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ABSTRACT

~ This study is concerﬁed with the erosional character-
istiecs of the river Padmé from the confluence of the |
rivers Ganges-Brahmaputra at Goalunde to the confluence
of the Padma-Meghna near Chandpur with a reach length of

65 mileg.

Field data collected by Bangladesh Water Development
Board.have beén gtudied, analysed and prominent morphologi-
cal features have been found out. o

It has been.observed that the Ganges-Brahmaputra 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 yeaf. The reach concerned thus has a ten-
dency of approaching towards braiding characteristics.

The bedlslopes 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 masmitude of
discharge during flood and movenent 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 maximum rate of deposition is about

850 feet per year, both occuring on the right bank.
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Chapter I

INTRODUCTION

General

From ancient times to the present days a2lluvial rivers

—

have been playing a msjor role in human activities. The river

"

fiood plains were the early agricultural sfforts and human
habitation:. The river routes for travel and trade are as
0ld as civilization. The present civilization probably is
making more of its uses than any in the pasgt, either in

the form 6f irrigation, generation of power, domestic water
supply, transportation of gocds to market or refuse to the

Sel,

However, alluvial rivers 2lso cause tremendous problems

-

to man. An occassional flooding of the lowlands refertilizes
the soil and may be beneficial under pristine conditions,

but such flocodings frequently bring disastrous logs of crops,
destruction of ‘engineering works, and less of life. As 3
result attempts are made %o contrel the rivers so that flood
damages are reduced and dependable navigation channels aré

maintained., However, before a river can be controlled it

should be studied in sufficient detail so that its response

to the controls can be aﬁticipated.
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HKivers flowing in alluvial materials, under a given
set of elimatic, hydrologiec, geologic, and geomorphic
conditions, exhibit a similarity of pattern and shape that
implies cause and effect relations. It isEOf course, very
important to understand the behaviour of rivg;s under diverse .
gqnditions and to identify the complex ana‘inferdependéﬁt
?ériables which are responsible for the geomqrphiq and
hydraulic character of a stream. However, the néféré'of'é
change of river character may be clearly apparent.fo the
trained observer the reasons therazfore often are :Obscure
or, if suspected can not be proved. This is bééause there
are many interdependent variables influencing a river and
rarely can one be isolated and its effects studied. For
example, Lane (1957) stated that "There is nearly infinite
variety in stream forms, if congidered in details. No gtream
is exactly like any other stream and no pert of any stream
is l1like any other part of the some stream™. This is bécausé
stream channel forms are the result of 2 grent many ﬁ@gﬁoré
and the same combination of these factors is never eiaqﬁiy'
repeated. However, stream channel forms and shapes are?théff'
result of physical laws and if the conditions contrdlli#g i
the shape of any part of a stream were exactly reprodﬁgéd;‘

the same form of a stream would result.
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Variabl .s 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 sfreams are: (1) stream discharge,
(2) siope, (3) sediment load, (4) resistance of banks and
bed to movement, by flowing water, (5) vegetation, (6) tém—r
perature, (7) geology, and (8) works of man. Undoubtedly,
other factors are involved, but Lane believed these eight o
to the major. They are not all independent, however, as N
many depend to & great or less extent on the others.The"
interrclation between slope, sedimeht load. and resistanéé
of the banks and bed to movement is particularly close and

complex.

Simons (1970) stated that "variables affecting alluvial
channel forms are numerous and inter-related. Their naturéy;
is such that, unlike rigid boundary hydrdﬁlic probléms; iéw“
ig not possible to isolate and study the role of an indivi-
dual variable“.'&br example, if one attempts to evaluate |
the effect ofqincreasing channel depth on the éﬁerage velo-

éity, additional related variables respond to the changing

depth Similarly, not only will the velocity respond to the

change in depth but also the form of bed roughness,the

L4
-




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 alluvial channels and the response of channel geometry
is not as well understocd and explained zs many other areas

of fluid mechanics ond hydraulics.

Simons (4970) gave the list of most important variables

which influence the geometry of river chaonnels. That list

~includes the following variables:

18D, 8,,E4,Cql =0 (1)

? i_v’ DpS’ :0;,«""? 2, ds"?’: .!""?3: 9Sp

in which
V = Velccity,
D = depth,
S = slope of energy grade line,
~ = density of waterwsedimént mixture,
4 = apparent viscosity of water-sediment nmixture,
g = gravitional constant,
d = representative fall diameter of the béa”mdterial,
- = gradation of bed material, |
= dengity of sediment,
S_= shape factor of the particles,
= shape factor of the reach of the stream,
S = shape factor of the cross .section of the stream,

f = seepége force in the bed of the stream, and

= Concentration of bed-material discharge.




The majority of these variablegs were discussed in
the analysis of forms of bed roughness by Simons and

Richardson (1962).

