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ABSTRACT

An attempt has been made to study the shi}?;cing pattern
of the reach of the Ganges from the .point of its entry inte
Bangladesh upto Gealundo by analyzing the data availabie with.
the Bangladesb Water Develqpment Board.
| The Ganges ié anirregular meandering river and the
thalweg shifts continuously from one position to another
within the bank lines, The shifting of thalweg is due to
the movement of the sand bars, mid-channel islands and
aggradation.

Tﬂé shiftinm of bank lines is erratic and gradual and it
ig due %o thé fregquent shifting of thalweg in differs.t years.
The relationship between sinuvosity and width—dep%h ratcio,
and sinvosity and bed slope indicate that the reaches ol the

river with low sinucsity (i.e. more or less straight) have
wide and shallow cross-zections and steeper glopes.

It was observed that the thalweg sinuvosities in the reach
of the river under consideration were 1.19.and 1.15 in 1968
and 1969 respectively and its value reduced to 1.09 in 1976,
The river is gradually becoming straight and developing braid-
ing. ‘

Analysis of the data also show that the river is gradually
becoming fiatter, wider, shallower and the braided pattern is

. emerging in some reaches in place of meandering pattern.
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INTRODUCTION

General

For a long time people have flocked together to build
townships and homesteads on the banks of rivers. In early
days the rivers served as main arteries for travel and
trades. The floodplains of rivers are fertile resulting

in intensive agricultural activities. River system in a

R

Agein the rivers cause havoc when it floods the floo?l
plain. Another source of misery is erosion of banks which
brings in destruction of lives and properties, damage of
engineering works eté. Bank erosion results in river course
shifting. As such attemps are made by Enginsers to COntrol
the bank erosion which is also necessary to maintain the
navigability of the river. However, before a river can be
controlled it should be studied in sufficient detail, so
that its response to the controls can be anticipatedé

Rivers flowing in alluvial materials, under a given set
of ciimatic, hydrologic, geologic, and geomorphic conditions,
exhibit a similarity of pattern and shape that implies cause
and effect rglations. It is, of course, very important to
understand the behavior of rivers under diverse conditions
and to identify the complex and interdependernt ¥ariables

which are responsible for the geomorphic and hydrauvlic




- fchafacter of 8 sgtream., However, the nature of a change of
obsorver but the reasons therefor@ often are obscure or,:
1f suspected cannot be proved, This is bhecause there are
many interdependent variables influencing a river and
férely can one be:isolated and its effects studies, For
example, Lane (1957) stated there is nearly iﬁfinite
variety in strcam forme, if considered in detail, No gtveam
ié exactly like any other stream and no ﬁart of any strecm
is exmctly like any other part of the same stream, There
is because stream channel forms are the result of a greaﬁ
nany factors, and the same combination of these factors

is never exacfly repeated, However, sitream channels, forms
and shapes are the results of physical laws and if the
conditions controlling the shape of any part of a stream
were exactly reproduced, the séme form of a gtream would

result,

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) Streém'discharge,

(2) Slope, (3) Sediment load, (4) Resistance of bankg end
bed to movement by flowing water, (5) Vegetation, (6) Temper-
ature, (7) Geology and (8) Works of man: Undoubtedly, other




factors are involved, but Lane believed these eight to be
major., They are not all independent, however, as many depend
to a greater 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 alluvial
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 indivi-
dual variable". For example, if one attempts to evaluate
the effect of increasing channel depth on the average velo-
city, 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
position and shape of alternate, middle, znd 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 geoﬁetry is not as well
understood and explained as many other areas of fluid mechsnics
and hydraulics.

Simons (1970) gave the list of the most important varisbles
which influence the geometry of river channels. That list

ineludes the following variables:

T#E:Ys})ys, (D ,/u,g,d‘, 6 s FS’SP’SR’SC’fS’C

Il
no.
O

in which




= Velocity
= Depth
= Slope of energy grade line

= Density of water-sediment mixture

Gravitational constant

i

i

v

D

3

P

M= Apparent viscosity of water-sediment mixture

g

d = Representative fall diameter of the bed material
J

I

Gradation of bed material

PS= Density of sediment

Sp= Shape factor of the particles

SR= Shape factor of the reach of the gtream,

SC= Shape factor of the cross-section of the stream

Seepage  force in the bed of the stream

I

ts

and CT= Concentration of bed-material discharge.

The majority of these variables were discussed in the

analysis of forms of bed roughness by Simons and Richardson

(1962). |
Using V,D, and P as the repeating variables and applying

the Pi-theorem
e Fh e o s 5 e o] .

Equation 2 gives the iist of the nondimensional parameters

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

istics,.




Objective

Bangladesh is a land of rivers interlaced by the numerous
cHanhels 6f the threé great river systems of the world viz.
the Ganges-Padma; the Brahmasputra~Jamuna and the Hgghnﬁ;-
Average flood during monsoon and low discharge in winter
are recurring features in this country. These three great
rivers are alluvial in natire and as such héve high shifting
tendency,

It is essential to know the pfbbéﬁie behé&iour of a river“
reach i.e, its erosion pa?tern, its shifting tendency and
direction of movement, formation of bars and shoals on its
bed before any important ensineering project can be under-
taken on or besides this rivers. This study attempts to study
the shifting characteristics of the Ganges and tokes up a
80 miles reacﬁ from its point of entry. into Bangladesh to
Goalundo botween latitude from 23° 42'F 4o 24° 12!) and long-
itude from 88° 45'E to 89° 46'E as a case study.

The objectives of this research are to:

a&. investigate the cause of ghifting, directions and rate

of bank movement as well as to document the morphologic

characteristics of the Ganges.

b. establish the effect of slope on river norphology znd

also to study how the morphological parameters of the

river reach change from yecr to year.
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Histdry of the Ganges River

The Ganges is an interrnational river, with its basin
spread over China, Nepal, India and Bangladesh, Figure 1
shows the Ganges bagin. Rajshahi, Pabna, Kushtia, Jessore,
Faridpur and Khulna districts in Bangladesh are situated
on the banks of the Ganges and its major distributaries.

The area served by the Genges river system in Bangladesh
covers approximately 20,000 square miles., About 4th of the
total cultivable area of the country lies in these districts,
+rd of the population of Bangladesh or about 25 million
people live in the Ganges basin snd depend on the Ganges
water for their subsistance (BWDB, 1976).

