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ABSTRACT

This study is concerned with the Treview of sediment

transport studies of the river Jamuna.

Bangladesh Water Development Board has been collecting
sediment data on the river Jamuna at Chilmari, Nakfatarchar,

Nagarbari and Bahadurabad for several yvears. The collected dapa

consists of suspended sediment load and measurements are taken by

Binkley Sediment Samﬁlers.

The first  part of the study involves review of the vpast-
investigations undertaken on the data related to sediment
o transport studies of the Jamuna. The study also includes the

application of these data to two transport equations with a view

to determining the annual sediment transport through the Jamuna

using the data of 1982-1988.

Sediment related data were collected by the author from BWDB
. i ‘
covering the wperiocd from ”982 to 1988 at Bahadurabad Gauging
. I .
station, These data weré utilised to have a quantitative

evaluation of the transport rate of the Jamuna river.

The sediment transport -formulae selected in the present

analysis were based on a prior comparison by, Bari (1978), Hossain

and Barr (1988) and Alam and- Hossain (1988).
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The performance of these transport eguations against the

data collected has also. been discussed.

Rating curves were developed and power law relationships

‘havé been established between QT N QS , and Qw , and v .

Finally suggestions have been made to modify the existing -

data collection procedure'of Bangladesh Water Development Board.
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CHAPTER ONE

INTRODUCTION

1.1 Background to the study

.

knowledge of water and sediment discharge and sediment
characteristics in a stream is essential in the solution of
majority otf the problems associated with the folw 1n alluvial

channels.

The ﬁéchanism of sediment transport has been a subject of
study for decadés due to its imporatnce in river regulation as
well as design and operation of canal systems.
Researchers/engineers have been engaged in the studylof sediment
transport in rivers and estuaries for their control and training.
Alluvial streams carry not oniy water but also sediment and the
sediment transport rate ig closely linked with the stability of
the streams; Alluvial channels, therefore must be designed to
carry definite water and sediment discharges, in other words, the
rate of total load transport must be treated as a variabie

affecting the &esign of the channel.

Hydraulic engineers may often be bewildered by the large
number of‘relationships available in the literature regarding the
sediment discharge.’ The very number of such formulae is itself
an indication of the incomplete understanding of sediment

transport phenomencn. i




The estimated sediment}load from yarious equations ofken
differ drastically from each other for a given set of observed
data. " This is due to inclusion of so many variables like the
size of sediment,. the fall velocity, specific weight, cohesion,
porosity of~partiéles ete that influence the sediment transport.
Some of these interrelated and interdependent variable play a

dominating role..

It is therefore désirable to provide an assessment of  the
present state of art as it affects practical applications. Most”
of the sediment transport formulag have been derived, essentially
from 'laboratory experiments.' _Thds it is necessary to know
whether application of these formulae gives reasonable resﬁlt in
field situations. Wiﬁh such purpose in mind, there had been
éeveral comprehensive studies to evaluate the performance of
diverse formulae over a wide range of field and laboratory data.
Notable among these are studies by White et al. {1973), by the
Task Committee of the American Society of Civil Engineershtlng)}
Yang (1977), by Gole, Tarapore and Dixit (1873}, by Amin and

Murphy (1981}, by Hossain (1985) and by Hossain and Barr (1988) .

The- ASCE Task Committee have studied 13 formulae and found

that Colby (1964), Tofaletti (1969) and Engelund-Hansen (1967)

formulae gave consistently better result than others.

On the other hand, 19 transport formulae against about 1000
laboratory and 270 field measurements have been tested at.
Hydraulic Research Station, Wallingford, U.K. it was found that

out of 19 theories the Ackers-wnite’ {1973, Engelund-Hansen




(1967) total load and Rottner (1959} bed load formulae are thg

most reliable.

In this study a comprehenéive study of the efficacy of

two sediment transport eguations is provided, It also makes an

attempt to analyse the data collected by- Bangladesh Water

Development Board for wvarious stations namely, Chilmari,
Sirajgan}, Bahadurabad and Nagarbari of the river Jamuna. The
applicability of two recent transport formulae are tested. - The

selected formulae are those developéd by Hossain (1985, 1987} and
Yang (1973}, Efforts have also been made  to -compute the

transport rate at various times of the vear.

1.2 TImportance of the study

Most of the river courses in ﬁéngladesh being alluvial in

nature, erosion, deposition and'éhanges in channel profile have

' been a big problem since time immemorial.For planning and design

- _ of wafer development projects it is often reguired +to éstimate
tﬁe possible futﬁrelchanges in river geometry. Sediment plays a
dominant role in changing the morpholpgy of a river. According to
Bogardi (1978) in terms of sediment load, Jamuna is the third
'amongst the rivers of the world. The large discharge and heav?

sediment load cause the river to be extremely unstable and +the

channels are constantly migrating laterally.

Without studying the sediment aspect of the river,
successful planning and design of flood control, navigation,

channel reétification, etc is not possible. Remlising this fact
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the Directorate of River Morphology, Research and Training of the

BWDB has been collecting sediment data since 1965. The data are

collected for selected rivefs at a number of stations and the-

sediment concentration in. the form of parts per million is being

published, by the Hydraulié Research Laboratory of BWDB in the

past. Later, the Hydraulic Research Laboratory has been renamed
as River Research Institute, E(RRI). The measured data are mostly
to the suspended sediment; an& bed-load, though important, is not

measured by the Hydrology Directorate of BWDB for two reasons;

first;

a really reliable method of measurement has not vyet been

devised and secondly, the problems involved in large rivprs as

those of Bangladesh are probably unsurmountable.

Furthermore 1informations related to sediment transport

formuls
based c

USA,

data of the Jamuna.

Le available in literature. have been derived oprimarily
yn laboratory, flume and natural channel data collecetd 1n

UK, Canada and other. countries besides Bangladesh.”

Evaluation of any of the formulae have rarely been done using the

The present study utilising t%e-field'data of few selected

stations of the river Jamuna, as mentioned above may help in

understanding of the limitations of the formulae on a more

wider horizon.




i)

11)

"i

Objectives of the study
The objective of the present study are as follows:
Critical review of data collection, processing, and

publication procedure.

Comparison of sediment load estimated by Yang and Hossain

formulae.




J CHAPTER TWO

SEDIMENT PROPERTIES

2.1 Introduction

This chapter . deals with the basic terms, definitions,
prppérties, source and characteristics of sediment as relevant
to the present study.

2.2 Terminology

Sédiment: Fragmental ﬁaterial that originates ~from
weathe}ing of rocks and ié transported by, suspended in, or
&eposited by water. |

Fine Sediment: Ihosg sediments, mainly comprising silts and

; ‘ - : ' -
clays or a graih'sizelsmaller%than about 0.05mm in diameter.

Coarse Sediment: Thoseisediments, mainly sand,of a grain
size greater than about 0.05 mm in diameter. |
Bed load: That material forming. the bed of a river which is
*in motion but not iifted into suspensién.

Suspended‘ Bed load: That portion of the bed material which
is lifted into suspension and which plays dominant rolé in river
ﬁattérn and c¢hannel formation.This is mostly of a‘ grain size
greater than 0.05 mm in diameter. .

Wash load: The finer sediments, mainly silts and clays which

are carried in suspension. They are mainly carried out to sea or

deposited on the seaward edge of the delta.




Tétal suspended 1load: Composed of wash load plus the
suspended bed load. |

Total sedimen? load: It is the sum of the total suspended
load and the bedlload.

Sediment Concentfation: fhe quantity of sediment relative to
the quantity’ of transﬁorting or suspending fluid, or fluid-
sediment mixfurg. The quantity may be expressed by weight or by
volume.

Unsampled zone and Sampled zone: The sﬁspended load samples
give +the mean measured seaiment concentration C's at eéch-ér at
least several, of the vertical 1in which mean velocity 1is
measured. The concentration C's includes all grain sizes, wasb

load as well as bed material load and is defined by

d /4 .
: C'%// udy =i/ cudy ‘
al' I

"in which a'is-tHe distancg from the stream bed to the samplg;
inlet +tube when the sample is in its lowest position 1in Fhe
vertical; d is the stpeém depth at the vertical:; wu is the watgr
velocity at .a distanée v ab%ve the bed; and ¢ is the sediment
concentration at this éame poﬂnt. 1he-région of the cross sectjop
below a' forms what is calléd the unsampled zone of the cross

section and the part of the cross section above a' is called the

sampled zone. |

[

Measured suspended sediment load: That part of the suspended
' sediment which is measured with suspended load samplers' or the
portion of the suspended sediment load which passes through the

sampled part of the stream section.




Unmeasured sediment load; The suspended sedimqpt
measurements do not sample the sediment load in the unsampled
zone, which may include the bed load and part of -the suspended

load. This is known as unmeasured sediment load.