Using V.D and /A as the repeating variables and

applying the Pi—theorem

a f
o, . L& o 5 s o=
4’; LS! A4 ] \[Tg‘i)’ .D y Ny = L] SP’SRgsC’ PVZ ,cﬂ— 0 (2)

Bquation 2 gives the list of the nondimensional parameters
which are important in the gtudy of alluvial river character-

igtics.,

Objectives

This study attempts to know the probable behaviouf of
the river reach of the Padma for a reach length of 65 miles
from the confluence of the Ganges—Brdhmaputra at Goalundo N
o the confluence of the Padma-Meghna near Chandpur. The
erosional pattern of the river reach, its migrating tendgncﬁu
snd direction of movement, formation and movement of sgndr
bars and mid-channel islands on its bed, has beeq}sfﬁdiea
and.analysedf“Tﬁié“%yﬁé'5f systematic study for the predic—
tion of the morphological behaviours of rivers is verf‘impor~
tant for rivers like Padma. The river influences gréa%ly
the socio-econonic pattern of 1ife of the country.'It,isrnot
only one of the typica;ly great rivers of Bangladeshqufl

also one of the major rivers of the world.




The nmain objectives of this research are as follows:
2. to investigatc the shifting and erosional

characteristics of the river Padma.

b. to study the morpholegical changss of the river

frem year to year.

c. to study the morphological behaviours of the C

‘ Ganges-Brahmaputra at the confluence.




Chapter 1II

RIVER PATTERNS

By river pattern is meant the configuration of a
river as viewed on a map or from the air. River patterns.
are norrmally 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 times the

channel width.

Meandering rivers shcw more or less regular inflections:
in the directions of the channel and are guite sinuous in

plan.

Braided rivers are those marked by successgive divisions

and rejoinings of the flow around alluvial islands.

It should, however, be borne in mind that 211 channel
forms in the field are not coveréd_by these three categories
and this classification is not comprehensive. For example,
the distinguishing characteristic of a braided stream is

the interlacing of ite multiple channels. On the otherhand,

the distinguishing characteristic of 2 meandering channel
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is a sinuous alignment. Thus, whereas the termg straight
and nmeandering refer to direction, braiding refers to

multiplicity of channels.

Straight River

A straight river is.one that does not display a sinucus
course, Leopold and Wolman (1957) pointed out that very
few streams are completely straight for any appreciablie
distance. Although a stream may have relatively straight
banks, its thalweg,'is usually sinuous, Fig. IB. Thus there
is no simple distinction between a straight river and a

meandering river.

The ratio of channel lenzth to down valley distance is

often used as & basis for distinguishing between meandering

and straight rivers. This ratio, called sinuosity, varies

in rivers from a velue of unity to 2 value of about 3 cr
more. Leopold, Wolman and Miller (1964} arbitrarily used

a sinuousity of 1.50 as the division between meandering and
straight rivers. Nevertheless a river with a sinuwosity of
sinuosity of 1.25 or greater would be considered to be

meandering by most observers.

Braided River

A braided river is generally wide with poorly defined

and unstable banks, and is characterized by a steep,shallow




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 gquasiequilibrium among discharge,sediment lozd and
transporting ability. They also stated that braiding does.
not necessarily indicate an excess of total load. Lane (1957)
concluded that there are two primary causes that may be r
regponsible for the braided condition: (1) over loading
i.e., the stream may be supplied with more sediment that

it can carry and part of it mey be deposited, and (2) steep
g8lopes causing a wide, shallow channel, in which bars and

islands readily form.

Either one of these two causes alone may be responsiblé
for the braiding pattern, or they may both be acting to
caugse it. If the channel is overlosded with sediment,, -
deposition occurs, the bed aggrades, and the slope Sf thé
channel increases in an effort to maintain a graded Zondition.
Ag the channel steepens, the veloclity increases, multipie
channels develop and cause the cverall chammel gsysten to
widen. The multiple channels, which form when bars of sedi-
ment accunmulate within the main channel, are gencrally 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




at low flow bars form which become stabilized, forming
islands: In general, then, 2 braided channel has a steep
siope, a large b:d materisl load in comparison with its
suspended load, and relatively small amounts of silts and
clay in the bed and banks. The braided river is difficult
to work with in that it is unstable, chenges its alignment
rapidly, carrics large quaentities of .gediment, is very wide
and shallow even at flood flow and is in goeneral tnpredict-

able.

Meandering River

A meandering stream is one that consists of alternating
“}égds, giving an S-sghape apnearance to the plaﬁ:#igﬁ_gf

. the river, Fig. IC. More precisely, Lane (195Y) c?ﬁcgéged
that a meandering stream is one whose channel alighmént con--
sists prihbipally of proncunced bends, ths shapes of which
have not been determined predominantly by the varyingnnature
of the terrain through which the channel passes. The meander-
ing river consists of a series of dcep pcols in the bends
and shallow crossings in tha: short straight reach connecﬁm
ing the bendsf The . thalweg flows frem a pool through a
crossing to the next pool forming the typical S»cur#e of o

single meander loop.

As shown schematically in Fig. IC, the poolsjténd to

be gomewhat traingular in section with point bars located
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character of a given stream from meandering to braided or -

11

on the ingide of the bend. In the crossing the channel
tends to be more rectangular, widths are greater and
depths are relatively shallow. At low flows the local
slope is steeper and velocities are larger in the crosse

ing than in the pool.