The Ganges, rises in the gangotfi glaciér of the Himalaysas
at an elevation of 23,000 ft, west of the Nanda Devi Range,
and quite close to the sources of the Indus and the Tsengpo.
It has 2 lsn~th of 1370 miles upto Goalundo, and 1570 milcs
to the mouth of the Meghna and a drainage area of 3,77,400 sq.
miles upto Goalundo. It is bordered in the north by about
700 miles of the Himalaya Range and in the south by the
Vindhya mountains. ‘

The average gradients of the river are: from Allahsabad
to Benaras 1:10,500, from Farskka to Rampur Boalia 1:18,700,
from Rampur Boalia to Hardinge Bridge 1:22,200, and from thare
to Goalundo 1:28,000. The river, since ancisnt times, has
meandered extensively. Often, it leaves the old bed and secks
& new channel. New islands are washed away or attach them-

selves to the mainland.Many ruins of old towns and cities




are evidence of such ohangés.

It has a maximum recorded discharge of 2?585,000 cusecs
and & minimum of 41,421\ cusecs at the Hardinge Bridge. The
lowest river levelwis usnually recorded in April, after which
melting snoﬁ increases the flow. Rainfall in the foothills
of the Himalayas and in the plains is abundant during the
monscen months (June-September) and the river rises to its
maximum usually in July or Auguss.

The Koei, which carries a considerable volume of flood
water joinsjthe_Ganges within a short digtance of the Bangladesh
border, Another important affluent of the Ganges is the Gorai,
taking off near Kushtia and flowing to the sea via Madhumati
and Baleswar. The Ganges joins the Brahmaputra to form the
Padma at Goalundo.

rior to the sixteenth centuary, the Génges passed most
of its discharge to the sea via the Bhagirathi-Hoogly,
Jalangi and Mathabhanga Chamnels.Thereafter the Fanges main
discharge moved steadily to the east developing various
channels such as the Ichamati, Nabaganga, Bhairab, Wumar and
Gorai in its progress, and causing repeated flood devastation
in these areas. Flood embankment was constructed at that time
on the Nabaganga, but has since been abandoned as flooding
decreased., The Padma was originally a small channel which
passed down the Arial Khan to the sea, andlater this became
the eastern limit of Ganges spill channels. After the main

Brahnaputra jdined the Ganges, the Padma developsd as the




main river and joined the Meghna nearnchandpur.
From 1810 to 1830, under backwater effect of the

Brahmaputra, which had joined the Ganges at Goalundo, the

Ganges was halted in its eastern movement, It commenced to
develop so strongly south down the Gorai-Madhumati, that
from 1857 to 1865 it was feared that the entive Ganges would
pass this way. There was much ponding up of floods in the
low Faridpur area, until the Madhumati developed as a strong
outlet to the sea. The Bhairab, which had been closed, recpened
in 1874, but later closed again. However, theAGanges stopped
favouring ths Gﬁrainadhumati and moved north-east, to pass
its main discharge, along with the Bhrahmaputfa, down the
Padma and then, neglecting the Arial Khan, straight east to
tﬁe Meghna,

It is supposed that very long ago the Baral, an offtake
of the Ganges below Rajshahi together with Atrai and the

&
Jamuna, once had a common channel along the Dhaleswari to

the Meghna,
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RIVER PATTERNS

General

The pattern of a river is defined as the appearance of
& reach in n plqn view. If plan views of most of the major
rlvers are examlned they asn gexerally be yrouped into three
typess sﬁralght meqnderinp and hralded. (Leopold*Wolmwn 1904):
These typed arc.shown dlagrammatlcﬂlly in Fig,2. Althou ah
these three types represent the rajor lelSlons, it shoula
‘be realised that a continuous gradation exists between oné
type and another, In any single river, therefore, it is commen
to find more than one type of pattern existing along its
length,

Straight rivers are those which have, at the bank-full
- stage, a negligible sinucsity over & distance many times
the channel width. (Fig,2B).

Meandering rivers show more or less regular inflections
in the direction of the channel snd are quite sinuous in plan
(Fig. 2¢).

Braided rivera are those marked by successive divisions
and rejoinings of the flow around alluvial islands (Pig. 24),

It should, however, be borne in mind that all channel forms
in " the fleld are not covered by taese three categorlns and

thls classification is not compre1en81vb. For example, the
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distingnishing characteristic of a braided stream is the
interlacing of its multiple charmels. On the other hand,

the distinguishing characteristic of a meandering river is

a tortuous alignment. Thus, whereas the terms straight and
meandering refer to direction, braiding refers 4o multiplicity

of channels.

Qtraight Rivers

In a straight river, the thalweg (line of maximum denth)
is generally sinuous in plan, moving from one pénk to the
other, As a result, lasteral bars are formed aﬁd érelarranged
alternately along the banks (Fig. 2B). The longitudinal
profile of such 2 stream therefore shqws alternation_betﬁeen
deep pools (Opposite the lateral bars) and shallow riffles
(between the lateral bars). This type of stream, although quite
distinctive, is essentizally transitional, showing features
comparable to both meandering and braided streams. The riffles
correspond to a semi-braided reach and the latersl bars =nd
pools to a meander loop., Steep river gradients, large varias-
tions in stage, a periodic floods, and small bedload (although

it might be quite coarse) are cheracteristic of straight rivers.

Meandering Rivers

The term meandering is generally applied to any river
having a sinuous course, with berds of either regular or
: irregular shape and small or large curvature. In fact, any

river which ig not stroaight is generally termed meandering.
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Meanders can be classified as either of resular or irresulas
shape and as either simple or conpound, as shown on PFig, 3.
Regular meanders are a train of bends of the same curvaturs

and frequency, while irregular meanders are deformod in shape

and may vary in amplitude and frequency. Simplec meanders
“have one dominant amnplitude and frequency, while compound
neanders have bandae of differcnt anplitudes and frequencies,
Compound meanders may develop if a stream has more than one
dumlptnt discharge, each of Wthh could 1ﬂdependent3y influsnce
meander chﬁ}acterlﬁtlcs. Irreguler neanders may occur hecanse
of variation in discharge along the channel by additions fron
tributary streams, withdrawals by branches, lakes ete,
Meandering river consist s of = serics of bends connﬂctbd
by creossings. In ths bands dzep pools are carved adjacent o
the corecave bank by the relatively high velocities. The cen-
trifugal force in the bend causca a trangverse wafer surface
slope and helicoidal flow in the bend. These traﬁsverse
currents, wifh 2 magnitude of about 15% of the average channel
velocity, flow toward the convex bank. Tn so doins they sweep
the heavier concentrations of bed lo2d toward the convex bank
where they are deposited to form the voint bar, The bends are
connected by crossings (short straight reaches) which are
shallow compared t¢ the pocls in the bendways. The scour in
the bend causes the bend to migrate downstrsam and sometines
1aterally. Much of the sediment eroded from the outs gide bank

|- '

is deposited in the crogsings and at the point bar in the next
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bend downstreoam,

Meandering streams tend to migrate rapidly, rates upto
2,500 feet a year have been recorded in Bengladesh, Because
of the flow in a meander loop, however; it is relatively
easy, even with a limited amount of information, o predict
both rate and direction of movement with 2 moderste degree

of accuracy.

