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ABSTRACT

This study is concerned with the erosional character-
. ,

istics of the river Padma from the confluence of the~

rivers Ganges-Brahmaputra at Goalundo to the confluence
of the Padma-Meghna near Chandpur with a reach length of

65 miles.

Field data collected by Bangladesh Water Development

"..

Board have.been studied, analysed and prominent morphologi-
cal features have been found out.

It has been observ.ed that the Ganges-Brabroaputra con-
fluence has substantially migrated upstream. The width of
the river Brahmaputra has also increased four times during
a period of eight years from 1968-76.

The thalweg sinuosity of the reach is gradually decreas-
ing from year to year. The reach concerned thus has a ten-
dency of approaching towards braiding charact~ristics.
The bed slopes are getting steeper, the thalweg meander
shapes, ML/MB are increasing and the thalweg meander sizes
MB/W are decreasing.
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The frequent wandering of the thalweg from one
position to another is due to the great ~agnitude of
discharge during flood and movement of sand bars and
mid-channel islands.

The shifting of the banklines is erratic and due
to aggradation of the channel bed and the movement of
the thalweg. The left bank is mainly under erosional
activities while the right bank experiences both erosion
and deposition. The maximum rate of erosion is about 1100

ft per year and the maxioum rate of deposition is about
850 feet per year, both occur1ng on the right bank.
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Chapter I

INTRODUCTION

1'.

General

From ancient times to the present days all~wial rivers
have been playing a major role in human activities. The river
flood plains were the early agricultural efforts and human
habitation. The river routes for travel and trade are as
old as civilization. The present civilization probably is
making more of its uses than any in the past, either in
the form of irrigation, generation of power, domestic water
supply, transportation of goods to market or refuse to the
sea.

However, alluvial rivers also cause trsmenGous problems
to man. An occassj.onal flooding of the lo.~Lmds refertilizes

<;'- .-

the soil and may be beneficial under pristine conditions.,.
but such floodings frequently bring disastrous loss of crops,
destruction of engineering works, and loss of life. As a
result attempys fiFemade to.co~trol the rivers so that flood
damages are reduced and dependable navigation channels are
maintained. However, before a river can be controlled it, .

should be studied in sufficient detail so that its response
to the controls can be anticipated.
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Rivers flowing in alluvial materials, under a given
set of climatic, hydrologic, geologic, and geomorphic
conditions, exhibit a similarity of pattern and shape that
implies cause and effect relations. It is Df course, very
important to understand the behaviour of riv,Elrsunder diverse
qonditions and to identify the complex and interdependent
yariables which are responsible for the geomoJ;'phicand

~. "',I

hydraulic character of a stream. However, the nattl're6f a
, . .

.,'

tochange of river character may be clearly apparent the
trd1.ned observer the reasons therefore often are'ob!3cure
or, if suspected can not be proved. This is because there
are many interdependent variables influenoing a river and
rarely oan one be isolated and its effects studied. For
example, Lane (1957) stated that "There is nearly in:finite
variety in stream forms, if considered in details. No stream
is exa,~tly like any other ['treamand no pert of any stream
is like any other part of the some stream". 'J'hisis because
stream channel forms are the reslut of a great many ~a~tors
and the same combination of these factors is never exaqtl;r
repeated. However, stream channel forms and shapes are ,the'
result of physical laws and if the conditions controlling,
the shape of any part of a stre~~ were exactly reproduqed,
the same form of a stream would result.
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Variables Affecting Alluvial Rivers

A great many factors affect stream channel forms some
affect the form directly, and others affect it because of
their influence on the directly affecting variables.

According to Lane (1957), the most important variables
affecting alluvial streams are: (1) stream discharge,
(2) slope, (3) sediment load, (4) resistance of banks and
bed to movement, by flowing water, (5) vegetation, (6) tem-
perature, (7) geology, and (8) works of man. Undoubtedly,
other factors are involved, but Lane believed these eight
to the major. They are not all independent, however, as
many depend to a great or less extent on the others.The .

•interrelation between slope, sediment load. and resistance
of the banks and bed to movement is particularly close and
complex •

Simons (1970) stated that "variables affecting alluyial
channel forms are numerous and inter-related. Their nature
is such that, unlike rigid boundary hYdraulic problems, it
is not possible to isolate and study the role of an ind~vi-
dual variable". JFor example, if one attempts to evaluate

-the effect of increasing channel depth on the average velo-
city, additional related variables respond to the changing
dep:h. Similarly, ~ot only will the velocity respond to the

,
change in d!3pth but also the form 6f bed roughness, the
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position and shape of alternate, middle and point bars,
the shape of cross-section, the magnitude of sediment
discharge, and so on. Consequently, the mechanics of flow
in al1uvir,1 channels and the response of chgnnel geometry
is not as well lmderstood and explained as mcmy other areilS
of <fluidmechanics [',ndhydraulics.

Simons (~970) gave the list of most important variables
which influence the geometry of river channels. That list
includes the follmdng variables:

<P LV,D, S, P, /'1 g, d, 'T' ,/1, ,Sp' SD, Sc ,f s' C;[

in which
V = Velocity,
D = depth,
S = slope of energy grade line,
,0 = density of water-sediment mixture,

= 0

ol., ' /71/! = ap)arent viscosity of water-sediment mixture,
g = gravitional constant,
d = reprc:sentative fall diqmeter of the bed 'material,
?;.- = gradation of bed material,
.~s= density of sediment,
S ~ shape factor of the particles,p
SR= shape factor of the reach of the stream,
S = shape factor of the cross section of the strenm9c
f = seepage force in the bed of the stream, ands
CT= Concentration of bed-material discharge.
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The majority of these variables were discussed in
the analysis of forms of bed roughness by Simons and
Richardson (1962).