2 4 3
Density: The density’ fs ( in lb- sec /ft slugs / ft ,
2 4 2t 4
or kg-sec /m , ‘tons -sec /m ) of a solid is the mass which it

possesses per unit volume. The density of water is denoted
by /O'; The dimensionless expression (/Os —/9) //O involving

both the density of water and sediment is used frequently in

sediment transport formulas. It is sometimes called the .relative
. density.
. 7 3
Specific weight: The specific weight }(s { in 1b/ft or
3 3 . - - :
kg/m or tons/m ) is the weight per unit volume. The specific

weight of a_submeréed, éolid particle is = ‘{'s = \Ys -Y
Where, \( is the‘specific weight of watéf.

Specific gfavity ! The specific gravity S is the ratio of
the Sp- wt. of a solid or a fluid to the Sp. wWt, of thé watqr’af
4°C or 39%2 F. | |

_Fall velocity: The fall velocity is the . avérage terminal
settlingtlvelocity of a'farticle_fglling alone in quiescent,
distilled water of infinite extent,

ﬁominal Diametér: The nomlnal diameter is the diameter of a
sphere haviné the same volum% as the particle.

Sieve Diameteri The ‘Jleve diameter is the dlameter of :a
spheré equal to the length of the side of a square sieve opening
throqgh which measured quantities (by th of the sample will Jjust

prass., As an approximation, +the sieve diameter is equal to the

nominal diameter.




’

Fall Diameter or Standard fall Diameter: The fall diameter
is the .diameter of a sphere that has a specific gfavity of 2.65
and has the same terminal uniform settling veldcity as the
particle when each is allowed to settle alone - in ‘quiescent}

- g ) » - - °
distilled water of infinite extent at a temperature of 24 C.

2.3 Physical Pf0perties of Sediment

Sediments are broadly classified as cohesive and non-
cohesive. With cohesive sediment the resistance to erosion

depends on the strength of the cohesive . bond binding the

particles, Cohesion may far outweigh the influence of the
physical <characteristics of the individual particles. Hoﬁeve%,
once erosion has taken place, cohesive materiai may become hon-
cohesive with respect to transport. Also, sedimeht
characteristics may cﬁangé  through chemical or physiéél

regctions. On the other hand the non-cohesive sediments generally
consist of laréer descrete particles than the -coheseve soils.
Non-cohesive sediment particles react to fluid forces and their
movement .is affectéd by the physical prqperties of the particlgs

such as size, shape and density.

2.3.1 Size _
Cf the various sediment properties, size has the greatest
t . |
significance .to the hydrauliciengineer, not only because size ig

- | . :
important and the most readily measured property, but also

because other properties such as shape and specific gravity tend

to vary with particle size. Particle size may be defined by




i
|
volume, diameter, weight, fall velocity, seive size and-by

'intercépts through the particle.

The size of an individual particle 1is not a ©primary
importance in seive mechanics or sedimentation studies but the
size distribution of the sediment that forms the bed and banks of

a stream or resevoir are of great importance.

Size may be measured by calipers{ by optical methods, by
photoéraphic methods, by seiving or by sedimentation methodg. A
size classification recommended by the sub-committe on Sgdimént
Terminolog& 6f the lCommittee on Dyvnamic of streams of the
American Geophysical Union {Lane and others, 1947}, contains
consecutive size classes; boulders, cobbles, gravel, sand, silt

and clay as given in Table 2.1.

2.3.2 Shape _ '

Generally speaking, shape refers to the overall geometric
form of a particle- regardless of lsize or composition. Two
particles‘ have the same shape if the ratio éf their intercepts
and the angles between the intercepts aré the same for the both
particles. Particles of very 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
parameters is spheridity which was defined by Wadell (1932} as

the ratio of the surface area of a sphere of the same volume as

the particle to the actual surface area of the particle. . The
‘ i

t




primary role of sphericitﬁ is to help describe the relative
i

motion between the falling particle and the fluid.

2.3.3 Density-

The density of a solid is the mass thch 1t possesses per
unit vblume..Again the density of a sediment is a function of its
mineral composition. Water borne sediments are mainly quartz and
felspathic' minerals with specific gravity of 2.65. For thi§
reason. the specific gravity of water borne sediments 1is -often

assumed to be 2.65,

2.3.4 Size frequency distribution

The most commonly used method to determine size frequency
is mechanical or seive analysis. In general, the results are
presented as cumulative size fregquency curves. The fraction or

percentage by weight of a sediment that is smaller or larger than
a given size is plotted against particle size. From the size
frequency curve .it is possible to obtain representative grain
size of sediment mixture._Physical evidence does not conclusively
“fix the size thaf represeﬁfs a given.sediment mixture. The chgige
is’rather arbitrary. For usual practice D35, DSO' D65' DBS’ D9O'

are cémmonly uged. D35 indicates the size of sediment for which
35 pefcent of the sample is finer, D50 represents median diameter
of the sed;meﬁt mixture and indicates 50 percent sample ig fiper.‘
In Fhe same way DéS;' D85 ) D90 represents that 65 percent, 85
perpent and 90 percent sample is fiﬁer respectively. Dm, the mean

diameter is given by Dm = d&iDi £A100 where i represents any




portion of the percentages shown on the y axis of Fig 2.1 and D,
: i

represents the mean value of the sizes established by the extreme

I +

values of the interval 1. Adcording to Fig 2.1 D is computed

» |

as follows: s : !

. ( AlID1 + AZ2D2 + A3D3 + cera s tABDE )
D VR SR S S e e i R
m 100
and Dm represents the mean size of the sample. It should not be

assumed that the particle measure D represents the hydraulic
— m

properties of the sediment mixture.

2.4 Soﬁrces of Sediment

The. following are the principal sources of stream borne

sediment.
i) Sheet erosion by surface run off from precepitation -on
agricultural, forest and waste land-sheet erosion being defined

by so0il conservationists as the femoval of surface soil by
overland flow without the formation of channels of sufficient
depth to present culﬁivation or érossing by farm machinery. '
ii) Stream channel erosion, - iﬁéluding bank cutting and
degrgdation of formerly well defined channels.

iii} Mass movements of sdél land slides, slumps énd soil creep.
iv}) Gullying, or the cutting of channel in soil or
unconsolidéted‘geologic'formations by concentrated runoff. 5

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

flows sweeping across flood plains.




vi) Mining, industrial, and sewage wastes discharged into
streém. |
vii}) ZErosion due to cultufal developments, including roads, rail
roads, power lines and'industyial p;ojects.

Of these, the‘ first Two are by far the most important,
guantitatively, in Eall largé dfainageiareas, although in small

local areas other sources may' be of major importance.

2.5 Modes of Sediment Transport

Sedimenﬁ particles are transported by flow in one or a
cohbination of the following way:
1) Rolliﬁg or sliding oﬁ the be@, surface creep.
2) Jumping into the flow and then resting on the bed, saltation;
3) Supported by the surfounding fluid during its entire motiéﬁ;
i.e. 1in. suspension. |

There is no sharp line of demarcation between saltation and
suspension. However, this distinction is -important as it serves
"to delimit two methods of hydraulic transportation which follow
diffefent laws 1i.e. traction ‘'and suspension. Of_ course,
sediments may be transported partially"as saltation and then
suddenly be gaught by the flow turbulence and transported 1in

suspension.

2.6 Factors affecting Sediment Transportétion 1

s The 1large number of variables which affect the sediment
traﬁsportqtion are interdependent. Some of the variables change

with the flow conditions and alter their roles from dependent :to

13




independent variables. It is difficult, especially in field

. wr
studies, to differenciate between independent and dependent

variables. Variables which —are responsible in sediment
trasporation are as follows:
1) Geometric properties of stream channel, depth, width , form

and alignment.

2) Hydraulic propefties of stream channel, slope, roughness,

- =

hydraulic radius, discharge, velocity, turbulence, tractive

force, fluid properties and uniformity of discharge.

a"
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CHAPTER THREE

THE RIVER .JAMUNA - %TS BEHAVIOUR AND CHARACTERISTICS
|
3.1 Introduction +
Bangladesh is a great delta. The greatest part of Bangladesh
is floored with quarternary sediments deposited by the mighty

rivers like the Ganges, the Jamuna and the Meghna. These: rivers
|

carry huge guantity of sedim%nts both.in suspension and as bed
load .and the problem of giltétion and bank erosion in almést all
the rivers of Bangladesh is véry acute. These river svstem
occupied and abandoned numerous river courses, leaving behind a
large, lowlying, flood.plain of ﬁlluvium. The delta system of the

Ganges Brahmaputra is the largest in the world, comprising some

59,600 sq.km. (23,000 sq.miles) ( Habibullah, 1987}.

