1,433 - -
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Comparation of observed and calculated sediment concentration

River: Gorai-Modhumoti

Station: Gorai Railway Bridge

Observed sedi|Total sedime.| Total sediment|Total sediment|Total sedi|Total sedi
Dat ment ceoneen— [cone. by -gonc. by-" .. .|.-calgulate by |ment cal- | ment calcu-
ace tration STRATHCLYDE | ENGELUND -HANSHEN|YANG'S FORMULA|culated by| lated by
(pom) FORMULA . FORMULA ~ : - - FORMULA MANTZ 'S ACKERS-WHITE
(pPPm) (ppm) (pm) FORMULA FORMULA
{ppm) {pPm)

1 2 3 4 5 6 7
28-6-76 198 314 158 85 180 479
5-7-76 152 388 284 146 245 13759
13-7-76 138 334 263 119 218 17354
19-7-76 70 - 427 334 168 " 266 37063
26=7-76 94 389 306 139 240 36426
2-8-76 134 353 289 122 223 37941
9-8-76 280 402 376 162 262 -
16-8-76 312 433 482 225 321 —
13-9-76 108 344 418 163 265 -
2-4-79 104 130 39 * 69 _—
9-4-79 106 128 39 * 70 _
17-4-79 56 136 41 * 69 -
23-4-79 104 138 46 * 76 -
2-5=79 148 125 42 * 71 -
7-5-79 92 144 45 * 74 02
14-5-79 70 118 43 * 72 01
25-6-79 182 96 49 12 70 08
2-7-79 98 181 87 29 101 175
9-7~79 198 270 200 80 174 8403
16-7-79 144 235 186 68 158 8809
23~7-79 210 355 348 150 251 79261




Table 5.4 contd.
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Observed sedi-| Total sedime| Total sedime| Total sedime |Total sedime| Total sedime
Date | ment concen- nt conc. by nt conc. by nt calculat-|nt calcula— calculated b
tration STRATHCLYDE | ENGLU,—HAN | ed by YANG's|ted by MANTZ| ACKERS-WHITE
(ppm) FORMULA SEN FORMULA | FORMULA FORMULA FORMULA,
{ppm) (ppm) (ppm) (ppRm) {ppm)
1 2 3 4 5 6 7
30-7-79 312 387 443 184 285 —
6~8-79 - 192 300 260 90 186 82816
20-8=79 398 256 195 58 150 31947
27-8-79 396 . 299 390 129 232 *
3~9-79 246 257 291 95 192 -
10~9-79 120 274 299 102 200 —
17-9-79 84 232 235 74 166 52452
24-9-79 146 163 136 46 114 6308
2-10-79 94 173 137 42 119 4548
8-10-79 120 185 160 50 133 8396
15-10-79 120 173 150 46 124 6684
22-10-79 120 167 107 30 99 2092
29-10-79 106 174 90 25 91 757
5-11-79 - 114 224 71 37 128 24
12-11-79. 88 254 63 * 134 02
19-11-79 116 248 52 * 115 -
26-11-~79 96 296 59 * 140 -
3-12-79 134 301 55 * 128 -
10-12-79 120 283 59 * 126 -
17-12-79 102 269 54 * 119 -
24-12-79 124 187 47 * 104 -
31-12-79 64 223 48 * 114 -
7-1-80 162 223 48 * 121 -
14-1-80 166 181 39 * 98 -
21-1-80 96 172 34 * 89 -
27-1-80 218 179 32 * 86 -
1-2-80 238 208 35 * 90 -

6-4-30

20

227

30

97
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Observed sedi-| Total sedime| Total sedime- Total sedime~|Total sedirre—.fTOtal sedi
Date ment‘concen- nt calcula- nt calcula- nt calcula nt calcula ;’ment calcu-

tration ted by ted. by ted by ted by ;1ated- by

{ppm) STRATHCLYDE | ENGELUND- YANG'S MANTZ FORMULA{ ACKERS=

FORMULA HANSEN FORM- | FORMULA — WHITE FOR
{ppm) 1A (ppm) {(ppm) iMUIA(PPm)
1 2 3 4 5 6 7

13-4-80 14 221 31 % 94 -
20-4-80 20 225 32 * 55 -
27-4-80 18 220 33 * 59 -
4-5-80 46 163 48 * 78 -
11-5-80 122 - 159 45 * 74 02
18-5-80 104 176 50 * 82 02
25-5-80 126 177 . 56 10 g7 04
2-6-80 120 139 50 08 77 04
9-6-80 148 132 52 12 76 07
16-6-80 172 250 132 " 63 153 353
30-6-80 30 251 156 . 56 143 2666
7-7-80 126 264 207 86 182 7650
14-7-80 146 379 341 150 250 -
22-7-80 476 560 584 302 383 -
28-7-80 550 449 526 232 327 -
4-8-80 330 376 479 173 276 -
1-9-80 408 437 606 277 364 —
22-9-80 282 325 362 134 235 —
29-9-80 108 329 360 130 232 —
6-10-80 130 261 247 86 181 43831
13-10-80 134 192 159 50 133 7842
28-10-80 114 197 119 44 124 801
4-11-80 114 219 108 63 115 261
10-11~80 - 72 227 86 51 149 47
1-12-80 28 215 60 19 116 06
8-12-80 56 213 53 * 110 ol
15-12-80 54 214 48 * 106 -
22-12-80 38 182 36 * 90 -
29-12-80 46 173 37 * 94 -
4-1-81 70 136 28 * 78 -
14-1-81 50 185 26 * 77 -




Table 5.4 contd.
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observed sedime- Total sedim| Total sedim-|Total sedim-|Total sedim-|Total sedime-
nt concentra- ent calcu- ent calcu— ent calcu- ent calcu- nt calculated

Date tion lated by lated bv lated by lated by by ANCKERS-

(P STRATHCLYDE| ENGELUND- | YANG'S MANTZ'S WHITE FORMULA 1

PP FORMULA  .|HANSEN - FORMUTA . |FORMULA (ppm) '

(ppm) (ppm) (Prm) . {ppm)
1 2 3 4 5 6 7
18-1-81 24 223 27 * 72 -
25-1-81 18 299 28 * 74 -
13-7-81 376 379 340 - 158 259 54131
20-7-81 230 455 7 429 211 307 -
r
28-7-81 272 526 551 274 360 - -
5-8-81 192 545 643 300 382 - :
11-8-81 230 489 T 552 258 | 348 - i
17-8-81 232 478 506 230 324 - §
!
24-8-81 306 384 421 172 273 - :
31-8-81 296 538 686 311 393 % i
4-10-81 164 255 294 96 193 ' -
17-11-81 284 247 71 32 135 09 5
30-11-81 194 292 61 * 149 -
|

(-) & * Indicates results did not found in 'the formula




, TABLE 6.1
SEDIMENT FLOW RATES CALCULATED BY DIFFERENT FORMULAE.

RIVER: - Gorai

99

Station: Gorai Rly.Bridge Year:1980

Unit Observed sedi- Predicted sediment flow rates
?ig;sflow Mantz Strathclyde| Enge.-Han-| Yang |Ackers-
sen White
1 2 3 4 5 6 7!
Tons /day 36,261 30,629 42,895 47,279 19,310(4,68,852.
Miil.Tons/t- 13.27 11.21 15.70 17.30 7.06 {171.67
Yr.

'
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