Equation 2 gives the list of the nondimensional parameters

,C~ = 0
fsSp'SR,Sc' 0 0 2fV

Using V.D and P as the repeating variables and
applying the Pi-theorem

r.VD V do
CPt LS, -;:1' Irgn' D' ':A,

.~

which are important in the study of alluvial river character-
( istics.

Objectives

This study attempts to know the probable behaviour of
the river reach of the Padroa for a reach length of 65 miles
from the confluence of the Ganges-Brahmaputra at Goalundo
to the confluence of the Padma-Meghna near Chandpur. The
erosional pattern of the river reach, its migrating tendency
and direction of movement, formation and movement of sand
bars and mid-channel islands on its bed, has beeI:l;st"iidiLeod
andanal,y-sed.--"Tni"s'typ"eof systematic study for thepredic .....
tion of the morphological behaviours of rivers is veryimpor-
tant for rivers like Padma. The river influences greatly
the socio-economic pattern of life of the country. It is not

,","00

only one of the ty;pically great rivers of Bangladeshbu,t
also one of the major rivers of the world.

- ----" _ .. -
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The Bain objectives of this research are as follows:
a. to investigate the shifting and erosional

characteristics of the:;river Pac1r18.•

b. to study the I'lOrphologicalchanges of the river. , .

from year to year.

c. to study the pwrphologice.l behaviours of the
Ganges-Brahmaputra at the confluence.

,-,'
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Chapter II

RIVER PATTERNS

By river p~ttern is neant the configuration of a
river as viev!ed on a !'lapor frol'lthe air, River patterns
~re nornally classified conveniently as straight,meander-
ing and braided.

Straight rivers are those which have, at the bank-full
stage, a negligible sinuosity over a distance ten tines the
channel 1'lidth.

Meandering rivers show Dore or less re~~larinflections
in the directions of the channel and are quite sinuous in
plan.

Braided rivers are +.hosemarked by successive divisions
and rejoinings of the flow around alluvial islands.

It should, however, be borne in mind that all channel
forms in the field are not covered by these three categories
and this classification is not comprehensive. For example,
the distinguishiJ1..gcharacteristi.c of a braided stream is
the int8rlacing of its multiple channels. On the otherhand,
the distinguishing characteristic of a meandering channel

. ,
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is a sinuous aligru"ent. Thus, .nlereas the terms straight
and neandering refer to direction, braiding refers to
multiplicity of channels.

straight River

A straight river is.one that does not display a sinuous
course. Leopold and Wolman (1957) pointed out that very
few streams are completely straight for any appreciable
distance. luthough a stream may have relatively straight
banks, its thalweg, is usual~y sinuous, Fig. lB. Thus there
is no simple distinction between a straight river and a
meandering river.

The ratio of channel length to down valley distance is
often used as. a basis for distinguishing bet,,,eenmeandering
and st:oaight rivers. This ratio, called sinuosity, varies
in rivers from a vE'.lueof unity to D.. value of about 3 or
nore. Leopold, Voillan '1ndI'liller(1964) arbitrarily used
asihtiousity of 1.50 as the divi.sion between meandering and
straight rivers. Neverthelees a river with a sinuosity of
sinuosi ty of 1.25 or ,csreaterwould be consid ered to be
meandering by most observers.

Braided River

A braided river is generally wide with poorly defined
and llilstablebanks, and is characterized by a steep,shallow
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course with multiple channel divisions around alluvial
islands, Fig. IA. Braiding was studied by Leopold and
Wolman (1957) in a Laboratory flume, and they concluded
that braiding is one of the many patterns which can main-
tain quasiequilibrium among discharge, sediment 10G.d and
transporting ability. They also stated that braiding does.
not necessarily indicate an excess of total load. La~e (1957)
concluded that there are two primary causes that may be r
responsible for the braided condition: (1) oyer loading
i.e., the stream may be supplied with more sediment that
it can carry and part of'it may be deposited, and (2) steep
Slopes causing a wide, shallow channel, in which bars and
islands readily form. ,'.,

Either one of these two causes alone may be responsible
for the braiding pattern, or they may both be acting to
cause it. If the channel is overloaded with sediment,.
deposition occurs, the bed aggrades, and the slope of th~,
channel increases in an effort to maintain a graded congition.
As the channel steepens, the velocity increases, multiple
channels develop and cause the overall channel system to
widen. The multiple channels, which form when bars of sedi-
ment accumulate within the main channel, are generally un-
stable and change position with both time and stage.

Another cause of braidinG is easily eroded banks. If the
banks are easily eroded, the river widens at high flow and
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at low flow bars fom which becooe stabilized, fanning

islancs. In general, then, a braided channel has a steep

slope, a large tJd material load in cOf:lparisonwith its

suspended load, and relatively s;.'1a11amounts of silts and

clay in the bod and banks. The braic1ed rivor is difficult

to work with in that it is unstable, ch2illgesits alignment

rapidly, carries l",rgo quantities of sedil'lent, is very wide

and shallow even at flood flow and is in goneral tlllpredict-

able.

Meandering River

A l'leandering stroal'l is one thct consists of alternating

lends, giving an S-shape appearance to the plan vi~w of

the river, Fig. IC. More precisely, l,ane (1957) concluded. - 'c, .~ _ ' .

tha t R met:mderingstreaI'l is one '"hose ohcl1melaliMlirlent con--

sists prin."cipally of proncunced bends, the; shapes of '-Thich

have not been detcroined predominantly by the varying nature

of the terrain through which the channel passes. The meEmder---

ing river consists of a series of deep pools in the bends

and shallow crossings in the' short straight reach connect.-

ing the bends. The. thall-leg flows from a pool through a.

crossing to the next pool fO~ling the typical S-curve of a

single oeander loop.