3.2 The Jamuna and its drainage basin

" The Jamuna river is-the name gi;en to the Brahmaputra river
in Bangladesh and is the country’s largest river.The Brahmaputfa
originates from the famous Manas-Sarowar in Chemayungdang glaciér
as Tsangpo which flows eastward for about 775 miles (1248 km)‘iﬁ
a constrictedlvalley fhrdugh Tibet. The river Tsangpo takes a
sharp Dbend south&afd;before_meeting Dihang,enters Assam from the
north and meets with the Dihang and Luhit some 30 miles (48 km)
north—east‘ of Dibrugarh. This combined flow assumes the name
Brahmaputra and continues to flow through Assam towards south-

east before entering Bangladesh from the north.

e
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In Bangladesh the ri%er flows south ana takes on the flows
of the Teesta Jjust scuth ofiChilmari and the Hurasagar in betweén
Porabari and .Nagarbari aﬁd ﬁhen Joins the mighty Ganges near
Goalando. Within Bangladesh important distributaries of the
Brahmaputra are the 0l1ld Bfahmaputra leaving the left bank south
of Bahadurabad and the Dhaléswari also leaving the left bank just
below 8Sirajganj. .The combihed tlow of the Brahmaputra and Gaﬁges,
with the name Padma flows towards south-east before meeting
another big river - the Meghné.at_Chandpur. From Chandpur the
combined flow, one of the largest in the world - only excéeded by
the Amazoﬁ and Congo, floﬁs southward with the name Meghna 'and

.falls into the Bay of Bengal. -

The course of the riveé Brah&apufra is shown in Fig 3.1.
.The total length of the Tsaggpo—Brahmaputra—Jamuna river upto
Goalundo 1is 1,600 mileé (2575 sq.km) (Latif, 1969). The total
drainage area down to Arichae is 2,24,000 sg.miles (5,80,455
sq.km) of which 1,13,000 éqimiles (2,92,819 saq.km) are in Tibet,
93ﬂ000 sq.miles (2,40,992. sq.km} in India and only 18,000
sq.miles (46,644 sq.km) in Bangladesh. (Rashid,lQT?). Althoﬁgh
the Brahmaputra has =a much;shaller tqial iength and drainage area
than other major rivers of the world, its discharge is éne of”

the highest, only exceeded by the Amazon, . Congo and Yangtze.

Averagg annual dischérge, based on the data of the period 1965-

: 3
1984 at Bahadurabad is approximately 6,35,000 cusecs (19,412 m
/sec) (Habibullah;1987). The maximum and the minimum discharge
recorded  at Bahadurabad in between 1965 and 1984 are
3 ‘

respectively 32,14,696 cusecs'(gl,lOO m /s) {(in 1974- 1975) and
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1,00,922 cusecs (2,860 m /s) (in 1970-1971). However, 1t 1is

estimated that the highest recorded discharge of the Jamuna at
Bahadﬁrabaa during the flqod.of 1988 was of the order of 100,000 '
Cubic meter per second. iThe average slope of the Brahmaputra
river in Bangladesh varies from 0.5 ft per mile (9.5 cm/km) neaf
Nunkhawa to 0.14 ft pér mile (2.65% cm/km} near Chandpur.
{Habibullah, 1957). Fig 3.1 shows the Jamuna and its drainage

basin.

3.3 Data,Obsefvation Stations

Bangladesh Water Development Board has been collecting

suspended sediment and bed material samples from the Jamuna since -
| ’ ’

» . l -, .
' 1965. The present study coqcentrates‘on the analysis of data

collected from Bahadurabad, Chilmari, Sirajganj (Nakfatarchar)
|

and Nagarbari Stations of the Jamuna;

The Bahadurabad measurement station 1is -located at a

distance of 328 ft upstream of Transit Line Gauge. The section is

marked with  permanent monument markers. The river as -already
mentioned drains the high rainfall of Assam Valley gnd
Bangladesh. The drainage area uptoe Bahadurabad is 5,36,077 sqg.hkm

out of which 259 sg.km lie in Bangladesh. , -~

The Sirajgan) Gauging Station is located at about 10 miles
down of Sirajganj town. Here, the river is branched into three

channels, namely, Dhaleswari chénnel at the east, Main channel at

the 'middfe‘ and West channel at the west. The sSites on the

channels are Ballab Bari, ° Nakfatarchar and Randhunibari

»
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low flow conditions. Considering the sinuousity of the channels,
it is probable that the water.level slope along the Jamuna River
decreases in the downstream direction, although the figures 1in

Table 3.2 suggest the opposite. (UNDP, 1986) .
b) Planform Characteristics

The 'Jamuna River is a braiding stream with chars and deeper
channels in between. The braiding character is most prominent in

the upstream reaches, as observed on a number . of satelite

i .

imageries taken during low flow conditions. The deepwater channel
. . i

changes frequently and the banks are susceptible to heavy erosion

and deposition, indicating a very unstable nature of the channel.

However the channel between the "Khadirs" is maintaining the

present course for quite a number of years.
c) Cross-section Characteristics

Characteristics of the cross-sections of the VJamuna were
anélysed from the BWDB soundings (UNDP,1986). Location of cross-«
sections at different stations from Ganges Jamuhé'confluence' to
India Bangladesh Border is shown iq Fig 3.2. Typical c¢ross-
seétions of the.selected stationé are shown on Fig 3.3‘ to 'Fig
3.5. The mean annual flood;fevel is also indicated, corresponding

3
to the average annual flood of 65000 m /sec for the Jamuna. Most

. {
Cross-sections can be characterised as a flat sand bed with -~an
elevation some metres below the annual flood level in which deep

channels are carved. “These deep channels are clearly composed of

several smaller ones. Typical bend profiles seem to be present 1n
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the river. The following characteristics were determined by

cross~section and year,

— total river width, defined as the width between the edges of
—— the deeper éhannels. |

—— the number of main channels.

—— the combined width of c¢hannels.

—— the total Twet afea of the main channels below the mean
—— annual flood level. |

—~ the maximum depth.

The average depths were éomputed from the total wetted area

‘ ! :
and the combined widths of th% main channels.

Mean values for the different parameters were derived by

averaging the data of the available vears.,

d) Bed Material

Data on bed material of the Jamuna river are availabie in a
number of RRI reports. All data have been arranged syvstematically
and brought into proper form. The bed material data are shown in,
Table 3.3 and Table 3.4 for the‘selécted four stations. A

preliminary review on the available reports results 1in the

following conclusions

—— there is only a small variation in grain size in one sample.
~——— the variations 1in average grain size of the bed material are

appreciable for various dates and depths.

20




To' arrive at a fair estimate of the bed material size and
its gradation, . the D35 and DGS “wvalues were analysed by stations

and by vear. Considériﬁgﬂthe-large variation in Dm aréishown‘ih
Fig 3.6 the standard deviationlcan be considered as an estimate
of the bed material. The average bed material siées ‘wére also
computed and are presented 1in Fig 3.7 together  With _ﬁhe

standard deviations and the approximate gradations. The following

results are obtained for the Jamuna river (UNDP,1986}.

Station o QSO Stahdard deyiation
(mm ) ‘ (mm)
Chilmari | 0.235 1.30
" Bahadurabad . 0.21$ | 1.30
Sirajganj 0.19% 1.30
Nagarbari 0.165 1.30 ' : o

In the bed samples of the Jamuna very fine sand {(down to 0.0120
mm} was found. This'wouid implf that thé distingtion between wash
load and bed material load would be slightly different from tHe
assumptions usually made during the-analysis of the sedihent-

transport:
e) Resistance to flow

Resistance to flow data of the Jamuna river has been
analysed by Nazim (1985) and indicate generally low flow ~wvalues.
There are indications‘that during floods, dunes are washed out

and possibly even flat bed conditiohs may occur.
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f) Sediment Transport

Measured monthly sediment transport rates in the Jamuna

river vary between less than one million tons/month during low-
flow season and more than two fifty million tons/month in the
floods season {UNDP,1986);Coﬁcentrations of over 4000 ppm have
been reported by the BWDB which has later been quoted by. UNDP,
The vdlue seeﬁs- to be highly suspioious and_ peedé further
investigation. The -average annual suspended sediment transport
(1957-1975) was found to be in the order of 600 million tons.

(UNDP, 1988), Goswami (1984) estimated the annual sediment
transport in- the Brahmaputra river to be about 400 million m ’ )
which cor;esponds well with the IECO (1980) figures- 600 million
ton, when it 1is assﬁmed that 1 m3' sediment (pores includea)

corresponds to about 1.6 tons.
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CHAPTER FOUR
DATA COLLECTION PROCESSING AND COMPILATION
4.1 Introduction

The basic—data have been collected from differgnt sections
of the Bangladesh Water De@elopment Board (BWDB). Susﬁendéd
sediment concentration aﬁd bed material size have been thained'
from the River Research Institute (RRI) BWDB, Dhaka, while the
water discharge and other aséociated flow measurement data have
been obtained from the Directorate of River Morphology, Research
and Training, BWDB, Dhaka. A considerable amount of time had to
be spent in the assimilation and compilation of the data
scattered in' different sectﬁbns“ of BWDB. Moreover, sedi&ent
caoncentration data were not éolleéted by BWDB on a regular basis
and wére often not in a usable form. All data have beén arranged
systematically _and:brought into proper form for the purpose of
analysis.  The information and data qollected do not appear tq be
complete but are sufficiently representative; Preference was
given to more recent infofﬁation that might be more appropria%e
for studying present conditions.