The Continuum of River Patterns

Because of the physical characteristics of straight,
braided and meandering streams, all natural chdnnel 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 variébles whose range in nature is continuous,
one should ﬁqt'ﬁe surprised at the existence of a complete

range of chammel patterns. A given reach of a river, then,

may exhibit both braiding and meandering, and alteration

of the controlling parameters in a2 reach can change the

vice-verga,

A number of studies have guantified this concept of a
continuum of channel patterns. Khan (1971) related sinuosity,
slope and channel pattern, Fig. 2. Any natural or artificial |

cﬁange which alters channel slope such as the cutoff of a

meander-loop, can result in modifications to the existing
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river pattern,‘a cutoff.in a meandering channel shortens
channel length, ircreases slope, and tends tc move the
plotfing position of the riﬁer to the right on Fig. 2.
This indicates a ftendency to evolve from a relatively
tranquil, easy to control meandering pattern to a braided
patterns that varies rapidly with time, hag high velocities,
—~ is subdivided by sand bars? and carries relatively large
quentities of sedimant. Conversely, @ slight decrease in
slope could change an unstable braided river into a more
stable meandering pattern.
Lane (1957) investigatéd the relationship among slope,,
discharge and channel pattern in meandering and braided

gtream, and observed that an equation of the Torm

4
SQ* =K (3)
fits a large amount of data from meanderin: sand streams.
sk Here 5 ig the chanrel slope, § is the water discharge,?qnd

K is a constant. From his plots, it is seen that when
sqt =.0017 (4)
& sand bed channel will tend toward a meandering pattern.
Similarly, when
i
SQ* =.01 - . (5)

a river tends toward a braided pattern. 3Slopes for these

twe extremeg differ by a factor of almogt six.




Chapter III

DATA COLLECTION

Sourceg of Data

A1l the cross-sections of the river Padma from the
confluence of the Ganges—Brahmaputra at Goalundo to the
confluence of the Padma-Meghna and a few croés—secticns
of the rivers Ganges and Brahmaputra around the confluence
have been collected from the Directorazte of River Morphology,
Regearch and Training ¢f Bangladesh Water Development.Board;

Dacca.

Stage-discharge and discharge hydrograph data were procured
from the Directorate of Surface Water Hydrolozy, Division II,

BWDE, Dacca,.

Methods Used by BWDB for Data Collection

Discharge Measurement - The measurement invoelves measuring

of velocity {(at 2 number of points) and width of water surface
at the measuring station . At the measuring station, the
section consisgts 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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get meter 2t 1.0 ft above bottom of weight.

a) Depths 5.0 ft. or greater, read velocity at 0.2 and
0.8 depth.

b) Depths 2.5 to 5.0 ft. read velocity at 0.6 depth.

¢) Depths 2.0 to 2.5 ft. read velocity at 0.5 depth and
apply co-efficient of 0.95 to get mean velocity in vertical.

d) Depths below 2.0 ft, read surface velocity and supply

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.

¢) Depths 1.2 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 veloéity 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 4$he 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 depthe 1.5 ft. or greater.
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b) Por depths 0.8 to 1.5 ft, set meter at 0.6 depth.

¢) For depths 0.6 to 0.8 ft. read velocity at 0.5 depth
and apply 0.95 cc-efficient.

d4) For depths upto 0.6 ft. read surface velocity and

apply 0.86 co-efficient.

In taking the verticals care should be taken such that
discharge between any two vertical must not exceed 10 per

cent and preferably not more than 5% of the total discharsge.

From site, gauge readings time distance from initial
point o the edge of water, (Initial point may be permanent
or temporary pillar), sounding that notes depth, and 08 of

‘the total depth of the samée vertical line etc. are taken.

If the direction of flow is not perpendicular %o thé”liﬁe
of measuring section, it will be necessary to cbrrect 6Bser~
ved velocities in order to obtain the perpendiculér“com; -
ponent. For this, measure the horizontal angle of flow i.e.,
the angle between the direction of flow and pérpendicular to
the section line, by some convenient methed. The cosine of
the horizontal angle is to be multiplied by the observed

velocity to give the correct velocity.

Horizontal angle can be determined by (1) Magnetic oampﬁgg
(I1) Instruments like sextant. Theodolite etc. or (III) by *he

use of a circular paper disc graduated in degrees.
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From the meter rating table the velocity is taken.
For each vertical that necessary informations are taken.

Thig is mainly the field observations.

Por discharge measurement average velocity is taken

4o soach vertical. Correction if necessary for depth,

angle are also made, twWo verticals nake a pockef Whose
width, mean velocity and area can be calculated, Hetce
discharge for each pocket is calculated whoseiﬁptai sone
is the total discharge. When total discharge 1s divided

by total area gives the mean velocity.

This is the main principle adopted by the Hydr@iégy,

RBWDB, which is followed throuzhout the year.

Meagurements are token throughout the year, For daily

discharge rating curves are drawn, from where peak discharge

ig taken.

Cross-8ection Measurement - The distance between two Cross-

sections are fixed according to the regquirement of a particu-
lar project or programme. However, the usual measu;b@ents are
taken at an approximate interval of 4 miles. For locating —

one cross-section generally three permanent 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 onelbank 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 game bearing
of crogss-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 1atitudé-
and longitude of pillars are computed. The top of the monuin~
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 alignﬁ@ntq
Levelling instrument is used to find out the elevation of
1and on cross-section., This process 1s continued'upto the -
river bank. The same procedure is followed for the,ﬁ%hgi

bank of the river.

The survey on river proper requires the help of vesseigii
Taunches are used in big rivers while country boats are
adopted in small rivers. Bcho sounder is generally used for

measuring the. depths of water in major rivers while the

lead and rope'are used for the same purpcse in small streams.
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The survey thus conducted in a particular year hardly

coincides with that performed in previous years. This is

due to personal and instrumental errors and terrestrial

effects, When the variation is excessive, the correction

is made by proporticnate distribution. Then the corrected
eross-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.