As shownschenw.tically in Fig. IC, the poolst(md to

be somewhat traingular in section vrith point bars 10C8.ted
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on the inside of the bend. In the crossing the channel
tends to be more rectangular, widths are greater and
depths are relatively shallow. At low flews the local
slope is steeper and velocities are larger in the cross-
ing than in the pool.

The Continuum of River Patterns

~ecause of the physical characteristics of straight,
braided and meandering streams, all natural channel patterns
intergrade. Although braiding and meandering patterns are
strikingly different, they actually represent extremes in a
continuum of channel patterns. On the assumption that the
pattern of a'stream is determined by the interaction of
numerous variables whose range in nature is continuous,
one should not be surprised at the existence of a complete
range of,channel patterns. A given reach of a rive~, then,
may exhibit both braiding and meandering, and alteration
of the controlling parameters in a reach can change the
character of a given' stream from meandering to braided or
vice-versa.

A number of studies have quantified this concept of .a
continuum of channel patterns. IChan (1971) related sinuosity.
slope and channe~ ,pattern, Fig. 2. Any natural or artificial
change which alters channel slope such as the cutoff of a
meand'erJ,oop, can result in modifications to the existing

"h
'" , .~.',.

, ".
" 'r•
. ~'. J.•
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river pattern. A cutoff in a meandering chapnel shortens
channel length, increases slope, and tends to move the
plotting position of the river to the right on Fig. 2.
This indicates a tendency to evolve from a relatively
tranquil, easy to cont:;oolmeandering pattern to a braided
patterns that varies rapidly with time, has high velocities,
is subdivided by sand bars, and carries relatively large
quantities of sediment. Conversely, a slight decrease in
slope could change an unstable braiDed river into a more
stable meandering pattern.

Lane (1957) investigated the relntiol1ship among slope"
discharge and ohannel pattern in meandering and braided
stream, and observed that an equation of the, form

1

SQ4 = K

fits a large amount of data from meanderir,,; sand stre=s.
Here S is the channel slope, Q is the water discharge, ~nd

", !

K is a constant. From his plots, it is seen that when

a sand bed channel will tend toward ,a meandering pattern.
Similarly, when

a river tends toward a braided pattern. Slopes for these
two extremes differ by a factor of ah~ost six.

'.,- ...
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Chapter III

DATA COLLECTION

Sources of Data

All the cross-sections of the river Padillafrom the
confluence of the Ganges-Brahmaputra at GOB-lundo to the
confluence of the Padma-Meghna and a few cross-sections
of the rivers Ganges and Brahmaputra around the confluence
have been collected from the Directorate of River Morphology,
Research and Training of BanGladesh Water Development Board,
Dacca.

Stage-discharge and discharge hydrograph data were procured
from the Directorate of Surface Water Hydrology, Division II,
BWDB, Dacca.

Methods Used by BWDB for Data Collection

Discharge Measurement - The measurement involves measuring
of velocity (at a number of points) and width of water surface
at the measuring station . At the measuring station, the
section consists of water surface width at the top and the
bedcontour at the bottom.

Velocity Measurement by Current Meter - The principles are
as follows (1). If 80 percent of depths are 5.0 ft or greater,
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set meter at 1.0 ft above bottom of weight.

a) Depths 5.0 ft. or greater; read velocity at 0.2 and

co-efficient of 0.86 to get mean velocity in the vertical.

2. If 80 per cent of depths are less than 5 ft. set
meter 0.6 foot above bottom of the weight.

a) Depths 3 ft. or greater, read velocity at 0.2 and 0.8
depths.

b) Depths 1.5 to 3.0 ft. read velocity at 0.6 depths.
c) Depths 1.~ to 1.5 ft. read velocity at 0.5 depth and

apply co-efficient of 0.95 to get mean velocity in vertical.
d) Depths below 1.2 ft. read surface velocity and apply

0.86 co-efficient to get mean velocity in vertical.

3. Measurements with wading rod, on measurement in section
with low velocity (less then about 0.5 ft.) where the meter
can be suspended at the bottom of the hanger bar without a
weigth.

a) Under these conditions the meter can be pleased at 0.2
and 0.8 depth for depths 1.5 ft. or greater.

r
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b) For depths 0.8 to 1.5 ft, set meter at 0.6 depth.
c) For depths 0.6 to 0.8 ft. read velocity at 0.5 depth

and apply 0.95 co-efficient.
d) For depths upto 0.6 ft. read surface velocity and

apply 0.86 co-efficient.

In taking the verticals care shoulrJ.be taken such that
discharge between any two vertical must not exceed 10 per
cent and preferably not more"than 5% of the total discharge.

From site, gauge readings time distance from initial
point to the edge of water, (Initial point may be permanent
or temporary pillar), sounding that notes depth, and 08 of
the total depth of the same vertical line etc. are taken.

If the direction of flow is not perpendicular to the line
of measuring section, it will be necessary to correct ooser.-
ved velocities in order to obtain che perpendicular com-
ponent. For this, measure the horizontal angle of flow Le.,
the angle between the direction of flow and perpendicular to
the section line ,.by some convenient method. The cosine of
the horizontal angle is to be multiplied by the observed
velocity to give the correct velocity.

Horizont8.l angle can "be determined by (1) Magnetic camF:ss
(II) Instrvinents like sextant. Theodolite etc. or (HI) by the
use of a circular paper disc gradw~ted in degrees.
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From the meter rating table the velocity is taken.
For each vertical that necessary infoImations are taken.
This is mainly the field observations.