Braided Rivers

The river channel is wide, the banks are'pborly definea
and unstable. There are two or more channels that cross one
another giving the river bed a braided appearance at low flow,
Between sub-channels there are numerous sand bars and iglends,
These sub-charnels and sand bars rapidly change position with
time and stage and in an unpredictable manner. The result
of this constant change in cross sectional area is rapid cutt-~
ing and filling along the banlks, Thus +the bank lines of most
braided rivers are indistinct. As & rosult of the studies on
the design of stable rivers in irrigation canals, ILane (1957)
concludad that there are two primary causes of braiding streams.
These ceuses are: (i) overloading i.e. the stream may be
supplied with mo e scodiment that it can carry -and part of it
may be deposited and (ii) steep slopes causing a wide, shzallow

channel in which bars ang islands readily form.
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Slope-Digcharsze Relstions

Bffects havebeen made to digtinguish between meandering
and braided streams on the basis of slope-discharge relationg.
For example, Lane (1957) nade a plot showing the relationship
between slope and discharge for sand bed neendering stream,

He obtained a line described by *he equation

5 = 2:0017 )
Q .
Observing that this form of equation fits a layge amount of
data from meandering sand Streams, Lane expressed the equatipﬁ"

in the following form

K
S=—T (4)
Q |
where K = 0.0017 for all meanderings streams in sand under

equilibrium conditionsg.

By using only data from sand streams having steep slopes
he made a guantitative comparison of the slope~discharge
relations for braided streams. The slope-discharge relations
for braided streams can be apprdximately represented by a
line having an equation.

0.01
Q_

- This represents a slope of about six +times ag steep asg thret

8 = 1.0, X = 0.01 (5)

for meandering sand streanms,

Relationship Affecting River Pattern

Meander Characteristics = The most important parameter

defining meander geometry is the sinuogity of the curved
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chatinel, Sinuosity was defihed by Leopold-Wolman as the ratio
of thalweg length (length along the line of maximum depth)
%o valley length, by Friedkin as the ratio of thalweg lengtﬁ
¢ 2ir line distanoe, and by L00pold~WGlmén in thei? subgequent
contribution as ratio of afc distance to wave lensth in a
single meaﬁder. The first definition appears to be preferabie
because of its‘simplicity,‘requiring less Judgement in messure-
ment.

The sinuosity ratio determines the shape of meanders.
Sinuosity is usually measured ovsr a reach including several
bends. Othear terms describing a meander are ég%ihéd by the

sketch presented in Fig. 4.,

River Characteristics - Wide, shallow rivers are ususlly

associated with lesser tortubsity (Chitale, 1970), When distor=-
tion is used in hydraulic models, fiow lines are fqund to
follow sharper curvature than in the prototype, indicating

that deeper and narrower rivers produce more acute bendé;

The valley slope provides the force which helps the river
straighten its course. The steeper the slope, the higher the
nean velocity, requiring a flatter curvature for negotiatiﬁg
& curve, The relationship of channel slope to valley slope
can be expressed by river channel slope=valley slopes X len~th
along valley/lencth along river, The slope of the'ri#er, 3, is,

thus, an important parameter which must be congidered,
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The size of bed naterial m is alse a pertinent faetor;
Actte bends are associated with relatively fine bed material,
whereas coarser bed material is associated with rivers. having -

low tortuosity.

Relation for Meander Sinuosity - Chitale (1970) gave the

following relationships. The relationship between the sinuosity

ratio and other parameters can be expressed as

%% —f ( w,0,8,m ) (2)

]

in which

LR = length along river bend

LV = straight leneth along chord
W = surface width of river |
D = average depth of fiVGr

8 = @glope of river.

This can be reduced to the dimensionless equation
R Yy | ,
= {0, 52 (5)
If mean velocity and discharge‘per foot of channel width

are agsumed 28 two more relevant' parameters eg. {3) can further

. . L " W ,
be modified as — - J(( %—- i8-2-, R.F. ) (4)
in whi¢h R = fgf': the Reynolds number,
F= e = the Froude numbef;

Ja

= discharge per feet width;

a
I

¥ = kinematic viscosity;
v = mean velocity, and

gravitational acceleration,

g
Hi
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S

Factors Affecting Meanderine - To study the effect of

parameters —%— y S and m/D individually on meander sinuogity,
plots of LR/LV aczinst these thrae parameters arse shown in
Fig. 5. This figure indicate that rivers with low sinucsity
ratio, i.e. more or less straicht rivers, have wide aﬁd
shallow cross-sections, steeper slopes and relatively coarser
bed material. A value of LR/LV equal t6 one indicates straizht
rivers. If LR/LV & 1 is adopted as the 1limit, the data
indicate that channels having w/D> 400, slope } 1/1000 and
m/DJ) 0.16 may be expected to be straight. All braided rivers
would also be seen to have LR/LV nearly equal to one.
According to Chitale (1970), with zradual reduction in
the value of all three parameters W/D, §, and n/D, the
sinuosity ratio increasés, indicating that meanders become
norg and more acute. When the value of W/D becomes less than
5C, the value of 8 <;2.75/10,000 and the value of m/D <;0.02.
Fig. 4 suggest that LR/LV may be expected to be greater than
1.7. Thus sharp bends =re fdrmed when the river section is

narrow and deep, its slope flat, and the bed material of

relatively smell size.




CHAPTER IIL

RIVER COURSE SHIFTING
, [ |

Wanderine of the Thalweg

In 2 river highly charged with sediment, the bed configur-
ation changeg drastically under differing floWw recimes
‘Beposition of sediment in one locality causes deepening by
scour in another locality. Thus the thalweg tends to wanilcer
cdntinuosly from one pdsiticn to another within the river
bank lines. This ig gencrally characterizcd by two distinet
”tybes'of ﬁd%ements, auéféauéi aﬁd tfansvefse mo%émenf and
gudden shifts from one position to another.

In the low-water stage, prior to the passage of the flood,
the river is subdivided into numerocus small channels with
one of these generally serving s the main channel and
carrying a larger portion of the flow, This chanﬁel is
commenly situated near one of the river banks and is slightly
curved, moving from one bank to the other. With the onset of
the flood, the initial reaction is for the river to seeck a
path with little curvature. As = result, the thalweg tends
to move toward the inside portion of the curvaturc. The risc
in flood stage, however, is quite rapid, and the river must
widen and deepen to accomodatse this large increase in discharge.

" The ugual result is for the bank to be undercut, slumping
then occurs and the migratidh of the thalweg in a transversoe

‘direction is initiated; THIE ¥ype of river Bhifting takes




place gradually, usually over an entire month, but it may
attain considerable amplitude.