*

4,2 Equipment used for sampling of suspended load

‘For the measurement of suspended sediment load in streams,
it is essential that samples taken by any sampler, tfufy

represent the concentration of the stream at the reriod of
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measurement. In order to fu%fil this requirement} the velocity
within the outting circle of the intake of a sampler should bhe
equal to the streaﬁ velocity.‘ The intake should be pointed in to
the approaching flow and shodld protrude up stream from the zone
of disturbance caused by the presence'éf samples. Besides,  the
sampler contaliner should be lremovable and sulitable for
transportation to the labératories‘without loss or spoilage of
contents,

Considering the aboveifactors BWDB uses an instrument célled

i . "

‘*Binkley"” Sedimemt Sampier as shown in Fig 4.1 for collectibn

of sediment. i

4.2.1 Procedure of Measurement *

[

Special attention should be given to the following prior

to any'megsurement programme:
i

<

1) Sampling of suspended sediment should be carried out along the

verticals where velocity ﬁeasurements (or along at least three
. ‘; ‘ .

verticals) are taken.

A depth integrating samgle will give the meanh va;ue of t@e
sediment load along the vertical. If point integrating sampleys
are used, measﬁremenfs should be taken for at least three pointé.

i.e. 1 ft below the water surface, 1 ft above the inner bed and

at mid-depth.
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2) If only one sample is to'be taken aiong a vertical or in the
whole cross-section,  the position of sampling should be decided
by detailed measurements, whibh will correspond to the value of

‘sediment distribution.

3} Sediment load should be measured twice every week during low
flow and mean water and daily during floods. In tidal rivers
measurementé is to be taken three hours before the high tide.
Except, where the depth of the river is too high, the drifting

method of sampling is‘used.E

It 1is assumed that a liquid discharge measurement will have
Just been completed and is being followed immediately by the
sediment sampling operation. The current meter assembly will have

been dismantled, cleaned and towed away.

The width of the river section is divided into a number of

subsections by means of verticals so that the discharge between

| '

any two adjacent verticags-:does not exceed 10 percent and

preferably 5 percent of the total discharge. Samples are

‘collected at each vertical. efore commencing the sampling it is

convenient to work out the 0. and 0.8 depths at each vertical 80

POt

that _the operation may be concluded easily and in the minimum of

1

time.

The sample collected is transferred from the container to a
numbered plastic transport container. A measured quantity "of
distilled water (50cc) is used to rinse the sampler and added to

the sample as wash water. The quantity of wash water is recorded




’

in the data sheet for Ise in . determining the sediment

concentration. The suspendeg sediment concentration has been
E ,

"taken by BWDB at 0.2 and d%S depths of each sub-section and

average of +the +two is thei;ean concentration for each sub-

[
section. The average sedimentTconcentration for a section 1s then

calculated by summing_up all the concentrations.

4,2.2 Calculation of Discharg?, Sediment Concentration etc.

The vprocedures employed in the calculation of the water
discharge, mean velocity, water surface width, ete. and sediment

concentration from the measured data are as follows:

i) Water discharge, -, for each sub-section delineated by
adjacent verticals is obtaipgd as the product of the average of
velocities at the two verticals and the area of the Sub—sectio?,
‘determined from the measured water surface elevation and plotted
transverse bgd profile. The total flow discharge for the entire

section, @ is cbtained by summing the discharges for all the sub-

sections.

2} Water surface width (B). It is the sum of the widths of all

the sub-sections.

3) Cross sectional area (A)

E: From tﬂe measured depth at the
verticals, +the distance beéween Verficals and water surface
elevation, the tranverse bed profile is plotted, keeping the left
bank at the left edge‘of the paper. The top boundary of the cross

section 1is the horizontal line forming the water surface width

while the rest of it is the river bed profile. The cross
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sectional area is then calcullated by summing up the areas of all
the sub-sections.
4} Mean Velocity (V} : Mean jvelocity has been obtained dividingf

the water discharge by creoss slectional area.

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

équivalent rectangular channel section whose top . lateral
dimension equals the water surface width. Thus the water section

area divided by the water surface width gives the mean depth.

6) The sediment samples collected by the Directorate of Hydrol;gy
BWDB,Dhaka; are analysed in the River Research Ingtitute ,BWﬁB,
Dhaka.Either immediately following or along with the liquid
dischargé measurement, sediment samples were collected from
depths of 0.2 and ‘0.8 of the total depth of flow on every
alternate vértical‘ used for 1iquid measuremént. These samples
after removal from the Binkley sampler, were elutriated by means
6f an elutriator‘ Fig 4.2 and the sand.fréction stored in glass
tube in racks. The sediment samples are analysed to &etermine the
concentration ana thé results are expressed in parts per million
{PPM}) by weight after making necessary correction for the added
water. Precision balances weighing to an accuracy‘of'0.005'gram
are used £hrouéhout. After determining the concen£ration, all the
sedimeﬁt are washed individuglly with silt free water to remove
silt and clay. After washing?only traces of fine sand are fouqd
in some cases and most of the samples :are found to be composed
of silt and clay ogl&. So tﬁe suspended sediment samples * would
not be analysed for their size distribution except a few C&S?S.

by means of the wvisual accumulation tube (VA) method.
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4,3 Sampling of Bed Materiali

Althouth it has not beeﬁ possiblelto make a detailed study
of the bed materials ih the-fivers in Bangladesh it was declded
in 1966 to collect some samples in the vicinities of selected
gauging stations. Acco:dingl&, during 1967 at both the begining
and end of the year Surveysfwefe carried out to achieve this.
Because of the: difficultieé involved in transporting large.
number of Bed sémples from up country stations, and. the
"impossibility of analysing such samples for given size with
resources both human and mateqiél available, it was decided that
Ionly five or six samples shéuld be collected from each station
rather more at Bahadurabad Qhepe the large mumber of channels
during low flow period made it desirable to obtain at 1éast one
sample from each. The samples were to be more or less equally
spaced acroés the river with the stipulation that the first and
last should be near to but not necessérily at the water edg?.
These samples were taken with a Xolb bed sampler. This 1is
esSentially made up of-:fwo spring operated jaw which when
lowered +to the bed are cioséd by sending a messenger down the
suspension cable which releases the tension on the spring
‘allowing the jgws to snap shut and at the same time picking ub: a

¢

sample of bed material (UNDP, Report 1986}.

The samples were stored in plastic bags and transported to
Dhaka where they were analysed for grain size. Bed material
samples are analysed for size distribution bv means of seive and

hydrometer methods,.
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4.4. Data processing :

Four number of stations are selected for sediment
investigations. These stétions are 1) Bahadurabad 2} Chilmari
3) Sirajganj (Nakfatarchar) and 4) Nagarbari. Sediment samples

are collected at the time of discharge measurements at the above
stations.

Samples of watef with sediment in suspension are normally talken
by Binkley Sampler from a number of verticals at the gauging
section and fram several points on each vertical. The stages .- in

the treatment of the samplés are as follows:

1) Concentration of sand frac@ion.

2) Disposal of the silt and c}ay'fractions.
3) Determenation of the dry w?ight of tﬁe sand fraction. '
4) Determination of the concentration of the silt .and- clay

fractions.

4.4.1 Concentration of Sand Fraction
The elgtriatdr or sand concentrating device evolved and %n
use 1is shown in Fig. 4.3. The sample'collécted from a position is
quickly transferred to this Elutriator. The coarse fraction,
settles in water filled glass tube'fitted at the bottom of the
device in 100 seconds. Thé glass tube is detached from tﬂe
elutriator and the water contained in the funnel of the

elutriator 1is +transferred to a container for determination of

clay fraction.
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The above process'is repeated for each sample collected. The
glass tube with sand fraction 1is preserved carefully for
determination of the concentration of the sand fraction in the

field office.
4.4.2.Disposal of Silt and Clay Fractions

At the end Qf 100 seconds, sand concentrates in the glass
tube and the silt and clay fractions remain in the funnel, the
'bottoﬁ of which has been plugged. The rate of settlements of ﬁhe
g8ilts and c¢lays is éo slow that in a river, iﬁ can be assuméd

that they will be fairly evenly distributed by turbulence through

out the cross section. They will move substantially at the same

speed as the water as they are Qirtually floating in 1it. Thus,
. } .

for purposes of analysis and measurement of concentration, it is

permissible to bulk the sémples in order to obtain a large

representative sample for any one day.

4,.4.3 Determination of Dry weight of Sand Fraction @

The weight of the sand fraction in the tube is determined
by direct weighing. The tube witﬁ sand sample and water is
weighed first, Then throwing the sample and water the tube'fis

e

filled with silt free water again and weighed.. The difference'iﬁ
weight gives the weight of the sand fraction. Now the dry weight
of the sample is determined as below.
Let, V = Volume of tube . ‘ '
V1 = Volume of sand

Therefore, V - V1 Volume of clear water above sand.