For discharge measurement average velocity is taken
for "each vertical. Correction if necessary for ,depth,
angle are also made, two verticals ~ake a pock~t whose
width, mean velocity and area can be calculated. Hence-::- '

discharge for each pocket is calculated whose':::j;otaisome
is the total discharge. When total discharge is divided
by total area gives the mean velocity.

This is the main principle adopted by the HydrO:1dgy,,

BWDB, which is followed throughout the year.

_'C

Measurements are taken throughout the year. For da~~y

is taken.

Cross-Section MeasureE18nt - The distance between two C'rbss-
sections are fixed according to the requirement .Q!7~particu-

\, '.

lar project or programme. However, the usual measuiements are'; ,-l,i '. -,

taken at an approximate interval of 4 miles. For locating
one cross-section generally three pemanent monoments
(1 '_0" x 1 '_0") R.C.C. Pillars are placed.

~'..
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The monuments and pillars are fixed in such places
which are considered safe from being eroded. Two of these
are placed on one bank and the third on the other bank.
The location of these pillars are transferred on mouza
maps and the particulars of the owners of land are
recorded. The lines are also drawn with important features.
The pillars are placed in a line having the same be~ring
of cross-section line. The Mouza maps along with the
location of pillars are reduced with the help of pentagraph
to the scale of Thana maps. From the thana maps the latit~de_.

and longitude of pillars are computed. The top of the monUm-
ents or pillars are connected with bench mark. These values a
are used in future survey.

The survey starts from one pillar at one end of cross-
section. The bearing recorded is followed and gnerally'
Theodolite is used to maintain the measurement in aligniri€'5tlt.
Levelling instrument is used to find out the elevation of

land on cross-section. This process is continued upto the
river bank. The same procedure is followed for the o thEir

., .' '"

bank of the river.

,lh ..:....

The survey on river proper requires the help of vesseHf;,
Launches are used in big rivers while country boats are

, .,

.',

..•.
adopted in small rivers. Echo sounder is generally used for
measuring the.depths of water in major rivers while the
lead and rope are used for the same purpose in small streams.
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The survey thl1Sconducted in a particular year hardly
coincides with that performed in previous years. This is
due to personal and instrumental errors and terrestrial
effects. \~en the variation is excessive, the correction
is made by proportionate distribution. Then the corrected
cross-sections are plotted in a special profile paper.
In the profile paper the location of pillars or monoments,
plan of cross-section, and profile of cross-sections are
plotted. The plotting is done, keeping the left bank at the
left edge of the paper.

"
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Chapter IV

RESULTS AND DISCUSSIONS

As mentioned in chapter I, this study concerns mainly
with, the river reach of Padma. Padma is the combined flow
of the Ganges and Brahmaputra from Goalundo to Chandpur •
It is, therefore, necessary to get some information of the
Ganges-Brahmaputra confluence at Goalundo before studying
the actual reach. This chapter is therefore, divided in
two parts such as

1) the Ganges_Brahmaputra confluence at Goalundo.
2) the Padma from Goalundo to Chandpur.

',The Ganges-Brahmaputra Confluence at ~oalundo V
Fig. 4 represents the plan of the Ganges-Brahmaputra

confluence at Goalundo. The rivers in the figure are
represented from approximately 7 miles upstream of their
courses. The original figure showed the banklines of th~
rivers only for 1956 and 1976. Thalweg movement was drawn,
only for the year 1976. The positions of sand bars and
mid-channel islands of 1956 and 1976 were also shown.
Detailing, such as banklines and thalweg movement for the
years 1968 and 1969 have been superimposed from the cross-
sectional details for the present study.
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The Bral:ll'1aputraUpstream Confluence- FroJl1Figure 4 it is
seen that in 1956, the river maintained predominantly a
single channel from the downstream of section J-2, and

.met the confluence as a single channel. There existed a
small mid-channel island in the middle of the course at
section J-2, Figure 4 and it was nearly 4 miles upstream

,
of the present confluence. Gradually this mid-channel
island developed fully and seperated the main river in hro

channels-left and right. In 1968, the mid-channel island
was further developed and was about 2.69 miles 1)pstream
from the present confluence position. In 1969, the island
grew in size and moved downstream. In 1976, the downward
shifting continued with an average rate of about 1800 ft.
per year. In 1968, the divided channels fOrI;)edQ single
channel at section J-l and cut the thalllcg of the Ganges
approxinately 1.5 miles upetream of sectio:'.P-7 as shown
in Figure 4. In 1969 due to the exten,',ionof mid-channel
island, the form'3.tionof single channel was 2.50 niles
more downstream of 1968 position. But on the contrary the
thalweg this time met the thalweg of the Ganges 3 miles
upstream of the previous year. In the year 1976, the two
divided channels could no longer form a single course but
flowed independently and met the thalweg of the Ganges at
two different points, keeping a distance of approximately
4.5 miles between them, So far the thalweg of the river
is conoerned, it follows along the right channel and l'let
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the thalweg of the Ganges upstream of the meeting point
of the left channel. From the cross-sectional details.
Figure 14 through 18, it can be said thnt the right channel
is growing wider and deeper than its counterpart in most
of its cources. This channel also meets the thalweg of the
Ganges upstream of the whalweg meeting point of the left
channel. The phenomenon is quite clear. The Brahmaputra is
a over~loaded river. Every year during rising stage, there
is a huge flow of sediment from the upstream catc~ent area.
But during falling stage, the river can not carry this load,
depositing mainly on the bed, forming sand bars and islands
and braiding characteristics is getting more prominent from
year to year. From engineering point of view, a braided
channel is not wanted and unstable in nature than a meander-
ing channel. Study of sediment control is therefore a very ,
important factor for the Brah~aputra.