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 Goalunde to Chandpur.
It is, therefore, necessary to get some informétion of the
Ganges-Brahmaputra confluence at Goalundo before gtudying
the actual reach., This chapter is therefore, divided in
two parts such as

1) the Gangeszrahmaputra confluence at Goalundo.

2} the Padma from Goalundo to Chandpur.

>

- The Gangeg-Brahmaputra Confluence at Goalundo L///

fig. 4 represents the plan of the Ganges-Brahmaputra
‘confluence at Goalundo. The rivers in the figure are
-représented from approximatelyLT miles upstream of their
courses. The original figure showed the banklines of fhg
rivérs 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 Brohmaputra Upstream Confluence - From Figure 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-chamnel island in the middle of the course ot
section J-2, Figure 4 and it was nearly 4 miles upstream
of the present confluence. Gradually this nid-channel
island developed fully and seperated the main river in two
channels-left and right. In 1968, the mid-channel island
wag further developed and was zbout 2.69 miles wpstream
from the present confluence positidn. In 1969, the island
grew in size and moved downstream. In 1976, thé downward
shifting continued with ar average rate of about 1800 ft.
per year‘ In 1968, the divided chamnels formed = single
channel at section J-1 and cut the thalveg of the Ganges
approximately 1.5 miles upstream of seétior.P—? as shown
in Figure 4. In 1969 due to the extension of mid-channel
island, the formation of single channel was 2.50 miles
more downstream of 1968 position. But on the contrary the
thalweg this time met the thalweg of the Ganges 3 miles
upstrean of the previous year. In the year 1976, the two
divided channels could no tonger form a single course but
flowed independently and met the thalweg ¢f the Ganges at
two different points, keeping = distance of approximately

4.5 miles between them. So far the thalweg of the river

is concerned, it follows along the right channel and met
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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 that 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 gquite clear. The Brahmaputra is
a over<loaded river. Every year during rising stage, there
ig a huge flow of sediment from the upstrean catchment 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 Brahmaputra.

The Genges Upstream Confluence - Figure 19 through Figure 21,

are the cross-sectional details of the river, at sections,
G-1~1, G-1 and G-0-1. 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

rposition. The river flowed mainly in two courses. Deposition

occurred greatly on the right bank and at the middle.
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F : Tn 1968, banklines were changed. The river was divided
ih two channels 2t section G-1-1 but there wers three
channels at sectiong G-1 and G-0-1, uwrezt chaliges toodk
place of the sand bars that were present in 1956, namely
¢har Brhabanipur, Raokhstgachhi,Majrail, Bethun stc. and
gome of thenm shifted towards left as a whole as showh ifi
‘?igﬁQé a. 5ﬁe %ﬂalgég éliéﬂﬁénf %o11ows a mééﬁdering pattern and
swings from right to left. Tn 1969, the river was divided
in four branches in sections G-1 and ¢-0-1. The thalweg
aligniient did not follow the path to that of 1968, The #&and
bars between ssctions G-1 and G-0-1 were éroded na the left
gide., The sihuosity of the thalweg incressed and met the

thalweg of fthe Brahmaputra upstrean of 1068 position.

The river moved leftward considerably in 1976, deed
#atér channel procceds along the left ban- with greater
noandering 1oop than that of 1968 and 1969 and mects the
thalweg of the Brahmaputrz upstream of 1969 position,
Figure 4. Heavy deposition of sediment load %ock place and the
the mid channel isiands extended from section G-1-1 6 down-
stréam of G-0-1 with 2 iength greater 14 milss, The average
ﬁidthiof_the mid-channsl island was more than two miles.

Thore existed a shallow and narrow channel cf the right of

thege island throughout the lzngth.
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The Confluence -~ As discussed above, the Brahmaputra-Gaenges

confluence is choked with sand bars. The mecting point is
shifting upstream 2long the Brahmaputra from year to year
with total shift of nzorly 10,5 miles during 1968 to 1976,
The migration may be considefed due to the movemeht of the
Ganges towards left, The-cohfiuence wes ruch narrower in
1950—68 but there has been an abrupt increase in width of
the river Brahmaputra during the period 1968—76 from 1.50
niles to 7.50 miles affecting an increase of 400 per cent

during a gpan of 8Ayears.

The Pzdma from Goalundo to Chaﬁdmuﬁ

A survey of the available cregs-sccticn shows that the

complete set of data were available only for the year 1967,

1969, and 1977. Figure 5 represents the banklines and the

deep wuater channels of the reach for the above years. These
, data were superimposed(Figure SYywhick originally represented
vy ‘
the banklines of the river, the positions of sand bars and
mid-channel islands for 1956'on1y, and Fisure 6 which shows
the erosional and depositional feamtures of the banks and
thalweg movements; has been derived from this figure. The
shifting of the bgklineé in Figure 6, has been shown with

respect to the b= nkllnes cf 1956.

Shifting of Deep Water Chennel - Looking %o Figure 6, it is

| evident that deep water channel 4id not follow the same path
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every year, It is shifting continuouslj to the left at
sectiong P-7, P-6 , P-4-1, and P-1 as shown in Figure 6.
At other sectioms there is no systematic trend. The left-
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 resbectively.