The second type of shiftiﬁg-of thg_thaiweg can be rciated
to the movements of the sand bars andimid-channel islands.
As flood water subside, an excess of ébdimenﬁ is carried as
bedload in suspension,; velocities diminish, causing this
material to be deposited: Deposition of the material results
in a corresponding change in looal flowldirection and the
thalweg ié in a state of constant movement. It 1e during this
period“£ﬁéf béd éggradétion is *he greatest and many new
chanﬁels are formed, function for a short time, and are then -
abandone’. As the flood eontinues to subside, nne of the
channels bocom~s dominant and the rate of wandering of the

thalweg diminishes (Coleman, 1964),

Deposition and Brosion of the r.ver bed

Rates of deposition and erosion ars quité high in rivers
carrying large quantity of sedi@ent. The constant shifting
of the thalweg adds to the magnitude and complexity of depoai;
tion and erosioﬁ ratterns. During rising stage the velocity
increases abruptly to a meximum, then fluctustes in TesSponsc
to differences in discharge, Scour depth, however,‘increasé'
slowly and do not reach maximum at the same time as vslocity,
The greatest amount of scour occufs during the latter part
of the fiood, ot which time the velcocity declines aharply.
Once the velocity diliifiishes, the maximim amount of depnsition

tekes place, This genérally occurs just Hefore or during tha
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falling stare. The river widens with the passage of the

'flood and sudienly diminishes during falling stage, ¢

(Coleman; 1964).

Formatipn and Movement of Sand Bars

The initial 1odétionland formation of the sand bars are
determined during the flood, fhey are possibly the result of
the formation of the water scour channels hugzging each
channel bank, The hydraulic conﬂitionsthat cause this erosion
and deposition are egsentially unknown. However, the area of
deposition in the central part of the channel is undocubteily
causel by slack water conditions. During the floo? this area
receives Jeposition and the bed is asgraded significantly.,
Since the floo” waters subsgice rapiily, there is not enour~h
time for this material %o erode, and hence it is socon expogead
as a shoal. After exposure and Arying of the surface, wind
activity modifieg it slightly, piling sand into various types
of aeolian Aunes.

During the next flood, the island is once more inundated,
In some cases it is completely removed by erosion, but move
commonly it suffers erosion on its upétream face and deposition
on its downstrewum end. This generally causes the island to
migrate in a downstream direction. In some instances, however,
whole islands disappear or new islands form that were not
present in the previous year. Thus, Jduring flocd the sediment

is shifte? as bed load, causing the islands to misrate

(Coleman, 1964),
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Reasong for river shifting

The éharédterisfics and direction of flow are determined
by various opposing factors within the stream; for instance;
the oncoming load versus the seﬂiment—carring capzcity of
thé flow, and the erosive resistance of the bank against the
bank-caving capacity of the flow, The existence and develop-
ment of these varidus factors contribute to the shifting of
the river channel. Probably the major controlling factor,
however, is the amount of sediment and the inability of +the
river %o transport it. The aggraintion constantly causes the
main current to seek bettér gradients, new alignments an?d

aths of least resistance. A new channel thug formed is at
first narrow and deep; with time; however, it, too,will hexin
tc aggrade, and the whole process is repeated. In this mermer
the river is in a2 state of constant migration, erodinz and
redepositineg seiiment of its own making as well asg olier
deposits of previcus channels,

Although tﬁe asgradation of the river bed is one of the
major factors respomsible for the wandering of a river course,
it also creates condigions under which other factors msnifest
their influence; During low stage, the river-width is excessive
for the amount of water it must attain, an? the channel forms
complicated patterns of rools and riffles. Some arcas receive
excessive deposition, causihg scour in an adjacent area.

Thus, the river spreasds its sediments across the entire valley.

Under such conditions the channel ig sble to remould frealy
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its bed configuration, thus maintaining a cross seetional .
araa in keeping with flow regime. In addition, a number of
factors, including the high susceptihility -to erosion of
the bed material, the large variability of the flow, and the
abrupt rise and fall of the river-stage, have a strong
bearing in determining the migration paetterns. Both rate and
amplitude of channel shiftine become larger when the above

factors exist, (Cocleman, 1964).




. e CHAPTER IV
DATA COLLECTION AND ANALYSIS

Collection of Aata

411 field data i.e. Cross-sections, lonsitudinal profile,
discharge data, stoge data, ete, were collected from the
Surface Water Hydroclogy Directorate and River Morphology,
Reseorch and Training Directorate of Bangladesh Water Develoyp—
ment Board. Bansladesh wWater Development Board is responsinle
for collection of thesc datz for all the rivers of Bangladesh,
| For the reach under investigation the Board maintains a
discharge station at Hardinge Bridge since 1934 ana éage
.record station at Hardinge Bridge since 1910, The Roard takeg
crosgs~section along the river at 2f places and these sections
are denoted by G #& 0-1 through @ #= 18. These scctions are
taken only during low water period. Information available
from the Surface Water Hydrclogy and River Morphology, Research
and Training Directorate of Bansladesh Water Development Board
is not sufficient for investigation the characteristics of the
rivers, because of laeck of continuity in data, Complete set
of data were available for the year 1967, 1968, 1969 and 1976
and as such data of thése years only havé béen used in this
study. Ganges river course were traced from the maps preparaced

by the survey of Bangladesh in 1956 and this is taken ag index

map,
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Analysis of Data

The bross-s&ctioﬁ of the Ganges river from ¢ # 18 locater
at the point of entry into Bangladesh to ¢ # 0-1 located
st Goalundo have been plotted with the help of the co-ordinates
of the respective B.M. pillars of all the cross-sections in
the course map shown in Fig, 6. With the maximum depth at
each cross~section for respective years, the thalwes were
determined for the alovementicned years, The locationé of
right bank and left bank werc drawn by studying =211 the
crogs-sections, Thislbank‘line movement was superimposed
on thalweg movementl(Fig. 6) to get a clear underétanﬂing
of the relationship between bank movement and the thalwes.
Sinuosity i.e. length along river hend/strairht len~th
along chord was computed from the thalwes (Fig. 6) of respective
years. Sinuosity ratics were determinad at various places
in the reach under study for respective years. After that two
cﬁrves, one for 1976 and another for 1969 were drawn to get
the rélationship between sinuosity and channel shape (Fig.9).
In a similar way, relationship between meander length (wav:
length) and average width of the channel (Fig. 11), relation-
ship between average depth and sverage width (Fig. 12),
relationship between sinuosity and slope (Fig. 10), relation-
ship between sinuosity =and year (Fig. 13) and also relstion-

'ship between minimum bed elevation and meandering length

(Fig. 8) were plotted.
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As & means of investigating the short term chanzes of
river banks, comparative bank line studies were done, In the
study of bank line migration, heasurements were made at ~11
C¢ross—-sections whose locations are shown in Fig. 7. Shiftinz
of banklines for 1968, 1969 and 1976 were studiad wifh
reféerence to the bankline of 1956, Fig. 7 shows the rates of
migration in feet per year that have occured on hoth bhanlks
for respective years.