The Ganges Upstream Confluence - Figure 19 through Figure 21,
are the cross-sectional details of the river, at sections.
G-l-l, G-l and G-O-l. The Ganges at present predominantly
flows leftwards and meets the Brahmaputra on its extreme
right.

In 1956, the river course was different from the present
position. The river flowed mainly in two courses. Deposition
occurred greatly on the right bank and at the middle.
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In 1968, banklinos were changed. The river was divided

iii. hTo channels 'It section G..1..1 but there weI"'; three

channels at sections G.. 1 L1,ndG-O-1. \:frost Ch'11i.gestook

placE;!of the snnd hal'S that were present in 1956, namely

char Brhaba,nipur, Rekhatgaehhi ,r1ajhail;. Bothun etc. and

some of theD shifted to •.rards hlft as a \;hole as showh iii
';1 ""'" ,I"

Figure 4. The thalwg alignBent follows a mandering pattE;!rn a'1~

swings from right to left. Ii1 1969, the rjver I1P,S divided

in four branohes in sections G-1 and G-O-1. The thalweg

alignment did not follow the path to that of 1968. The sand

bars between seotions G~1 and G-O~1 wore eroded sri the left

side. The sih'liosi ty of thfJ thahmg inoreased ii,ridmet the

thalweg of the Bmlh"'aputm npstrea.i"l of 1968 pOEJiHan.

The river moved leftwerd oonsiderably in 1976, deep

water channel prooeeds along the left ban? with greater

ITwarideringloop than that of 1968 and 1969 9ud meets the

FigUre 4. Heavy deposition of sediment 10Qd took place and the

the mid chnnnel isiands extend8d from section G-1-1 to d01ffi'-

streHm of G-O-1 with 8.. length greQter .i 4 mile,s. The average

widthe of the mid.-channel island •.I8.S moro than two miles.

There existed a shalloYTarid nc,rrow channel of the right of

these islaY1d throughout the .ldngth.
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The Confluence - As discussed above, the Brahmaputra-Ganges
confluence is choked with sand bars, The meeting point is
shifting upstream alo~s the Bra~~aputra from year to year
with total shift of nearly 10:5 niles during 1968 to 1976.
The migrQtionmay be considered due to the moveI:lentof the
Ganges towards left. The confiuence was much narrower in
1956-68 but there has been an abrupt increase in width of
the river Brahmaputra during the period 1968-76 from 1.50
miles"to 7.50 miles affecting an increase of 400 per cent
during a span of 8 years.

The Padma from Goallmdo to Chandpur

A survey of the available cross:-soction shows that the
complete set I)fdata were available 0 "ly Tor the year 1967,
1969, and 1977. Figure 5 represents tho banklines and the
deep ',,[i'terchannels of the reach ::'ortho o.bovoyears. These
data wero superimposed (Figure 5) ,,,hie!".origineJly represented
the banklines of the river, tho posi_tionsof sandbars and
mid-channel islands for 1956 only, cmd Fig=o 6 which shows
the ,erosional and depositional features of the banks and
thalweg movements; has boen derived fro~ this figure. The

VI

shifting of the b~ines in Figuro 6, has boon shown with
respect to the banklinos of 1956.

Shifting of Deep Water Ch~nnel- Looking to FiG~re 6; it is
evident that deep w~ter channel did not follow the saoe path
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every year, It is shifti~ continuously to the left at
sections P-7, P-6 , P-4-1, and P-1 as shown in Figure 6.
At other sections there is no systematic trend. The 1eft-
ward movement is maximum at section P-7 and P-1 with an
average rate of movement being 2700 ft. and 2250 ft.per
year respectively.

In an alluvial river like Padma, the wandering of
thalweg may be considered due to the movement of sand bars
and mid-channel islands. From the discharge hydrograph at
Bhagyakul as shown in Figure 7, it can be said on general
basis that the flow in the Padma has the capacity of shifting 8~d

/
sand bars and mid-channel islands. In the low-water stage,
prior to the passage of the flood, the observation says that
the river is subdivided into several channels, with one of
them generally serving as the main channel and carryin~ a
larger portion of the flow. This channel is commonly situated
near one of the river bank and is slightly curved. With the
onset of the flood, as it happened in the Brahnaputra (Coleman,
1969), the initial reaction of the river is to seek a course
with a little curvature. This may be the reason of the movement
of the thalweg towards the inside portion of the curvature.
During the flood stage which is quite rapid as shown in Figure 7,
the channel naturally may try to widen and deepen to accomodate
the large increase in discharge, As a rule, the bank erodes,
slumping occurs and the thalweg migrates in transverse direction.
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As flood water subsiQes, velocities dioinish and this

rl~"ycause depo,g:ition of excess sedirnnt in one location,

resUltinc a corresponding change in flml dir'3ctiCm and

deependihg by ,scohr ih another loc2,tion. This "tlaY the

thalweG in alluvial ri vcrs buds to w"nc1ercontinu.ously

one position to another within the river banklines.

those of 1956 , it :LS fO\md that the, oovencmt varies from

section to s'eetion ~ 'L'he1':Lvcr is 8hiftin~c t ow,'.rcHl lefto,t

miGrating towards riit,bt at sectJJ'hs P~6-,1, P~5-1 and P-O as

sho'WniIl FigUre 6. Tho over"dls:1tll"l tion shm,s that the.-----
river :L8oscil12tin,Q' left and ri",'ht ''Tithin a 'bend 'of uc"arly

~-'--,' ... "

80'OObfeet.The right bank has tho T18.::d,:r11:U'1 :r'2te of erosion

of 1090 feet per yom' at section:F-6~1 ana J1RXi8UJ'ilrate 'of

de:posi'tion 0.]'853 :feet per year at section P-2 .On the left

bank, these valu.es are 7}2 feet POl'year o.n1 21 feet per

year respectively ~t section P~1 and 1'-0. In nost of the

sections while 'one bank is 'ero<1.ing, the other is deposi tine.