H
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Let S Specific gravity of water.

81 Specific gravity of Sand;
1st weight = Wt of tube + wt of water above éand + Wit.of sand.
2nd weight = Wt. of tube + Wt. of water in the entire tube.
Difference in Wt.=z Wi, of:saﬁd + Wt. of water above sand - Wt.of’
water in the entire tube.
= VISL + (V - V1)S - VS
= V1Sl + V8§ - V1S - V§
= V181 - Vi { S = 1 for water) v
= V1581 (1 - 1/81) |
= V1Sl [ (St - 1 )/ s1]
=, VISl [(2.85 - 1 )/ 2.65] Sp. gr.of Sand = 2.65.
= V181 x (1.65/2.65)
. VIS1 = Diff. in Wt. x 1.61

That is Dry wt. of sand = Diff. in wt., X 1.61

.o
i

4.4.4 Determination of the Concentration of the silt and Clay

Fractions

Not much attention has been given to this matter, partly
because its 1importance was considered small in relation to the

sand fraction and partly on account of logistical and other

difficulties. Bulked samples were generally sent to Hydraulic
Research Laboratory, Dhaka by the field hydrometric teams and”

were analysed for total solids and for grading, where possible,

at the convenience of the BWDB. The Hydraulic Research Laboratory

determines\ concentration and ﬁublish periodic report for future
i
use. i
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4,5 Concluding Remarks:

The sampler adopted by Bangladesh Water Development Board
for sediment sampling is Binkley suspended sediment sampler. This
type of sampler is suitable where the channel gradient and the
velocity is low. It cannot be used very effectively where slope
and velocity of flow is very high during flood season iike
the Teesta, Moﬁu, Khowai etc.Sampling is done by Point -
Integrating method. The advantage of using this method is , ‘since
we get the value of concentrations at several ©vpoints in - a
vertical we can easily draw sediment concentration profilé. That

is why it is used in most of the rivers in Bangladesh.

The main disadvantage of the instrument is, when it is used

‘for collecting samples in a $tream of verwv high current, extrsa
|

weight needs to be attacheé to keep fhe sampler in position,

which 1s guite difficult,. Thelpérson handling +the instrument

should be efficient, since due to improper handling of instrument

large error may be introduced in the measurement.

Depth integrating technique is not practiced in general
since_by this method we cannot get the concentration profile. But
for obtaining' an average sediment concentration in a stream’s

vertical this method is very suitable.

The samples of sediment are collected occasionally during
discharge measurements at some sites of major rivers. -  Coarse
portion of the sambles are measured at Hydrological Section

Offices and fine composites are sent to the River Research
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Institute ofl BWDB in Dhaka for analysis, to determine the
concentration of silt and clay.. The results of analvsis are
synthesized with results of water discharge computation and
suspended sediment discharge is cumputed. Data are stored at the

River Research Institute of BWDB in Dhaka.

33.
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- CHAPTER FIVE

I
DATA ANALYSIS, RESULTS AND DISCUSSION

5.1- Introduction

The present study inclu@es cfitical review on past spudies
based 'oﬂ data from the main-chan@els at Sirajganj (Nakfatardhar)
for the years 1969 and 1970, apd for the years 1970 and\LQ?Z at
Nagarbari. This study alsog includes estimatipn of sediment
transportation on the basi? of data from 1982 to 1988  at the
station of Bahadurabad. Sedimeﬁt data for the Chilmari étation

was also "available but it was incomplete in nature and hence

could not be analvsed for study.

These data are collected by the BWDE as a routine work. The
hydrological and geometric data were obtained from Hydrology
Directorate, whereas, sediment related data were cobtained from
River Research‘ Inétitute. bata of 18869 ﬁo 1972 for aGovg
mentioned stations were analysed ﬁy éari {(1978). Alam and Hossain
(1988) reanalysed the data from a différent approach. Théy
compute& overloading .factor and discrepancy ratio for preparihg
the merit table through systematic comparison-of few weilknoWn
transport equétions including the one developed recently by

Hossain (1985, 1987)...

These investigators'found the data in an unsystematic form

and they were arranged properly to bring to usable form for
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analysis. The data of 1982 to 1988 were alsoc brought to proper

format for the purpose of analysis in the present study.

The collected data, however, are not complete as far as thg
bed = load is concerned. The c¢ollected data report only the
suspended sediment concentration and grain size analysis of the

bed material.

5.2 Review of sediment transport studies

Suspended sediment discharge observations were introdgcedrin
BWDB in 1966 and 1967 during tﬁe FAQO Hydrological Survey Project
in the then East Pakistan. Data of suspended sediment ‘discharge
of some selected rivers such as the Ganges, the Brahmaputra, the
0ld Brahmaputra, the Gofai, the Padma {(after juﬁction of the
Ganges and the Brahmaputra) were published in 1969 in the report
entitled "FAQ- SECOND Hydroiogical Survey in East Pakistan",

Sediment Investigations, 1966 and 1976. Next publication of
| .
sediment data was issued by BWDB Hydrology Directorate (Surface

Wateri in December_.1972. The format and contehts- of this
publication in géneral repeats ?he same of the previous
publication by FAO; The . publication contains sediment
investigations  in various rivers of .Bangladesh; The. findings
consist of'yearly sediment . discharge, liquid discharge, and

concentrations collected from various stations.

Very few of the data from the main rivers of Bangladesh like
the Ganges. the Jamuna and the Meghna have been emploved to test

the applicability of the sediment transport formulae available 'in
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the literature. Chang (1980) selected Duboys (1979}, Einstein -
Brown =~ (1850) and Engelund - Hansen (1967) formula for
verification with field data. He found that Engelund - Hansen
formula produced the best results when tested againsti Indian and

American canal data. No mention was given as to the name of

Indian river 1n the analysis.

Bari (1978):applied five sediment transport formulae namely
Colby (1964), Engelund - Hansen, (1967) Ackers White (1973),
Inglis - Lacey . (1968) and ang {1976) against the data of the
Ganges and-the Jamuna. He éompared the sediment load predicted by
these equafions with the measured suspended sediment and
suggested that Colby and Engelgnd - Hansen formula give better

prediction.,

Yang (1977) Vcompared ten sediment transport equatipqs
against 154 sets of field. and‘1093 sets of léboratory data. ﬁe
found thap Yang’s (1973} equation is superior to others. It may
be pointed out that Yang’s equation is based on stream power
concept. According to'his evaluation his equation was followed by

Shen—Hung,'Ackérs—White, Enge%und;Haqsen and the others.
: | |

Hossain and Barr (1988) compared eight well known transport

equations against the data. collected from various sources
throughout the world. They considered Yang, Colby, Engelund-
Hansen, Toffaletti, Holtorff, Ackers-White, Einstein-Brown and

Hossains equations: phrough systematic comparison against “3480

-labofatory ddta and about 800 field data. They concluded tThat

Hossain’s equation was superior to others from all criteria of

H -
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testing the efficacy of selected formulae against these large

Cd

number of independent data sets.

Alam and Hossain (1988) has made an attempt to analyse the
available data of the Jamuna to have a éuantitative évaluation of
the transport rate of the river. Their analysis was based on the
measured data during the period 1969 -~ 1972. The analvsis
contaiﬁed the tésting of efficiency of the formulas seleéted by
Bari and also Hossains Equation (1985,1987). It appearéd -frqm
their analygis that Colby’s_ and Hossains’s formula display
maximum confidence in predicting the sediment load transport

capacity of the Jamuna.
t .

Waliuzzaman  (1986) {seiected five equations namely, Yang
(1973}, Ackers-Whife - {1973), Engelund-Hansen (1967}, Hossain
k1985, 1987), and Mantz .(1983) for analysing the sediment
transbort in the-river Gorai- Modhumati. He also prepared a merit

table on the basis of the efficacy of the prediction of the

selected equations against the measured data. He concluded from’

~

the analysis that Hossain and Engelund—Hansen.equation produced
better prediction followed by Mantz gnd Yang equation. Ackers-

White produced the poorest prediction.

i" JAMUNA BRIDGE APPRAISAL STUDY "

also include some investigations regarding sediment transport in

The UNDP Report (1986}

the Jamuna, but the estimation i1s mainly in respect of

-morphological study-.

In a recent study conducted by BUET - BWDB% 1988} on the

seédiment transport characteristics of +the river Teesta, in
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connecetion with the Design of the Teesta Barrage project, the
experts of BUET selected Yang, Engeluﬁd~ﬂansen and Colby's

equations. They found Yang’s equation to be superior to others.