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
basig that the flow in the Padma has the capacity of shifting saﬁd
sané bars and mid-channel iglands. 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 carrying a
largsr portion of the flow. Thig chamnel is commonly situated
near one of the river bank and is slightly curved. With the
onset of the flood, as it happened in the Brahmaputra (Coleman,
1969), the initial reaction of the river is to seek a course
with a2 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 occurg and the thalweg.migrates in transverse direction,




R

25

As Flovd water subgides, velocities diminish and this
riby caunge dGeposition of excéss sediment in one location,
resulting a corresponding ¢hange in flow dircction and

deepending by scour ih anotller locotion, This way the

thalwes in alluvial ¥ivers tends to wrnder continudusly

from sne position to ancther within the river banklines.

Tinberal Movewent of Bank - Comparing bank lings of 1977 with

these ©of 1956,‘it_is found that the movement variss from
séction to section, The river is shiftins towords left ot
seotions P=7, D, Fedmi, Po2-1, P-2 and P-1 while it is
mipgrating towards right at ssctions P=6-1, P=5-1 and P-0 as
shown in PFigure 6. The overall situntion shows that the

P i
river is oscilloting ieft and right within 2 bend of nearly
———— ‘ : - ‘

80000 feet. The right bank has the mazxirmun rate of erosion
of 1090 feet pey yeoar at sechion Fwb-1 and maximum rate of
depositicn of 853 teat per yoor at section F-2. On the left
bank, these values are 732 feet per year and 21 feet per
year respectively nt section P=1 and P-0. In nogt of the
sections whilc cne bank ie eroding, the other ig depositing.
But at sectiong P~6, P-4 and P=1+1,the channel is zebting

wider, eisnifying ercsion on beth the banks.

Various fastors are responsibile for the lateral migratisn

(s

of tne river. The major facitor is the aggradation of the
J 5 &

chennel bed. When the total amount of sediment provided by




26
the catchment of the river far exceeds the ability of the
flow to carry the sediments, there is general aggradation
of the channel bed which causes the channel to become wider
abd shallower. The aggradation constantly naturally causes
the main current to seek better gradients, new aliesnment
and paths of least resistance., A new channel thus formed is
at first narrow and;deep. With time, however, it, too, will
begin to aggradate and the whole process is repeafed. In this
manner, the channél ig in a state of constant migration, eroding
and redepositing sediment of its own making as well as older
depogits of previous channels. High suscepbivility to erosion
of the bed material, the large variability of the flow and
abrupt rise and fall of the river stage nmay also have strong
bearing on the migration pattern. The constant shifting of
the thalweg also adds to the magnitude and complexity of
deposition and erogion patterns. Sudden flood events, lack of
bank stébiiity and permanence of vegetation and improper
flood piain lznd use are also responsible for the shifting of

the course.

Thalweg Sinuositx

The thalﬁeg sinutogity of the whole reach are calculated
from Figﬁre 5 for the available years and are presented in
table §, The values are found to be 1.30, 1.23, and 1.12 for

the years 1967, 1969 and 1977 respectively. When plotted

5. thege thalweg sinuositics against year in normal scale as
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in Figure 8, a decreasing trend of the sinuoesity with
time is noticed. This may be explained due to the develop-

ment of braiding tendeuncy of the channel,

Development of braiding in the Padma may generally
be stated due to the deposition of sediment load on its
bed and banks formine bars and islands which flattens the
bed slope upstream the reach and increasges +the value down-
stream the reach. Velocity increasss and the river may
have a tendency to follow more or lesg shorter course
forming multiple channels. In a recent ghudy of alluvial
river mcrphology in the 1éboratory9 ¥han (1971) also ob-

gerved this fact of braiding development.

Tholwegz Sinuosgity and Bed SlOpQ - Tablé 5 also shows values
of sinuositiéé calcwlated at differcnt peints cof the reach.
These are plotted =z2zainst bed glope in Figure 9 on a seni-

. : log paper. Slope is detéjnined in this plot on the basgis of
the difference of elevation of the Hwo deepest pointes at two
gectiong., No systematic trend line or curve is drawn but it can b
can be said that sinuosity decreases gradually and the channeles

attain steeper slopes.

Thalweg Sinvosity and Channel Shape (W/D) ~ The relationship

between thalweg sinuosity and channel shape is shown in

Figure 10, It is seen from the curves that with the lowering -

g
&

of thalweg sinuosity, the velue of W/D (the ratio of surface
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width to averape depth) is increasiﬁg i.e., the chaninels

are beeconing wider and shellicwer. In o paper presented to
inerican Sooiecty of Civil Engincors, Chitale (1970) has

algo observed the chove facta., His study included field ds=ta
for about 35 Indian rivers and 7 other rivers of America,
Canada, Conrbodia, Africa and PaXistan., He also drew conclu-
sions that hisher sediment lozd and conrser bed material

are associated with wider, sheallower and steep channels,
Podmz in the present cage nlso confirms this conclusion,

Thalwegz Sinucsity and Thalweg Meander Shape,ML/MB

Measurenents of meander lengths i.e., wave lengbth, ML

1

and widths of msander belt, MB are taken from. the thalweg
drawn for different yearsg, in Figure 5 ond these data are
rlotted in Figure 11+ The plot shows that an increase of
thalweg meondaer ghape, ML/MB is associnted with decrease of
thalweg einuosity. In other words, the thalwez of Padma is
getting flétﬁé?‘ﬁrom-year to year; the meander length, ML

is increaging =@nd tone width of neander belt, MB is decreasing.