But at sections P~6, P-4 e,nd P•.1~1, the channol is get ting

Variou'S fe,c1;or'S8,re riJsponsi blG foJ" the lateral DigratiQc','

of the river,. The P1aj or factor is the D,ggrad,"-tionof the

Chftllnel beeL•. Whenthe total arnountof serliment provir1eclby
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the catchment of the river far exceeds the ability of the
flow to carry the sediments, there is general aggradation
of the channel bod which causes the channel to become wider

abd shallower. The aggradation constantly naturally causes
the main qurrent to seek better gradients, new alignment
and paths of least resistance., A new channel thus formed is
at first narrow and.deep. VIith time, however , it, too, will
begin to aggradate and the whole process is repeated. In this
manner, the channel is in a state of constant migration, eroding
and redepositing sediment of its own making as well as older
deposits of previous channels. High susceptivility to erosion
of the bed material, the large variability of the flow and
abrupt rise and fall of the river stage may also have strong
bearing on the migration pattern. The constant shifting of
the thalweg also adds to the magnitude and complexity of
deposition and erosion patterns. Sudden flood events, lack of
bank stability and permanence of vegetation and improper
flood plain land use are also responsible for the shifting of
the course.

Thalweg Sinuosity

The thalweg simlOsity of the whole reach are calculated
from Figure 5 for the available years and are presented in
table 5. The values are found to be 1.30, 1.23, and 1.12 for
the years 1967, 1969 and 1977 respectively. Vlhen plotted
these thalweg sinuosities against year in normal scale as
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in Figure 8, n decreasing trend oftha sinuosity with
tirIe is noticed. This may be explained due to the develop-
Jlent of braiding tondency of tho channel.

Development of braiding in the Padna nay generally
be stated due to the dej)osition of sedip,l'lntload ani ts
bed nnd banks form:Lnc:>:bars and islands which flattens the
bed slope upstrea!'1the r.each and increases the value down-.
strea!'1the reach. Velocity increases and the river may
have a tendency to follow more or less shorter course
fOr!'1ingmultiple channels. In a recent study of alluvial
river !'1orphologyin the Jx,borRtory, Kh",n (1971) also ob-
served this fect of br2,iclingdevclopr:18nt.

Thnlwog Sinuosity and Bed Slope - Table 5 also shows values
of sipuosities cnlculated at different points cf the reach.
These are plotted against bed slope in Figure 9 on a sooi-
log paper. Slope is determined in this plot en the basis of
the difforence of elevntion of the two deopest points at two
sections. No systematic trond line or curvE) is dra'i.'TIbut it can b
can be said that sinuosity decreases grailuflllyand the channels
attain steeper slopes.

Thalweg Sinuosity and Channel Shape (win) - The relationship
between thalweg sinuosity and channel shape is shown in
Fi~~re 10. It is seen from the CU~TOS that with the lowering
of thalweg sinuosity, the value of 1;TID (the ratio of surface



..•.

•

28

width to aVclrD.{;edepth) is incr:Jasing Le., the chhlinels

!'\re Doconing vridar s.nel sh2.11oTror. 1:'1I) paper presented to

1\.110 rio [1)1Sooiety of Civil bV.gino,Jrs, Chitale (1970) has

!llso observod the above f2.ots. Bin study inoluded field data

for about 35 Indian rivors and 7 other rivers of AnericCl,

Canada, Cambodia, Africa find Pakistan. He also drew conclu-

~lions that hieher sodiment load c.nd 80".rser bed Material

are associated with wider, sh91101,mrand steep ch",.nne1s.

Padilla in the present case also c~nfir~s this conclusion.

',..--.'~.. "

Thahreg Sirtuosi ty and Thalweg Hoo.nder Shape/U'/MB

!lJeasurenents of meander lengths 1. c., wave length, ML

and widths of m'3ander belt, MBare tab-on frot'l. the thalweg

drawn for different yo.ars, in Figure 5 Q.ndtheso data ara

plotted in Figure 11~ The plot Sh01dSthat an increase of

thnlweg m{)[tnder' shape" Mh/I~.B i,g .;:,-:,ssocint,ed with decrease 'of

thalwegsj,nuosity. In other words, the thah!eg -of Padma is

getting fla:tte:r' f.rom ye'p.x to year., the I,eand'or length, ML

isincreasirie [fnd til& width of neander belt, M.Bis decreasi,lg ..

Theonsorvatioli seon's to be similar' to that of Chit ale :(19'70).