5.3 B8Selection of transport equations for computing the

sediment load of the Jamuna

For the purpose of present analysis, the selected formulas
are those of Yang {1973) and Hossain (1985,1987). It has already
been stated that the present selection was largely guided by the
investigations carried out for testing the efficacy of wvariocus.
transport equations against the data collected from various
rivers of Bangladesh. In the following sections the equations
selected are discussed briefly.

5.3.1 Yang Formula (1973)

The approach proposed by Yang {(1973) has provided one of the
most recent formula for evaluating the total sediment transport
rate, He approached the {otal transéort from the enérgy
expenditure point of view ind related the +transport rate to
stream vower, " By using avallable data, most of which is of

laboratory origin and with the help of multiple regression

techniques, the foliqwing expression was obtained.

log Cp = 5.453 -.0.286 log (wD /> ) - 0.457 log (U¥/w)

+ (1.799 - 0.409 log (wD/D ) - 0.314 log (U%/w))

x log { (VS/w) - S/w})

7
-(\cr
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Where Vgr/w = =———--=-=m=-=S--swosooommoos + 0.66
log {U%D/» )} - 0.06

‘when - 1.2 ¢ UXD/Y < 70

and Vcr/w = 2.Q5 when 70 < U*D/Q
in which, Ct - total sediment concentration in ppm by weight;
| D = median sieve diameter {(m}
Ux = . shear velécity {m/sgc)
9 = .kinématic viscdsity (m Esec}
Vcr =~ c¢ritical average flow veloéity (m/éec}
w = fall velocity (m/sec) | .
vs = velocity slope product (m/sec}
g = acceleration due to gravity ( m /secz )

The equation 1s dimensionally homogeneous and any consistent set

of units can be used.

5.3.2 Hossain’s Formula {1985)

It was found that a good correlation could’ be obtained
fof different channels, 5etween sediment concentration  C and
other parameters iﬁfluencing sediment transport in an alluvial
channel by inﬁroducing a non-dimensional term VS /(gH)l/z
(Hossain,1985):

Based on the concept of dimensional analysis and siﬁilitu@e
argument, it hgs beeﬁ proposed that the sediment concentration in
a stream of steady water and sediment flow is a powér function
of: (i) the product‘of'Froude number and slope, (ii) the settling

velocity ratio and (iii) .the discharge ratio. The form of the

equation could be written as,

|
!
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Cc = Al X v 2 | .
where, Ct = Sediment cgncent%ation in garts per million

A = 0.845 x 10# for Q@ < 1.0 m /sec

= 6,946 X 103 for Q@ > 1.0 m3/sec and B/H < 100

= 6.946 x 106 for @ > 1.0 ma/sec and 100 < B/H < 500

| 1/2 .
X = VS8/ (gH) and, a = 0.745
Y =w, /W b = 0.633 .
Z = Q/Q c = Q.500
Wy Settling velocity for a representative Sediwent size”
fof'which DSOl: 0.15 mm at ambient temperature
w = Settling velocity of the partiéles
Qc = assessed discharge from equation
1/5 5/2

Q. = | { 2.15 + 0.205 B/H } H (g5) ]

where the notations have their meaning as follows:

B average width of the chagnel

H average depth of flow

S average water surface sloﬁe

E acceleratio? due to gravity

The settling velocity has been'caldulated.using Rubey's (1933}

equation.

When B/H > 500, Z was suggested to be replaced by KZ, where, " K "

is a coefficient . which ranges from about 17 tb 40. TFor the
present analysis K was assumed to be 30. (Hossain 1989).
It should be noted here that sediment transbort function

developed represents a median condition of correlation. -
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5.4 Water Sediment Hydrographs
a) Bahadurabad

A typical Water-Sediment Flow Hydrograph has been drewn.for
the year. 1982 using the measured data. The water hydrograph have
twe peaks'where as the sediment hydrograph have one major and two
minor peals.

In Fig 5.1 it may be seen that the highest peak 1in water
discharge occured in mid-July while the highest peak for' the
sediment discharge occurred in early August. In water digcha;ge
hydrograph, anothef peak is observed.in early September. Sediment
flow is feﬁnd to be low; during the lean period. The maximum and.
the minimum "flow is found to be 46,7003m /s and 5540 m 3/8 for
monsocn and the lean period respectively. In sediment diseharge
hydrograph the second and the third peak occurred 1in early
September and early November. The major peak of 3.5 m tons
occurred in early August. During October to December the daily”
maximum and the minimum Sediment flow is found to be .98 m tons
and .14 m tons respectively. The toeal sediment flow for the year

1882 is- found to be 244 million tons per year.

b) Nagarbari

Fig . 5.2 and Fig 5.3 show the water~sediment flow
hydrographs at Nagarbari station for the yvears 1970 and 1872
respectively. Fig 5.% shows that there are three peaks for both

water and sediment discharges. The highest peak in water
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discharge occurred in mid- August while the highest peak for the
sedimént_discharge occurred in early October. Possibly the local
erosion during the falling stage of the river caused +this rise
of sediment flow. Sediment flow was low during the lean period.

The daily rate of sediment movement during this périod _varied

|betwéen .048 m tons to 0.252 m tons. The total sediment flow were-

© 23 and 283 million tons during thé lean and monsoon period

respectively. This 'is presented in a summerized form 1in Table

5.1 A.

In the year 1972 Fig‘ 5.3 there was one major pe;k for
water and'sedimenﬁ discharge during first half of August. There
was another very minor peak duriﬁg October: During May to
October the minimum and the maximum daily sediment flow was about
0.250 m tonms and 2.7 million tons respectively. The total
éediment flow was about 953 million tons. During the lean peridd
(November to April) the maximum and the minimum daily Sediment'
flow are 0.10 and ;021 m £oné respectively. The total sediment
discharge was abqut:4.8 m tons. Table 5.1'A.

-

c) Nakfatarchar

Fig 5.4 and Fig 5.5 show water-sediment fiow hydrograpﬁs
for the station Nakfatarchar for the vears 1969.and 1970. Both

the water and .sedimennt hydrographs have two péaks and occurred

simultaneously. The first_peak was observed around mid-June and
the second peak which was the major peak occurred around late

July. During the monsoon (May to October), the river stage ‘'was

Al )
high, the maximum sediment qovement was found to occur and the

‘

- 42




, S i : I
amount of suspended-sedimentédischargeawas about 17 million tons

in 1969 and 95.3 million tons 'in 1970 as shown in Table 5.1 B.

The Table also shows the daily maximum and minimum réte which
varied between 6.3 million tons and .203 million tons in 1969
and 3.6 to .305 million tons in 1970. Data for the lean period
{November to April) was available only for the year 1970 and
during this periﬁd sediment passing the station amocunted . to
about 17.6 million tons. The daily sediment flow véried beﬁween

5.5 Compafison of the Estimated Sediment load

The formulae selected for evaluation of total load ;as
mentioned earlier are thosé of. Yang (1973) and Hossain {1985,
1987) formulae. These two formulae have been tested against broad
spectrum of world'wide data and have been identified to provide
the estimate transport ratg of the river with a fair degree Of
accuracy. (Hossain and Barr, 1988, Alam and' Hossain, 1988, BWDB -

BUET 1988). _ Lo

‘Table 5.2 shqws the gediment discharge calculated by ;he.
. |

' two formulae for the riveergmuna, .at station Bahadurabad. It
may be seen from the Tablelthat the total - sediment discharge
obtained by &ang’s equatibn is low -compared to sediment load
estimated by Hossaiﬁ’s formula and the measured data. The annual
sediment load. estimated by Yang formulae.varies from about 15
million tons to about 40 million tons. The formula as mentionéd

before has been derived for total load transport on the basis of

energy expenditure point of view. It relates the transport rate
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3 . .

to stream power. 1t may be‘noteq that the river Jamuna 1s not a

|.

stable one. -
The values obtained for total load estimated by Hossain's

equation are found to be quite high in magnitude. The annual

sediment load varies from about 400 million tons to about 815

million tons during the period from 1882 to 1988. The annual
average total sédiment flow of the Jamuna computed by Hossain's
formula during this period may be taken as 643 million tons.: From
the analysed data it may also be noted that more than 80% of the

sediment load flows during the flood season.

It was the intention of the author to develop a graphical
relation between the total sediment discharge and water dischargef
for ©practical use.‘ With this view in mind, total sediment load

estimated by both Hossain and Yang equations were plotted against

water discharge on log-log paper,

Best fit line was drawn using regression technique and a

power type equation was developed which are discussed 1in the

following article.

' N
The Regression equations developed for the observed data,
Hossain’s and'Yangfs equations using all the individual data for

the above mentioned period are shown in Table 5.3.

Table 5.4 shows the power - law relationships which are
developed for Hoésgin, Yang and for the measured data for the

years'from 1982 tb 1988.
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5.6 Power Relationships

~Simple power law relations have been developed relating

sediment transport (QS) with water discharge (Qw) and velocity of
|

flow (V}, employing regressiop technique. Fig 5.6 , Fig 5.7:,_
Lo .