The observaticr seems to be similar -to that of Chitale {1970).

Thalweg Sinudsity and Thalwez Meander Size, MB/W - Plot of

thalweg sinud€ity, LR/LV ceainst thalweg meander size, MRB/YW

ig whown in Figure 12. On general basis ths fisure represents

that decrease of tHdlwes sinnosity couses decrease of thalweg

size MB/W végifying“@ﬁi%ale's {1970) general obgervations.
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From the figure it can alsc be said that thalweg meznder
size may remain same from year to yvealr but this does not
mean that sinuosity will alsc have a constant value,rather
the value is on decreasing trend. The vate of decrease of
thalweg sinuosity is higher between 1967 and 1963 where.

it is nuch lower during 1969-77.

Thalweg Meander length ML and Average Width of the Channel

Figure 13 shows the relation between thalweg meander
length and average width of the.channel in log scale, Leopeld
and Wolman's observation that meander length varies directly
with . the width of the channél seemns to be valid here. Small
increase in the average width of the channel causcs a very
rapid increase in meander length. However, the rote of
increase of thalweg meander lensgth 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 plotied points for 1969, the river does not
show any systematic trend. Data of this period may be con-
gidered of more or lesgss to that of tranéition type. As the
sinuvosity of the fhalweg goes on reducing, the rate of
increase of meander length is also increasing from year to
year as shown in the figure for 1977. The rate of increase of
meander length for this year is about 10 times tc that of the

average width. In short it can be gaid that the river is getting

E Y
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wider and the meander length is increasing.

Stage-Pischarge Curves at Bhagyakul

There is only one discharge gggggzing_sjation throughout

t&_gﬁx@w@ and it is at Bhegyakul. Bhagyakul
is in betwe?n sections P-%-1 and P-3 i.c., 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 crratic. In
section P-3, the right bank is eroding since 1967. It is
seen from the cross-section, Fig123 that the deep water
channel_in gection P-3 is shiftinsg 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 are more or lecsg similar in nature i.e.,

an increage of discharge causes the corresponding increase

of stage,




'Chapter v

CONCLUSIONS

The following conclugions can be drawn from the present

study:

1.

2o

The Ganges-Brahmaputra confluence at Goalundo has
subgtantially migrated upstream. The thalweg meeting
point of the two rivers has shifted nearly 10.5 miles
during 1968-76. The averazge rate of migration is

approximately 6880 feet per year.

There haos 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 duvuering a span'of 8 years

(1968-76).

Near the confluence, the river Ganges moves leftward
congiderably in 1976, deep water chammel precceeds along
the left bank with greater meandering loop and meets the

thalwez of the Brahmaputra upstream of 1969 position.

The thalweg sinucsity of the reach is gradually decreasing

from 1.30 in 1967 to 1.12 in 1977 indicating that the

river had a tendency to develop braiding,




32

5. The frequent wandering of the thalweg is due to great
magnitude of discharge during flcod and movement of

gand barg and mid-channel islands.

6. The shifting of banklines is errntic aﬁd it is due to
aggradaticn of the channel bed and freguent moverent
of the thalweg within the river banklines, The maximum
rates of erosion and deposition are 1100 and 850 feet

per year respectively, both on the right bank.

7. The bank to bank distance is gettine wider with
formation of mid-channel islands and brs a2t the middle.
This causes shallowing of the river dernth from vear %o

year.

i 8. An increase of thalweg meander shape, ML/MB is associdted
. . with decrease of thalweg sinuosity. This cbservation

] seemsg to be similar to that of Chitale (1970).
! 9. 4 decrease of thalweg sinuosity causes decrease of
thélweg neander size, MB/W confirming Chitale's gene?ai

observation on natural channels.

10, With ¢mall incrense in the average width of the cﬁannel,

A there is a great increase of thalweg meander length, ML.
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Figures
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ML

T
.

MB

Convex bank

/ Concave bhank

Location of point bar

MB = Width of meander balt,
ML = Meander length (wave length)
[ta) after teopold, 1957]

N RY
LR = Length- along river bend
"LV = Straight length along chord
W = Surtace width of channel

[(b) after chitale , 1970]

FIG. 3 DEFINITION SKETCH FOR MEANDERS.
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_Fig. 24. Stage-discharge curves at Bhagyakul for the
1968—69and 1976 - 77 . .
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Table I
Section Year Distance Distance of Distance of right
of deepest left bank bank from left
rt from from left B, M. pillar
left B.M. B.M.pillar
pillar f+t.
ft. 5. 5.
P-7 1968 9000 5500 30500
5 . 1968 22000 700 34800
\ G-0-1 4969 8000 500 34800
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
Qo 1968 2400 1200 7400
AV J=0=1
\é 1969 1200 1100 7600
- 1968 22700 12000 30500
+ 7 1969, 1200 1100 7600
There ar: two channels in the river Brahmaputra.
Y Section Years Distince  Dis- Distance Distance Distance