Thalweg Sinu('j),fity~'(n<.1'1'htdwegMerinder .8ize,MB/'1J -Plot of

thalweg sin:uo'sity, LR/IN c'.p;ainst thalweg meann.er si:ze, MB!,'!

is'ShoWli .in :Wigure 1i2.•. On general basis th8 fip:ure repre-sents

'fha't decreas1')' of thalweg sinuosfty c.:cusos d8crease of thalweg

size MB/W v8:i?ifyirtgdhitale's(l970) general observations.
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From the figure it can also be said that thalweg meander
size may remain sa~e from year to year but this does not
me&~ that sinuosity will also have a constant value,rather
the valU" is on decreasing trend. The rate of decrease of
thalweg sinuosity is higher between 1967 and 1969 where
it is ouoh leMer during 1969-77•

Thalwef(Meander length M:L and Average Width of.the Channel

Figure 13 shows the relation between thalweg meander
length mld average wi:'lthof the .channel in log scale,Leopold
and Wolman's observation that meander length varies directly
wi th the vlidth of the channel seems to be valid here. Small
increase in the average width of the ohannel causes a very
rapid increase in meander length. However, the rate of
increase of thalweg meander length is different for different
years. In 1967, from the figure, it can be said that the rate
of increase in thalweg meander length is about 6.0 times to
that of the rate of increase of the average width of the
channel. For the plotted points for 1969, the river does not
show any systematic trend. Data of this period may be con-
sidered of more or less to that of transition type. As the
sinuosity of the thalweg goes on reducing, the rate of,
increase of meander length is also increasing from year to
year as shown in the fitSUrefor 1977. The rate of increase of
meander length for this year is about 10 times to that of the
average width. In short it can be said that the river is getting

••
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wider and the meander length ~s increasing.

stage-Discharge Curves at Bhagyakul

There is only one discharge measuritJE_sJ;_ationthroughout
.- ------ - --(----------the river reach under study ::mdit is at Bhagyakul. Bhagyakul---------------------

is in between sections P-3-1 and P-3 i.e., downstream of
\

section P-3-1 and upstream of section P-3. Theleft bank in
both the sections is almost stable whereas the right bank
is unstable. Changes in the section P-3-1are erratic. In
section P-3, the right bank is eroding since 1967. It is
seen from the cross-section, Fig. 23 that the neep water
channel .in section P-3 is shifting continuously towards
the right due to the movement of sand bars and mid-channel
islands.

The curves shown in Figure 24 for the years 1966-67.
1968-69 and 1976-77 <:iremore or less similar in nature Le ••
an increase of discharge causes the corresponding increase
of stage.

•



Chapter V

CONCLUSIONS

The follOidng conclusions can be drawn from the present
study:

1. The Ganges-Brahmaputra confluence at Goalundo has
substantially migrated upstream. The thalweg meeting
point of the two rivers has shifted nearly 10.5 miles
during 1968-76. The average rate of migration is
approximately 6880 feet per year.

2. There has been an abrupt increase in the width at the
confluence from 1.50 niles to 7.50 miles affecting an
increase of 400 per cent duering a span of 8 years
(1968-76).

3. Near the confluence, the river Ganges moves leftward
considerably in 1976, deep water channel proceeds alc~g
the left bank vii th greater meandering loop and meets the
thalweg of the Brahmaputra upstream of 1969 position.

4. The thalweg sinuosity of the reach is gradually decreasing
from 1.30 in 1967 to 1.12 in 1977 indicating that the
river has a tendency to develop braiding.
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5. Tho froquont wandering of tho thalweg is dUG to great
r:lngnitude of discharge durinc'Sflood antiDovement of
sand bars c.nd!'lid-channelislnnds.

6. The shifting of banklines is errrltic ,"mn. it is due to
a,zgradatien of the channel bed and frequont IT,ovenent
of the thalweg within the river banklines. The maxim=
rates o'Porosien and deposition aro 1100 and 850 feet
per year respectively, both on the right bnnk.

7. The bank to bank distance is gettin~ wider with
for!'lationof !'lid-channelislands and brs at the middle.
This causes shallowing of the river del~th fron year to
year.

i,
8; An increase of thalweg meander shape, ML/MB is associated

\d th decrease of thalweg sinuosity. This [)Dservation
seems to be similar to that of Chitale (1970).

9. A decrease of thalweg sinuosity causes clecrease of
thalweg mennder size, MB/W confirming Chitale's general
observation on natural channels.

10. With ,Small increase in the average width of the channel.,
there is a great increase of thalweg meander length, 111.
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Table I

, .-

Section Year Distance Distance of Distance of right
of deepest left bank bank from left
pt from from left B. N. pillar
left B.N. B.~~.pillar
pillar ft.

ft. ft. ft.

P-7 1968 9000 5500 30500

1968 22000 700 34800
't.. G_O-1 1969 8000 500 34800y

1968 11000 1500 25500
G-1 1969 21500", 1900 25100

1968 11300 800 14500

G-1-1 1969 1200 200 13200

1976 6300 600 100

00 1968 2LfOO 1200 7400
\J:"-, J-0-1

1969 1200 1100 7600
'Q
c::':\ 1968 22700 12000 30500

V-' J-1 1969, 1200 1100 7600

'.. There arc;two channels in the river Brahmaputra.
, Section Years Distince Dis- Distance Distance Distance--r' of deepest tance right bank of left of right

point froIllof left from left bank from bank from
left B.N. bank B.N.pill- left B.N. left B.M.
pillar from left ar pillar pillar
Left..Right B.M.pill-
cha- cha- ar, ft. ft. ft. ft-.
nnel nnel

J-1 1969 13100 ' 22800 11300 18000 19200 2'8500 '-'.:'"

1968 2800' 18500 2000 4500 12200 20000 --
J-1-1

1969 2900' 20500 2100 3900 11800 21700

1968 20900' 30200 19500 21200 25700 34000
J-2

1969 20200 31400 19200 21200 26000 35200
,.•.

19906,,\
J-2-1

1968 12200 19500 6100 14000 17400 ...•
1969 8700 18500 5600 14500 17400 20100
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Table 2
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Table 2 (Continued)

Section Years Eleva- Distance CumUla- Distance Distancetion of of deepest tive thal- of the of thedeepest point from weg length left bank right bank
foint the left starting from left from leftP.W.D. B.M.pillar from sec. B.M.pillar B.M.pi:llardatum) p-7 .. '

in ft. in ft. in ft. in ft.