Fig 5.8 , shows the water discharge relations for the data of

the years 1982 to 1988. The regression equations may be written

as follows

_ 1.45 2 '
(Qsobs = .4829 Q, { r = '743(}'.."5'1w
i} 1.576 2 ’ .
QSY = 01144 Q. (r = .908 Y,....5.2
1.050 2z
QSH = 57.70 Qw { r :A.9647).....5.3
Where, -
Qsobs = observed suspended sediment discharge, (Tons/day)
st = total sediment calculated by Yang, (Tons/day)
QsH = total sediment calculated by Hossain, {Tons/day)
QW = water flow in meter ‘cube per second.
2
T = coefficient of correlation.

Fig 5.9 - shows the sediment and water discharge relation for +the
data covering period 1969 to 1972 for the station Nagarbari and
Nakfatarchar. (After Alam and Hossain, 1988). The regression

equation of which is given by :

-4 1.609 2 )
Q = 4,06 x 10 @ { r = .872)Y.......5.1
s . W
Where, Qg = suspended sediment discharge, in tons per day.
Qs = - water flowlin cubic feet per second. .
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2 .
r = the coefficient of correlation.

Similar pype of equation has also been developed relating
sediment transport and velo?it}. Fig 5.10 and Fig  5.11 shows
the velocity sediment discﬂarge éraph for the station Bahadurabad
for +the observed data ofl1982—1986 and for the data of  Tboth’
Nagarbari and Nakfatarchar chering period 1969 to 1972. (after

Alam and Hossain;1988 ). i

The ﬁegression equation for the station Bahadurabad may be

written as follows:

4 3.767T 2

Q = 91.545 x 10 Vv { r = .538).......5.5

sobs
and the Regression equation for Nagarbari and Nakfatarchar (aftdr

Alam and Hossain, 1988) is given by

: : -4  2.95 ' 2
Q = 22.811x 10 \Y { r = .770).......5.6

5
Where,
V is in meter per second for equation 5.5 and

V is in feet per second for equafion 5.6.

2

and r has been explained before.

Meaning:for Qé { Qsobs

It may be noticed from the above equations that sediment
discharge may satisfactorily be expressed as a function of water

discharge and flow velocity.

46




5.7 Discussion
In the present analysis, the median size of bed material
ranges from about .053 mm to .24 mm, mean dépth Between 2.12 m to

' ‘ 3 3
10 m and the discharge between 3500 m /sec and 75,700 m /sec.

The formulas namely of Yéng and Hossain, studied herein yack
confidence 4in varying dcgr%es. However, the performance of
Hossaiﬁ formulaefseeﬁs to be &ore acceptable.

Performance of the Yaﬂg?s formulae against the present.sets
of data is not very_encouraging. This 1is aue to the fact th;t,
tﬁe river Jamuna has a large fluctuation of discharge throughout
the year which led the river to be extfqmely unstable, 1in whicH
the Yang's formulae is not very suitable. Thus .the formulae

appears to be doubtful as observed from its performance in the

present case.

Data for the year 1985 was found to yield erratic prediction
when used against the equations selected for the present
analysis. For this reason the data of 1985 was not used for the

present analysis.

It would be worth méntioning that majority of the sediment
load whether suspended or total is‘transported during the flogd
seasoh i.e, {(May - October). In the present analysis daté fof the
year 1988 is found only from January to July and the value for
total load by Hossain's equation is found to be about 400 mllllOﬂ
tons. If completé “Set'éf data for that vear were ava;iable it
-could be‘anticipatéd that sediment flow would have been highef

than that of 1987. : v
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CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusion

-The following conclusions may be drawn from the present

study {
' |
1} The sediment transport eqpations selected to predict sediment
flow through the Brahmaputra river predicts transport rates

which vary quite significantly.

2) The Hossain formulae”yields higher magnitude of sediment
movément. The formulae has been developed using sands of median
sizes 0.15mm to O.SOmm and taking into account the influence of

- settling velocity.

o

3) The éstimation_by Yang shows very low value compared to the
observed data, hence casts doubt about its applicability in the

present case.

1) The data collection procedure by Bangladesh Wateér
Development Board needs modification. ~Valuable data have been
collected but many of them are not in'qsable form for rational

analysis due to lack of one or more simple data.
. ] T

Ty

5) - The .analysis would have been easier and simpler if the

geometric and hydraulic data were found in the same data sheet.
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6} Bed load discharge is required to be measured in addition to

suspended sediment discharge.

7). At least five measurements at different depths should be
taken at a particular vertical, so that concentraion profile can

be obtained.

8) The relationship between observed and computed sediment
discharge of the river Jamuna may be correlated to give simﬁle
" power equations (eqgn, 5.1, 5.2, 5.3). The relationship between
sediment.discharge and meaﬁ velocity for the Jamuna river at the
Nagarbari, Nakfatarchar and Bahadurabad station may be correlated

to give simple rating curves.{(Fig 5.10 and 5.11).

{

9) It is revealed from this! study that about 643 million tons
of total load passes annually through the Bahadurabad in the
) . S

river Jamuna.

10) The annual suspended 1load may be taken to be about 435

million tons as revealed from this study.

6.2 Limitations of Present Study

‘The collection and- analysis of data should .be based off
recent standard praétices. The necessary data like sediﬂeﬁt
concentration, water/sediment discharge, depth, width, velocity
of flow, sedimént size, temperature, etc, for this study were-npt
available throughﬁ the year and hence detail investigétign

pertaining to sediment mowvement could not be done properly.

Moreover, due to lack of water temperature data, evaluation of
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computed -sediment rates of'phe river Jamunsa was _depenaent on
standard "value of temperature. Thus systematic approach and
methodélogy should be devéloped for the eollecticon of - various
geometric and.hydrauiic parameters and published as data bank in
accordance with some standard format like the one prepared by

Brownlie (1881).
6.3 Recommendations for future study
The following suggestions are made for further study

1) Data should be collected and compiled spreading over a

large number of years.

2) Study of bed load should be undertaken. However, bed load
sampling data are not available at this moment. Possibilitf of
determination of bed;load by Fracer tecniques may be explored. '

E

; |
3) Evaluation of the actual transport capacity of the Jamuna has

not been possible due to lack of large volume of data. Moreover,
greater number of sediment transport formulae should be selected

for predicting the quantum of sediment transported +through the

Jamuna.
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TABLE 2.1

~ Sediment Grade Scale

( Subcommittee on Sediment Terminoldgy, A. G. U. |

Size Hicrons Inches (lass
, 4000-2000 16G-80 Very large boulder
2000-1090 - go-40 Large boulder
1604-500 i0-20 Mediua Doulder
§00-250 . 20-10 Snall boulder
: 250-130 - 10-5 " Large cobbles

|
130-64 ’ 5-2.5 | Saall cobbles
: F

64-32 2.5-1 3§ Nery coarce gravel
32-16 1.3-0.6" " Coarse gravel

- 16-8 0.6-0.7 Hediun gravel
B4 b.3-0.18 Fine gravel
§-7 0,16-0.08 Yery fine gravel
-1 2000-1000 ' Very coarse sand
1-0.5 1090-500 Coarse sand
0.5-0.25 509-250 ) Hedium sand

. 0.25-0.125 250-1258 Fine sand
0.185-0,062 125-62 . Yery fine sand
0.062-0.03 62-31 Coarse silt
0,031-0.018 31-16 Medium silt .
o 0.015-0.008 16-8 Fine silt .
| , 0.008-0,004 8-4 . Very fine silt ’

0.004-0,002° -1 Coarse clay
G.002-0.001 -1 Hedium clay
0,091-0,0005 1-0.5 Fine clay
0.0005-0.00024 0.5-0,24 Very fine clay
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TABLE 3.1 FLOOD DISCHARGBS AND SLOPRS ALONG THE JAHUNA RIVER

Station Average yearly flood 1 in 100 year flood

; Discﬁarge' Stage 1t Discharge Stage ft ;
E § (& /secl h{m}+PWD Q (g fsec) hiz)+PuD %
; Bahadurabgd 65.006 18.79 | 91.009 - 20.2 ; .
SiPanar;j £5.000 13,70 .00 1.4
Nagarbari 65000 9.50 81.000 | 10.9
Goalando W 8 134,000 §.1

fource: BWDB DATA, UNDP (1986)
T w.r.t PYD Datum

TABLE 3.2 VALLEY SLOPES ALONG THB JAMUNA BIVER

&
: -5 '
‘ Valley slope {Slope x 10 } | i
i Station
! dverage yearly 1 in 100 year :
! flood : floed ,
| {cn/kn) 5
] 1
e e e e e e e e e e e Ml e m A e e e m e —— . e .o i
: f
¢ Bahadurabad !
I 1
| . | E
 Sirajganj 6.8 : 7.3 v
1 ]
:' !
i MNagarbari 7.1 : 7.4 |
I . : F
I 3
H i
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TABLE 3.3