right bank of left of right

of deepest tance ‘
from left bhank from bank from

point frop cof left

left B.M. bank B.M.pill- left B.M, left B.M.
' pillar from left ar pillar pillar
Left-Right B.M.pill- P
. cha- cha- ar, ft. ft. 1. ik 1
j ' nnel nnel : i AT
! J-1 1969 13100" 22800 11300 18000 19200 28500 ==
s..q 1968 2800' 18500 2000 4500 12200 20000 =
1969 2900' 20500 2100 3900 11800 21700
o 1968 20900 30200 19500 21200 25700 34000 .
1969 20200 %1400 19200 21200 26000 35200 '
| sy 1968 12200 19500 6100 14000 17400 199003
1969 8700 18500 5600 14500 17400 20400 '
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1, | - Table 2
Section Year BEleva- Distance Curula- Distande Distance
tion of of dee- +tive of the of the
deepest pest po- thal- left bank right bank
oint int from weg leng~ from left fronmgideft
P.W.D., the left th start- B.M.pillar B.M.pillnT
datum) B.M, . ing from
pillar  sec.p-T
- ~din £, in 4. in f%. in ft.
7 97T -43.2 2506 1000 18000
P-® 1969 -26.5 13835 5400 31000
1967 ~20.0 29500 3500 30200
1977 -24.5 6416 16708 3000 41900
P-6-1 1969 -46.90 5480 18713 3700 35200
1967 -23.5 9000 26320 1500 34000
1977 =32.50 5848 36758 5300 37000
P-6 1969 -35.0 9792 38096 9300 35800
1967 -26,0 11000 46060 10900 35000
' 1977 =35.5 6450 63492 2500 25200
P-5-1 1969 -10.69 1169 64171 0 18200
¥ 1967 -45.0 2506 68958 700 16200
1977 ~39.7 24563 80200 10400 25700
P-5 1969 -87.26 17077 91563 13200 29800
1967 -46.5 18500 82645 13000 31500
1977 -24.% 25566 98579 15800 31800
P-4~1 1969 -28.5 26401 113284 18300 49500
1967 -14.0 30600 103964 10000 40000
1977 -21.5 14036  1196%2 300 - 38200
N P-4 - 1969 -33.5 35926 41689 9200 37000

196%: =3%0.0 27500 126336 20400 36500
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Table 2 (Continued)
Section Years Eleva- Distance Tumoiac Distance Distance
_ tion of of deepest tive thal- of the of the
deepest point from weg length left bank right bank
oint the left starting from left from left
P.W.D. B.M.pillar from sec. B.M.pillar B.M.pillar
datum) -7 B
in %, in ft,. ‘ in ft. in f+.
i : - :
g ) % 1977 -23.0 4010 148037 1100 31700
L P-3-1 1969 -49.0 1114 176777 1100 32000
| g 1967 -57.5 28000 165026 1300 29300
a _ 1977 -52.0 19650 169758 10200 20500
"P-73 1969 -58.0 11465 206852 1 0000 17500
1967 -107.65 12500 - 194768 10300 17000..
1 1977  =30.5 5581 19%150 800 13500
P-2-1 1969 ~47.5 5347 225565 900 532000
r | 1967 -34,0 7000 213192 700 31200.
; '1“ T 1977 22,4 13869 203843 1200 262601“ -
; : P-2 1969 -47.5 17211 236927 8200 33000
i 1967 ~42.0 10600 227010 8200 33000
Ly 1977 -28.0 5848 222556 1300 45000
P-1-1 1969 -34.3% 2506 259316 2000 44000 -
o 1967 =32.0 11200 245434 2500 43000
1977 =37.0 21054 239659 800 40400
Pe1 1969 ~53.7 36427 282708 14500 50900
1967 -=37.0 44600 268464 14700 45500
1977 <=30.7 4946 26998 500 39700
! P-0~1 1969 -=34.3 33620 308439 500 36500
1967 -45.0 18000 315050 800 35500
Y 1977 -21.5 33319 307680 24900 55644
_P<0 1969 -53.7 26067 338514 25500 51000

1967 -33.0 33800 355320 27500 51567
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Table 3

Right Bank TLeft Bank

Hrogion Deposi-Cumula~ Brosicn Deposition

Sge- Year Cumula-
tion tive bank (ft.) tion ~ tive (£t.) (£5.)
lengths (ft.) Dbank
(£5.)from lengths
-1 from
. P~
1977 - - 49173 - 4411 -

7888 - - -
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Table 3 (Continued)

Right Bank Left Bank
Sec- Year Cumula- Erosion Deposi- Cumula- Brosion Deposition
tion tive bank (ft.) tion tive (£+.) (f%.)
lengths (ft.) bank
(£%.)from lengths
p~7 from
. p—'?
T 1977 - 18281 - - 1938 -
1969 - 17278 - - - - 7185
1967 - 16810 - - - 18147
1956 113702 - - - 128178 - -
: e - 143711 - - 134 .
Pn3-y 1969 - 14772 - - 200 -
1967 - 12031 - - -0 -
1956 154498 - - - 156736 - -
‘ 1977 - = 21921 - - - o1
p3 1969 - - .. 10862 - - 469
' 1967 - = 11430 - - 434
1956 188056 - ~" 183056 - -
K 1977 - S - 16042’ - 2507 -
- 1967 - 1671 == P - 72406 =
1956 211744 - - 202138 = -
| 1977 - - 17913 ¢ - 8823 -
po 1969 - - M363°  ou 2339 -
1967 - - 11496 - 2507 -
1956 222272 - o - 213524~ - R
19717 - 9358 - - 2339 -
Potq 1969 - 8355 - - 2005 . =
! 1967 243986 7352 - 233722 1170 -