All the cross-sections for the years 1967, 1968, 1969 and
1976 were superimposed shown in Fig. 14 through Fig, 32 to
study the shifting of sand hars and shoals. The reasons of
bank érosion, the rate of erosion and the direction of banic
movement and alaso the ch”ﬂﬁes in %hglwe" rosition predicated
with the help of these figures (From Fig.14 to Fig., 32).

Rating curves and hydrographs for several years haove been
drawn for the Ganges at'Hardinge bridge =and these are shown
in Figures from 33 to 3§,

Hardinge bridge is +the only discharge neaguring station

for the reach of +the Ganges under study,




CHAPTER V
RESULTS AND DISCUSSIONS

To determine the shifting characteristics of the reach
of the Ganges the thalweg and the bank lines of different
years were investigated carefully. The surerimposed ecross-
sections for different years were studied to quantify the
movenent of sand bars and shozls, and the resultiﬁg changes

i1 “he crogs-section,

Thalweg movement.

Fig. 6 shows that the thalweg for the years 1967, 1968,
1969 2nd 1976 shifts continuously from one position to
another within the river bank.It has been found that the
thalweg passes through th~ almost same location at Hérdinge
bridge in the abovementioned years. It is because that the
" Reilway department stabilized that reach of +the Gangeé at
the Hardinge bridge with groynes and boulders. From the
rating curves (From Fig. 33 to-38), it can az31gp be said that
channel is stable 2t Hardinge bridge and as & result it acts
as control section for the deep water channel in the reach
of Ganges. It is observed that the thalweg for different
years has meandering pattern and moves through various
locations at each section in a different path,

In cross-section @ # 15 (Fig. 17), 14 was observed in
the year 1969 that the thelweg moved néar the right bank,

but in the year 1976, that vortions ﬁere silted up and
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consequently'the thalweg was shifted towards the left bank
causing the erosion of left B.M. pillar. Similar case was
happening in other years also.

Again in cross—-section G #= 17 (Fig. 15), it #wes-bgarved
that the deepwater moved from one position to anothef in -
_different years due to the movement of sand bars, In this
case thalweg for 1976 moved near the right bank. It can be 8544
that the flow in Ganges is certainly capable of shifting
sand.bérsﬂat‘maderate flow regimes and of causing frequent and
intensé changgs‘in channel sections and COnfigurations during
floods; . | R |

if is observed ‘from the Figuré 6 that the low flow in the
Ganges moves in quite sinuous channels which are separated by
numerous barsg, whereas the high £1ow takes a comparatively
strgight course. The channel configuration thus moulded at one
time will .be destroyed and subjéct to modification once‘ﬁhere
is a large change 'in discharge. The variability of the fléw
in the Ganges thus results in the river'y constantly changing
its shape from low flow to flood flow and Trom flood flow back
to low flo#. Thus it can be said by studying the cross-section
(Figs. 14 through 32) that the shifting of thalweg is due to
movement of sand bars and mid-channel islands. |

The location and formtion of sand bars are determined
during the flood; they are possibly the result of the formation
of the two scour channels hugesing each channel bank. In most

cases (From Fig . 14 to Fig. 32), the total area of the island




remains approximately the same from one flood t0 another and
only its position and shape change., In some instandes (Figures
17, 28, 29, and 32), however, whole islands disappear or new
islands form that were not pfesent in the previous year. Thus
during flood the sediment is sbifted as bedload causing the

islands to migrate and as such the thalweg also move with time.

Sinuogity
Figure 13 shows the variation of thalweg sinuosity from

1969 to 1976. I appeared from Table # and Fig. 13 that the
-thalweg sinuosity between cross-section G #¥ 18 to G #= 1
varies from 1.41 to 1,14, 1.36 40 1.04, and 1,17 to 1.02 in
1968, 19€9, and 1976 respectively. Thus the thalweg sinuosity
of the reach of the Ganges under considerstion is decreaged
gradually, which means that the river ig developing straight;

braided pattern.

Sinuosity and slope

#ig. 10 shows the relationship between ginuosity and slope
for the years 1969 and 1976. It appesrs from the fisure that
the channels with low éinuosity have steeper slopes.

- Jinuosity is 2lso unity at steeper slopes but the channel is
braided in this case.

Braided channel developes at higher velccities, At higher
velocities the flow cut through the bars and the channels became
very wide and shallow snd alluvial islands readily formed

in such a channel. Because of the higher inertia of motion
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agsociated with a faster moving mass of water, the flow have

a tendency to follow a straight path and as a result it cut
throught the bars. Ailuvial islands develop in a braided channel
due to the deposition of some of the cozarser materia;s which

the flow could not transport. Finer material are trapped among
the coarser particles and the bars increase in size. Finally

the flow take place in a number of interlaced channels separated

by these islands.

Sinuosity and channel shape

Fig., 9 shows the relationship between sinuosity and channel
shape for the year 1969 and 1976. It appears that channels with
1ow,sinuosity have wide and shallow cross-—section. It has already
been stated that -the~value of ginuosity in 1969 was higher
than 1976 i.e., %the value of sinuosity has a tendency to decrease
over the years under study. From the curves it can be said that
channels are gradually silting up with increasing width,

Thus the present study verified chitale's (1970) observations
that the channels with low sinucsity (i.c. more or less straight
channels) have wide and shallow cross-section and steeper slcpes

(Fig. 5).

Meander length {Wave length) and width of the channel

The reletionship betwsen meandering length (wave length)
and average width of the channel (Fig. 11) shows that the meander
length rapidly increagses with a2 small increase of the width of

the channel. In this case also it can be said that river patitern

gradually becomes straight.
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Average width and average depth

The relationship between average width and average depth
(Fig. 12) shows that the width of the chamnel increases rapidly

with a small increase in average depth of the channel.