1977 -23.0 4010 148037 1100 31(00
f P-3~1 1969 -49,0' 1114 176777 1100 32000,~

1967 -57.5 28000 165026 1300 29300
1977 -52.0 19650 169758 10200 20500

,P~3 1969 -58.0 11465 206852 10000 17500
1967 -107.65 12500 194768 10300 17()OO

1977 -30.5 5581 193150 800 13500
P-2-1 1969 -47.5 5347 225565 900 320QO

1967 -34.0 7000 213192 700 31200

'.,.'
1977 -22.4 13869 203843 1200 26200 ...

P-2 1969 -47.5 17211 236927 8200 33000
1967 -42.0 10600 227010 8200 33000

, 1977 -28.0 5848 222556 1300 45000'"'
P-1-1 1969 -34.3 2506 259316 2000 44000 '

1967 -32.0 11200 245434 2500 43000

1977 -37.0 21054 239659 800 ,40400
P-1 1969 -53.7 36,~27 282708 14500 50900

1967 -37.0 44600 268464 1..l700 45500

1977 -30.7 49~6 26998 500 39700
P-0-1 1969 -34.3 33620 308439 500 36500

1967 -45.0 18000 315050 800 35500
1977 -21.5 33319 307680 24900 55644p-o 1969 -53.7 26067 338514 25500 51000' ..

1967 -33.0 33800 355320 27500 51567

____ ~ __ ••• _ • .0.....__ , _.',
.

.' _"_,_l_~ .....".,.'Co'.-
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Table 3 (Continued)

,
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Table 3 (Continued)

Right Bank Left Bank

Sec- Years Cumula- Erosion Deposi- Cumula- Erosion Deposi-
tion tive bank (ft.) tion tive (ft.) tion

lengths . (ft.) bank (ft.)
(it.)from.•" lengths

.p-7 from
t

fl-7
'"'

1977 6183 15373

P-1 1969 4010 5314
1967 1337 1404
1956 262410 251488 ,,'

1977 4812 668

p-0-1 1969 7687 668
1967 7856 501
1956 287414 276492
1977 12700 441
1969 795~, - 4812

P-I,;--;\ 1967 8690 6918
, 1956 313734 306002-

..,..
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Table 4

Rir:ht B'1Dk Left Bonk
Se~tion Rates of Rates of

Erosion Depositj_on Erosion Derosition

P - 7 234 210
6 - 1 1090(Max) 10
6 519 358
5 - 1 597 13

t 5 271 453 .'*
4 - 1 342 453
4 800 92
3 - 1 . 684 06
3 377 19
2 - 1 764 119
2 853 (Max) 441(J1'Iax)
1 - 1 446 113
p - 1 294 720(Hax)
P-0-1 229 3.2
P - 0 605 21
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Table 5

Years Range I,R IN Thal- Thal- Ditf. Slope LR LV LR/IV
of see-(Ciii)(Ciii) weg weg of (ft/ft) from from
tions sinu- length eleva- p-7 p-7
over osity, over tion' to to
whieh =LR/LV the (ft. ) rO p-O
measu- range em) (em)
rements' (it. )
are
taken

l' P..,.7.to'-.+-' ,2.9X10-4p:6 27.94 26.49 1.05 36758 10.7
P':'6t049•53 42.86 1.15 61821 8.2 -4
P-4-1 1.3x10

, P-3 t036•83 1•4x10-4233.8t9J7 32.18 1.14 4511 3 6'5 208.5 1.1 2
P-2-1 ' .:'.,~

ti to22•00 21 .00 1.05 35816 14.6 4x10-4

1;:'1'1 to50•00 40.00 1.25 61835 15.5 2x10-4
P'"-I~..~

, P-5 t03O•48 46.49 1.15 45113 78.19 1.7x10-3P-4-1
P-4-1 to 29.50 3.1 x10-4257 .()208. 51969 P-3 73.66 56.18 1.31 93569. 1.23
P-3-1 to

1.

\
P-2 44.45 41.24 1.07 60151 30.00 5x10-4

.,. ~=fto31•50 1.7x10-423.68 1.33 45782 7.70~=~~o47.80 38.70 1.24 68958 25.0 3.6x10-4~=~to52•20 41.80 1.25 68432 77.65 -3 1.301.1x10 ,271.0 208.5
1'96f ~=~t021.5020.00 2x10-31.08 32242 65.65

P-2 to65•00 43.80,1 .48 88040 3.00 3.4x10-5P-0-1 .: !

)
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Table 7

Years Range of Thal- Thal- Thal- Aver- Thal- Thal-
sections weg weg weg age weg me- weg
over sinuo- meander mean- width ander mean-
which sity length, der of the shape der
measure- LR/LV ML,(Ft.)width, chann- MI,/MB size
ments are I'IB el(Wj MB/1,I1
taken (ft .) . (ft. ..

f P-7 to•• P-6 1.05 47508 6975 21451 6.80 0 .••33

1977 p-6-1 to 1.15 73696 16845 25267 4.37 0.67
P-4-1
P-2 to 1.05 35786 2630 23012 13.60 0.11
P-1

P..•5-1 to 1.23 85540 28162 22767 3,04 1,~24
1'.,.3-1

1969 P-3-1 to 1.08 53J,30 11186 31387 4.78 0.36
P-2-1
P-2 to 1.26 84224 18{~24 25004 4.57 0.74p-o
p-6.to 1.06 54482 605i~ 22000 9.0 0.28
P.,.4-1
P-3 to 1.11 ,4-2112 5922 26660 7.1 0.22
P-1-1
P-2 to 1~62 7764!f 34874 28350 2.22 1.23.
P-O


	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071