1956 - - - - _ i' ?*_fn
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" pable 3 (Continued)

Right Bank ' Left Bank
Sec—- Years Cumula- Erosion Deposi- Cumula- Erosion Deposi-
tion tive bank (ft.) tion tive (ft.} tion
langths . (ft.) Tbank (ft.)
(ft.)from=" lengths
Cp=T from
1 p-7
1977 - - 6183 - 15375 -
P-1 1 969 - 401 0 - - 531 4 - .
1967 - - 1337 - 1404 -
1956 262410 - - 251488 - -
1977 - - 4812 - 668 -
p.o-q 1969 - - 7687 - 668 -
1967 - _ - 7856 - 501 -
1956 287414 - - 276492 -~ -
1977 - 12700 - - - 444
'y 1969 - 7954 - - -- 4812
-Qﬁ. 1967 - 8690 - - - 6918
3 1956 313734 - - 3060020 - -

e
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Table 4
Rirns Dank oIt Bonk
Section Rates of Ratea of :
IErosgion Deposition  Erosion Derogition

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

. 5 -1 597 - - 13

1 5. - | 271 453 -
4-1 - 342 453 -
4 800 - 92 -
3 -1 684 - 06 -
3 - BT - 19
2 -~ 1 - 764 119 . -
2 - 853 (Max) 441(Max) -
T -1 446 ‘ - 113 -
P -1 ~ 294 720(Max) -
P-0-1 - 229 3.2 -
P-0 605 - - 21

3

3
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Table 5 B
Years Range LR IV Thal- Thal- Diff. GSlope LR LV. IR/IV
: of sec-(cm). (cm) weg weg  of (£ft/ft) from from
tions sinu- length eleva- p=-7 p=T1
over osity, over tion_ to to
. which =IR/LV the (ft.) -0 p-0
‘ measu~ range ?cm) (cm)
rements (£+.)
are ‘
taken
I - P=7 to . -4
P-6 27.94 26.49 1.05 36758 10.7 2.9x10
P-6 049.53 42.86 1.15 61821 8.2 1.3x107%
1977 B3 036,83 32.18 1.14. 45113 &5 1,4x107%233.8 208.5 1.12
P-2 $052,00 21.00 1.05 35816 14.6 4x107%
Eal 950,00 40.00 1.25 61835 15.5 2x10~4
P-2 830,48 46,49 1.15 45113 78.19 1.7x107
P-4-1 to | o o
1969 F=3 73%.66 56.18 1.31 93569 29.50 3.1x1077'257.0 208.5 1.23
P-3-1 to | T
. P-2 44,45 41,24 1.07 60151 30.00 5x10
g . PR . -'_:-'1
P-2 %051 50 23.68 1.33 45782 7.70 1.7x107° T
P-T %047.80 38.70 1.24 68958 25.0 3.6x107°
. Bh t952,20 41.80 1,25 68432 77.65 {.1x1072271.0 208.5 1.30
196Y _ | ’ |
P-3 %°21,5020.00 1.08 32242 65.65 2x10™°
P-2 065,00 43.80.1.48 88040 3.00 3.4x107
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Table 6
Years anze of Thalweg Average Everase Channel
scctions ginmosity width of depth of shepe,
over which  LR/LV the chen-  channel = W/D
meagurc- nal, W,ft. the river
mente ars D, ft.
taken
) P-7 to P-6.  1.05 24350 - 26.84 507.22
P-6 to P-4-1 . 1.15 2%350 23.,%4 1021 .85
| 1977 p.3_4 to P-2-1 1.14 21650 22.69  954.16
- ~ P-2 to P-1 1,05 32300 19.03  1697.32
P-7 to P~-6 1.04 26050 19.31 1349,04
P-5 to P-4-1  1.15 24700 14.9 1656.60
1969 P-4~1 to P=3 1.3 19350 31.96 605.44
P-3 to P-2 1,07 27850 15.25 1826,22
P~7 to P-5+1 1.24 24175 18.48  1308.00
P-.6-1 to P-5-1 1.05 24000 17.50 1371.00
P51 to P=4-1 1.06 213%% 17.38 1227.00
" 1967 P-4 to P-3 . 1.25 16933 %3.29 508,00
P-3 to P-2 1.08 20666 26 .46 781 .00
| P-3 to P-1-1  1.11 25625 22,41 . 1143,00
¥
‘ .
\ A
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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/IV ML,(Ft.)Width, chann- ML/MB  size
ments are MB el(wg MB/W
taken _ 7 (££.) - (ft. , -
7 |
+ P-T %0 4,05 47508 6975 21451  6.80 0433
tor7 BIST1 0 4.5 73696 16845 25267  4.37 0.67
P-2 %0 q.05 35786 2630 23012 13.60 0.11
P-5-1 PO q.23 85540 28162 22767 3,04 1:24
| 1969 E3T1 %o q.08 53430 11186 31387 4.78 0.36
{ . :
P-2 %0 4,26 4224 18424 25004 457 - 0.4
P-6.%0 1,06 54482 6054 22000 9.0 0.28
P-3 to
L = 1,11 42112 5922 26660 7.1 0.22
P20 qigz 77644 3874 28350 2.22 123

7z
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