Bank movement

From Fig. 7 it is observed that the bank lines ian different
years throughout the reach are shifting gradually.In somé Crogs—
section (Fig. 7, Figs.21 +through Fig. 25) shifting is more
than others. If the bankline of 1956 is compared with the banik
-line of 1976, it is seen that at the left wank, the maximum
amount of deposition was 919 ft per year (Fig. 7 & 9) at crossc
sectign G #= 9 and the maximum rate of ercsion was 666 T+ por
year:: (Fig, 7) at cross-section G #£ 3 and at right bark, the
maximuﬁ rate of erosion was maximum amount of depcgition was
550 ft. pef year (Fig.7) at cross-secction G #= 2. In some croms-
section (Fig. 7) at 6 #~ 18, 17 & 9 hoth banks of the river
were retreating rapidly. At several cross-gections (Fig. 7)

G# 15, G# 6, G#A& 5, 04 3, ¢ # 2, G # 1 one bank is
cutting and the other is depositing at a similar rate. Thus,
within the period, bank line migration was not predicatable but
rether it was erratic. It might be noted that a slishtly

higher number of cross-section on the left bank showed erosion’

than on the right bank, Similar conditions can be documented

(Fig. 7) for the years 1968 =nd 1969,
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These rates give some indication of the magnitude of
mo~vement that can occur in a rélatively short periocd of time.
The illustrations also poiﬁt cut the erratic nature of the
shifting. The sudden and erratic shifting of the channel regulss
in rapid déposition of sediment. The overall effect, however,
is the formation of blanket sand bodies with congiderable
lateral continuity. Such type of erratic movement of bank
lines may be due to the frequent shifting of the thalweg in
respective years which results in the movemént of sand bars

and shoals,

Ganges at Hardinge bridze

From the rating curves (Fig. 33 through Fig., 35) i. BPPeRLS
that fthe chanvel is suitable at Harding bridge. In every year,
stage gradually incfeases with the increase of discharse (Fig.”™3
through Fig. 35) The phenomenon is 2lmost similsr in all other
.years. Hence Hardinge bridge is a stable section and acts as

contrel section in the reach of Ganges river in Bangladesh.




CHAPTER VI

CONCLUSTONNS

The following conclusions can be drawn from this study:

i. The Ganges is a predominantly iyregular and flat
meandering river,

ii. The Ganges is showing a tendency t¢ reduce her
ginuosity. Thé'sinuosity varied from 1.417 to 1.14
in 1968, 1.36 to 1,04 in 1969, and 1.17 to 1.02
in 1976. Hence sinuosity of the thalweg in general
is getting flatter.

iii. The Ganges river in Bangladegh is developing braiding
in some of its mesandering reaches,

iv. In the low-water stage, prior to the bassage'of the
flood, the river is sub-divided into numerous small
channels, with one of these generally serving as thel
main channel and carryins a larger pdrtion of the 5-
fiow. The thalweg shifte continuously from cone position
to another within the bank lines with the paesage of
floods, The shifting of thalweg is due to the movement
of sand bars and mid-channel islands and also due to
ageradation., (.

Ve The shifting of bank lines is erratic and gradual. It

" can be said that in the yvear 1976 erosion was slightly
higher on the left bank than on the right bank with

reference to the bank line of'1956 in the reach of
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Ganges river under study. The erratic movement of
bank lines is due to the fregqu =t shiftinz of the

thalweg in rwspective years,

Vi. . The rivers with low sinuosity have Widé and shallow
crogs-gsection and steeper bed slopes.

vii. . The meandering léngth (wave lensth) rapidly increases
vith a small increase of the average width of the
river.

viii. The average width of the river increases rapidly with

the minor increeses in average devth of the 1lver.

Some additional data would greatly facilitatsd similer
research studies on river morphology. Fresenily only one
discharge mezsuring station is maintzined at Harding bridee.

. Some additional discharge meosuring stations are egssenti=21ly

required both upstream and downstream of +the Hardinge bridge.

- Begides discharze, seédiment geampnles should also be collected.
Ze, 3¢
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Fia. NO. 2. RIVER CHANNEL PATTERNS AND TYPICAL CROSS - SECTION

A. BRAIDED, B. STRAIGHT, C. MEANDERING (After
leopold, 1964).




REGULAR & FLAT MEANDER IRREGULAR & FLAT MEANDER

REGULAR & ACUTE MEANDER IRREGULAR & ACUTE MEANDER

SIMPLE MINDER | COMPOUND MEANDER

FIG. 3 TYPES OF MEANDER (AFTER CHITALE 1870).
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FIG. 4 DEFINITION SKETCH FOR MEANDERS.
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Data for loeating the thalveg a
profil ¢ alorg 'thalweg”fbb

TABLE

-1

13

nl for plotting the longituliizl
-Aifferent years. :

X-sections Years Co—o'rdinaﬁe Co-ordinate

Min.

‘Distance

Length o:

b ——

of Left of Right = elev. of min: thalweg lire
bank bank Coorin fh eleve | from GEA1S
' - fromlgft towards
o o ., bank’ G;ééoi 11* T

1967  Latitude N TLatitude N 125 10,000 00

168 24%11123.57 24°08'05.0" ~17.5 8,000 00

G=#£ 18 169 Longitude E Longitude E 5.0 12,700 00
r7g 88°471.5.00 88°45126.6v _ 9,0 21,200 00
1967 , OON'G 6 pu0n N 5.0 15,400 1721C. 17
¢ 4 17  '68 24046 FE03.5" 5.5 23,800 23325, 5¢
'69 88°48'51.9" 88%°4917,.8m 7.5 24,000 21554, 4z
'76 3,5 28,300 2138737
| 1967 2400§i28‘8" 24010g57 6.5 29,100 33664, 2¢
G 16 reg 2401128 g 0" 6.0 29,300 40869.84
169 88°52118,6" 88°5110.5" -19.0 29,200 39098.71
176 | 6.5 2%,650 37762, 0C
| 1967 N ) o N 3.0 9,400 64796.9%
Gegl 15 168 24 ORT34ET 24709/5.1% 5 5 15,500 66935. 65
' '69 89°56'39.7" 89955133,7% 8.0 13,650 64095.15
'76 | | ~ 7.0 1,500 61488.57
1967 o 271 ) o g o 4.C 15,800 82207.55
¢ 4 14 '68 24 0LTRT2M 24 99.79-8" 0,5 11,200 87253. 61
'69 88°58'13.9" 89°01112,6" 2.5 15,000 80636.91
'76 ~ 7.0 20,600 81706.28
1967 a0 N o ¥ 5.0 10,600 118699. 58
6 4 13 f6g 24 OLTS3.4" 24702103.1" 7.5 15800 126419.15
69 89°04131.5% 89°00134.1" - 2,5 12,700 118398.91

176 : ' - 0.5 9,500 116861.70
1967 o N N 0.0 10,000 137979, 57
& 4 12 65 S 24091é40'9" 5.0 15,700  144765.98
'69 89°%2t9.8"  89%03'4.9" 5,0 13,300 136444..17
176 = 0.0 _131732.58

8,000




TABLE-I (Continned)

X-gections Years Co-ordinate Co-ordinzte Min. Distance Length of

of Left of Right elev. of min, thalweg
bank bank in £+, elev. line from
, from = G#£&18
left bank towards
G#A0-1 in
.