GRAIN SIZE OF BED MATERIAL {(mm} STATION: NAGARBARI

Serial Date ‘ D D D
Number
1 23-Sep-65 0.168 0.143 0.153
2 06<Feb-67 0.182 0.149 0.154
3 06-Mar-67 0.118 0.088 0.1
4 - Q4-Apr-67 0.139 0.115 0.15
5  24-Jun-67 0.172 0.122 - 0.15 ’
6 12-Jul-67 0.105 0.09 0.095
7 12-Jul-67 0.102 0.085 0.095
8 05-Sep-67 0.220 0.17 0.202
9 10-0ct~67 0.162 0.123 - 0.145
10 03~Dec-67 0.205 0.175 0.199
11 08-Jan-68 0.220 0.168 0.198
12 06-Feb-68 0.270 0.188 0.233
13 07-Mar-68 - 0,064 0.047 0.068
14 06-Jan-69 - 0.200 0.148 0.187
15 26-Aug-70 "0.149 0.11 0.138
16 15-Jul-"72 . 0.18 0.142 0.163
17 17-Jul-74 0.197 0.152 0.174
- 18 11-Jun-75" . 0.22 0.178 0.199
19 - 02~Jun-76 'i 0.22 0.175 0.197
20 15-Mayv-77 j 0.11 0.081 0.086
’ ‘ N
t
GRAIN SIZE OF COARSE SUSPENDED MATERIAL (mm) STATION:
BAHADURABAD
Serial Date D - b D
Number
1. 1/6/83 to 0.1865 0.116 0.145
29/2/84
2 Year 1985 0.059 0.025 0.053
3 April ’'86 0.215 0.174 0.195
to Mar '87 )
4 12/4/87 to ‘ 0.21

9/2/88




TABLE 3.4

GRAIN SIZE OF BED MATERIAL (mm) STATION: CHILMARI
Serial Date _ D D b
Number :

1 08-Aug-66 0.208 0.19 0.2
2 16-Jul-67 0.115 0.08 0.103
3 29-Sep-67 0.138 0.1 0.143
4 16-May-68 0.224 0.185 0.209
5 16~-Feb-69 0.092 0.055 0.087
6 13-Mar-69 0.298 0.198 0.27
7 04-Apr-69 0.074 0.048 0.073
8 04-May-69 0.085 0.06 0.074
9 01-Jun-69 0.182 0.13 0.173
10 16-Jun-69 0.302 0.22 0.282
i1 15-Jun-70 0,177 0.128 0.168
12 09-Jun-T75 0.2 0.165 0.184
13 2i-Jul-1786 0.2 0.17 0.185
14 14-Apr-T7 0.315 0.25 0.298

GRAIN SIZE OF BED MATERIAL {(mm) STATION : NAKFATARCHAR
Serial Date D "D : D
Number )

1 01-Nov-65 0.155 0.14 0.15
2 04-Dec-65 0.2 0.225 . 0.25
3 06-Jan-66 0.217 0.189 0.2
4 04-Feb-66 0.23 0.185 0.21
5 03~Mar-66 0.255 0.225 0.24
6 08-Apr-66 0.26 0.225 0.245
7 15-May-66 0.17 0.149 0.153
8 04-Jun-~66 0.115 0.098 0.1
9 12-Jul-66 0.095 0.089 0.087
10 20-Aug-66 0.215 0.233 0.2
11 02-Feb-67 0.15 0.11 0.135
12 02-Mar-67 0.18 0.118 0.165
13 02-Apr-67 0.234 0.17 . 0.155
14 - 02-May-76 0.3 0.25 0.28
15 07-Jun-67 .19 0.16 0.155
16 14-Jul-67 0.248 0.182 0.22
17 05-Aug-67 0.166 0.115 0.153
18 04-Sep-67 0.208 0.17 0.191
19 02-0ct-67 0.22 0.19 0.208
20 06-Nov-67 0.22 0.17 0.207
21 05-Dec-67 0.165 0.115%6 0.148
22 15-Jan-68 ' 0.21 0.165 0.192
23 12-Feb-68 0.205 0.173 0.199
24 05-Apr-68 0.035 0.02 0.038
25 04-May-68 0.175 0.137 0.165
26 03-Feb-69 - 0.225 0.18 0.216
27 16-Jun-70 0,203 0.18 0.22
28 16-Sep~T5H 0.25 0.195 0.236
29 07-Jul-76 0.227 0.18  0.218
30 05-Jun-77 0.142 0.12 0.141
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TABLE @ 5.1 &

TOTAL SEDIMENT FLOW AT NWAGARBARD (CALCULATED BY HOSSALE'S BQUATION!

YEAR FERLCGD - LOWEST DALLY HIGHEST DALLY TOT&L FOR THE PERIOD
failiion Tons) {aillion Tons) {rillion Tons)

Hov--Apr 048 252 ' 23
1370
Hay--0ct 293 1.45 281
K Hov-~Apr 021 14 .8
- 1992
May--0Oct A 2.1 453

'TOTAL SEDIMEKT FLOW AT MAEFATARCHAR (CALCULATED BY HOSSAIN'S EQUATICN!
. YBAR " PERIOD LO“EST?DAILY'_ HIGHEST DALLY TOTAL FOR THE PERIGD
. ' [milliqn Tons} (millien Tons] = (aillion Tong)
.---------..-_------.------.--.--_---.-..-.-}.j ...................................................

Koy--kpr  cmeeeee el

1369
Hay--0ct 0.203 £.3 17
Nov--Apr A28 b.320 17.5

1419 R

. May--Aug 050 31,50 35,3
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TAALE ¢ 5.1

YEARLY SEDIMENT DISCHARGE CALCULATED BY SELECTED FORHULAE

. |
RIVER : JAMUNA o STATION BAHADURABAD

Suspended
sedizent discharge
Gs (Tons/yr)

\ .
K YEAR 0BSERVED DATA : HOSSALN | TAKG
: ' forpula | fornula
-------—--.---o--.--»--.----------.---.a---—--_---.—l ---------------------- i .....................................
1,982 244,918,498 : 752,198,718 | 18,428,482
1,983 974,140,243 o TELNL 14,914,751
1,984 §41,397,926 ' 7,020,151 | ‘ 19,385,150
{995 297,311,146 T .
{986 708,530,218 ! 103,173,009 17,409,414
1,997 : 814,924,515 | 15,594,448
] |
1,988 ; 105,703,622 | 15,535,388
|
!

62 ‘ i
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© TABLE ; 5.3

REGREGSION EQUATIONS FOR OBS DATS, YAN¢ AHD HOSSAIN'S EQUATION

J |
RIVER : JANONA STATION : BARADURABAD

Year Kegression Equation foefficient Standard error  Standard error
of . of ¥ estizate of Co-efficient

1982 QsOBS =.3504 qw W - 0.973931 0. 116995 0..13018 .
1943 Q5085 =.8940 qu A 0.945018 0. 188701 0.124234
(FOR OBS DATA) - 1984 45085 =.1678 4w 1}553 0.838424 9.438398 6.27075¢ )
1985 Qsosé 5288 Qu o 0.956241" 0.197378 0.128279
1986. Qs0BS =, 2427 ¢w 1'_'573 o D.B46STS 0.366062 0.239824
e

1982 Qefl = 71,20 4w 0.981737 0.0721 . 0,044452
1883 Ak 2 210,84 4w o 0.99133 " 0.046669 6.020343
1984 Gsd = 309.58 qu o 0.98202 L 0.07514] 0.028119

(HOSSALN} 1985 Qsk = 650,95 QW'm 0.9806 9.072197 0033496
1986 Qs = 13,75 qu e 0.99985 0.088076  0.02134
1387 m = 10,31 g% H G.98476 0.089437 - 0.038935 -
1988 QB = 19,17 Qu i 058400 0.000318 0.057069
""""""""""""""""""""""""""""" e T

1982 st = 0158 Qw 0.99333 0.08463 0.040626
1983 Qst = 0405 Qu H 9.99819 0.014927 0.014927
1384~ gs¥ = 0561 qu Mrle 0,95628 - 0021022 0.021022
1985 st = 0783 Qu o 0.99127 0.038125 0.035125
1886 QeY = L0021 Gw W 6.99115 0.021376 0.021376
1987 Gst = L0031 Qu i:: 0.59572 0.028408 0.028405 *

19838 - @s? = 0046 Qu {99506 0.044645 9.044645




TABLE: 5.4

" POWER LAW RELATIONSHIPS
UTILIZING SEDIMENT DATA OF (1982-1988) FOR THE JAMUNA

River: JAMUNA ‘ _ Station: BAHADURABAD
g
OBS DATA (1982-1986) HOSSAIN (1982-1988) YANG (1982-1988)
. 1.45 _ 1.0507 . 1.576
Ogobs = 0+4629 0, Oy = 57.70 O Oy = 0.01144 Q_
(% =0.7437 ) ( £ = 0.908 ) ( £ = 0.9647 )
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