1967  Latitude N Iatitude N - 2.0 23,700  15:821.38

G = 11 68 23956138.0" 24001;24-6"'4 7.0 23,500 155469.26
169 Longitude E Longitude E ~11,0 23,600 151148.26

) 0 \
176 B9 027122.4M B9TOT'9.2" _ 5 6 95500 147773.08

. 1967

S = 4.0 29,700 169962, 43
6 £ 10 68 e3 %6 16.4% 24700749.8" 4 0 28,200  175910."7
'69  89°07'42.1" 89°10144.3" = 1.0 28,300  167355.84
176 | . -22.5 28,000 - 164147.75
1967 o o N 0.0 20,800  195359.88
N . 1"t t 1)
'69  89°12151,5" 89°%211g,2" ~ 8.5 25,300 193254,56
76 o - 7.5 23,800  188542.67
1967 o = 8.5 22,800  212068.73
. L} [} N
o s 68 3 FI2TIN25T5AI5.0M g5 o3 900 217014.54
'69  89°16741.,9n 890151, gn =13.5 22,300 208793.79
76 ) 5.0 24,500  204081,90
1967 N, W =15 53500 228109.23
! 1
¢ A 7 reg 23 g1 32.1" 23 PBI31.4" _ 1.0 21,500  233202.12
69 89°17111.6" 89°19125.9" 1.0 21,100 224500.11
176 - - 6.0 20,750 - 220122.86
1967 N N -66.7 12,600  250265.17
t t " .
oAt 68 PP Z2MEANZIETISIIY gt 5 15500 256012.99
| '69  89°21'52.0" 89%19139,1" ~47.5 12,800 246889.,97
76 5 - 6.0 4,300  229646.9
1967 ON o N‘ ' , ‘-61 07 7’800 275996.80
1 " T .
ol 5 teg B3 TO518.TM 2375216.2" gr 5 7700 281744.62
'69  gg056130,om 89°21152.10 —47.1 7,500  271786.16
76 - 6.0 23,300  245019.04

e
JEC AR
_ L j




75

TABLE -~ I (Continued)

X=gections 1271 Uo-ordinate (o-crdinate Min Distance Iencth of
of Lelt of Right elev, of min. thalweg
bank bank in-ft. elev. line from

- from G418
left bank towerds _
G#=C~1 _din £,
1967  Latitude N Iatitude N =11.0 4,800 289698.05
G4 4 168 . 23952'24.4" 23950'50.3" ~24.0 4,300  295512.71
169 Loggltude E Logglﬁude B -32.0 4,000 284€51,97
176 89 2770.8" BYTESNMESY 56,0 4,000 26306460
e as%aus.1 23047116 su” 000 29,100 521511, 71
PR e - 5.0 30,000  329593.70
'69  89°29'23,3" 89° 29'0 5"‘;.9 5 17,90C  306540.86
76 | ~15.0 12,600  281778.51
1967 230§6'50 o 23°No* . 6"-39,0 12,000  345171.44
o 2 68 é ' 20198.8" 15,5 15,100 35048482
69 ggO3144.50 B89733'7.3" —28.0 10,600 328095, 2¢
76 | - 6.0 9,700  303834.19
1967 230§O,43 . 230‘ ee an” 2+ 10,600 366959.78
6 A -1 0B . 2 QT 29-8"_ 8.0 11,500  372440.25
69 89%36141.9n g9O3g13g.qu- 8.5 12,700  349482.62
76 - 7.5 6,300 325054,4%
1967 23O§5'?9 e 2 " —12.5 . 7,700 391354.70
¢ a8 L 324914440570 6,300 396634.66
69 g9%0t30.6n B9 41'10 1"-15,C 8,250  373042.10
'76 - 0.0 7,700  349733.53
1967 - 29'32 " .230§3t46 =12.0 5,600  414078.74
edl 01 V68 B € 3".21,0 22,200 429250.34
69  89°45154,3n -15.0 7,500 . 400778.69

B
89945141, 2n
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TARLE - II

Data for drawing the bank lines for differert
map and ales £ fiating out
and average width of

¥ears on the course
the relatiounshin between average dentl
the river for differecn. years.

Years Length of From Ref. From Ref, Average Average
- . Ref,line point Dis-pt.Dist.of depth width in
A-sections from G#18 tance of Right bark in £t £t
towards left bank in 4.
Gt in ft.in £+,
1956 00 7752.91  10092.15  40.43 1800
¢ AL 18 1968 00 7880.58 7953.41  39.3%0 18100
1969 00 7752.90 8788.86 39,85 18100
1976 00 795%, 41 10626.8% 39,45 18100
1956 16642501 11863.28 8020.25 36,44 28550
G A 17 ‘68 ,,  12631.89  11194.93  38.14 50250
'69 +s  12698.73  10793,92  36.09 27050
176 sy 12464,80  14669,61 40,36 24900
1956  31746,81 13032.90 9858.22  41.47 37380
168 sy 17159.99 1152912 43,61 36120
G #1614 o AT210.12  125%1.64  39.4% 23350
176 »s 16842.52 13968.60  41.80 26550
1956 57598.69 9423.79  1604.05  %5.60 16150
168 . 4010.12 '~ 5848.10 34,23 13900
@15 g e 3475.44  5681.00 32.34 11700
176 - 9189,87 6082.02 33,04 15000
1956  74889.06 5280.00  5814.68  35.09 21000
G 4L 14 68 .y 4344,30 4511.39 34,71 21100
' 69 .y 4812.15 4878.98 34,72 21400
176 . 5814, 68 5948.35 29,56 14600
1956 110044,48 4210,6% 5413.67 30,16 12600
1 168 - 5012, 66 3475.44 28.06 12500
G #? 3 '69 ,s 4945 .82 3675.95 26,15 11000
'76 - 541%,67 3174.68 26,52 12400
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IABLE -IT (Continued)

Averagz

X-sections Yea: s seugth 0f From Ref. From Ref. Average
Ref line point Dis-pt.Dist.of depth width
from G#=18 tance of Right bank in f4. in ft.
towards left bank in f1t, '
G=#=1 in ft. in ft.
1956 127354.85 6683.54 8521.51 29.85 20400
168 v 6449.62 5747.84 33,49 21800
G 5é 12 169 . 6349.36 5781.26  28.12 17200
'76 ' 6917.46 7686.07 - 28.98 22100
1956 140053.58 11027.84 6750.37  34.57 25400
68 . 6282.5% 8020.25 33.00 23600
G #= 1 169 ) 5580.75 7452.15  30.50 15500
176 . 3274.93 7886.58 29.27 16300
1956 156628.76 17544.29 4611.64 22.19 12200
¢ 4 10 168 s 4611.64 4845.56
'69 ) s 3375.19 4245,31 34.08 30450
76 . 3675.95 5012.65 26.62 12200
1956  180522.42 22055.68 2172.15
G A 9 68 o 3909.87 3542.28  30.80 25600
'69 - 3508.86 3408.61 22.45 7800
76 ,: 3675.95 3675.95  33.29 25100
1956  197231.27 19048.09 8153.92
G=tl8 168 ’s 7552.40 9475.21  28.46 28300
'69 . 8287.59 8955.94 29.84 22900
176 s 3241.52 7351.89 30,21 22900
1956  213438.85 15806.57 6683.54
168 ) 12025,06  6934,17 31,16 35600
G=pf T 169 . 1670.89 6850.63  31.01 23000
'76 . 7017.72  2840.50 29,45 23400
1956 231484.41 2472.91 200 .51
] 168 'y 267.34 3776.20 27.65 15400
G 7 169 ) s 935.70" 3876.45 30.35 15800
73 s 2071.90 28,00

8020,25

23100
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TABLE - II {(Continued)

X~sections Year Length of From Ref. From Ref.

Average Averagc
Ref.line point Dis-pt. Dist . of depth width
from G#=18 tance of Right bank in ft. in f%.
towards left bank in f%. .
G #1 in ft. in ft.
1956 249930.98 6182.27  668.35
¢ 4 5 168 ’s 8287.59 11863,28 22.86 21000
| '69 ’s 8421.26 11999, 49 24,06 21100
176 ,s 8103.79 12063.80 24,17 20400
1956 262729.98 3943.29 2172.15 |
G A 4 68, 4611.64 3107.85 14,06 . 10200
169 v 3809.62 4745.31 14.51 94500
176 ' 5%46.83 5614.17 20.24 11500
1956 284952.75 4110.37 4043.56 |
G 4= 3 168 .y 10961.00 11428.85 20.72 19600
169 ’y 10426.32 10593, 41 21.37 18700
76 ’s 17444.04 3575.76 13,81 21100
1956 306607.42 1069.37 11295.18
G A= 2 168 . 1403.54 5513.92 17.87 12450
169 .5 1069.37 2840.50 21.48 12650
76 , 10292.63 300,76 18.55 13000
1956 327894.49 1804.56 6015,19
G o 1ot 168 , s 7585.82 3542.28
69 ys 8087.08 3176.68
76 - 9356.96 3876.45 21,22 19500
1956 352356.25  8688.60 7351.89 |
& 441 68 ' 9256.70 11368.02
'69 ’o 9524.40 11161.51
76 y 10626.8%11529.11 25400

24.23




TABLE ~ IIT

79

Tata for finding out the relationship between sinucosity
ratio and shape of the river for different years.

dénges river Length zlong Stlength Sinuo- Average Average

range river bend along sity width of Depth W
Year in ft. IR chord in LR channel of a
ft. LB LB in ft. channel
in ft.
GAE18~GAL15  66,835.4  58,748.32 1.14 24,667.5 38482 635.43
GAL15-G4E13 58,414,114 42,106.30 1.39 15,833.33 32,33 489.74
1968 @16 a2t 94,438.42 67,169.58 1.41 20,905  35.15 594.74
GAE T-G4k 5 48,025.%2 39,630.52 1.21 24,000 27,22 881.70
GAA18-GA14  80,703.75 73,686.03 1.10 20,380  36.49 558,51
Gf=16-GAE21  89,726.52 67,604:00 1.33 16,862 33,16 508.59
Gt 2-G411 24,227.83 23,191.88 1.04 16,350 29.31 557.8%
1969 GAE12-GH4=10 31,579.73 29,741.75 1.06 21,050 30.9 681.23
GA= T-G4= 5 48,455.67 39,633.3% 1.22 19,0966.67 28.47 701.32.
G4 6-GE= 3 60,318.95 44,278.45 1.36 12,312.5 22.57 545.53
G 4-GHE 2 44,111.37 40,435.42 1,09 13,600 19.12 711.29.
GH=18-G4E16  38,26%.27 35,589.85 1.08 26,650 40.53% 657.54
GAL1 6-GAE14  45,247.57 38,697.70 1.17 22,083.33 34.8 634.59
GAE1%-GH=11  33,584.79 31,679.97 1.06 16,933.33 28.27 598.99
1976G4=12-G410 32,381.75 29,273.91 1.11 16,866.67 28.29 582,01
Gf=10-G4= 9 24,896.19 24,328.10 1.02 18,650 29,96 622,50
G H-G#e 3 %6,993.39 34,487.07 1.07 17,700 19.41 911.90
Gf= 4-GH= 1 62,491.10 58,013,113 1.08 16,300 18,46 882,99

" vt




TABLE - IV
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Data for finding tuv the relationship between sinucsity
ratio and bed glope of the river for wifferent yrs.

Ganges river Length along St.length Sinuo- Difference Bed elope
Year . range river bend along sity in bed
in £t. LR chord in LR elevation
ft. IB 1B in t+,
GA=18-G#4=15  66,835.4 58,748.32 1.14 7.37 1.10 x 104
CH15-GAE13  58,414.14  42,106.30 1.39 8.20 1.20 X 104
1988 qti6-aitr2 94,438.42  67,169.58 1.41 5.28.  0.56 X 10
G T-G# 5 48,025.32  39,630,52 1.21 40.75 8.48 x 104
GA=18-G#=14 80,703.35  73,686,03 1.10 16,13 2,0 x 04
Gf=16-GA=12 89,726.52  67,604.00 1.33 10.00 1.1 %X 0
. GA=12-G4=11 24,227.8% 23,191.88 1,04 13,00 5.7 X 10
1969 G#=12-G#=10 31,579.73  29,741.75 1.06 17.63 5.58 X 10
GFe T-G#H= 5  48,455,67 39,633,339 1.22 29,48 6.08 X .10
Gf= 6-G#= 3 60,318.95 44,278.45 1.36 12 .67 2.10 X "0
Gh= 4~GH= 2 44,111.,37 40,435,42 1.09 20,50 4,65 X 10
G#=18-G#=16 38,263.27 35,589.85 1,08 7.95 2.08 X 10
GA=16-G#=14 45,247.57 . 38,697.70 1.17 6.95 1.54 X 10
G#=13-GF=11 33,584.79  31,679.97 1.06 10.42 %.10 X 10
1976 GA=12-G#410 32,381.75 29,273.91 1.11 11.50 3.55 X 1077
GA10-CH= 9 24,896.19  24,328.10 1.02 15,25 6.13 x 107
Gf= 5-G#= 3 36,993.39  34,487.07 1.07 19,50 2.75 X 15"
GA= 4-GA= 1 62,491.10  58,013.13 1.08 517 0.85 x 10”4
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TABLE - V

Data for finding out the relationship betw.en meandering

length and average width of the river for different yrs.

Name of Ganges river Meandering length Width of the

years. range ' (wave lzngth in £t.) river in ft.
G #£ 18 - G #£& 21 131,434.18 20,790
G A 13 - 6 A 11 34,207.09 ' 13,885
1969 G #5 10 - @ #& 8 40,785,738 205353, 33
GA T -G #E 3 85,517.74 17,610
G 3 - G4 1 68,414.19 15,902.0C
G 45 18 - ¢ # 14 85,517.74 B4, 910
G A 1% - G # 10 48,679.3% 15,750
1976 G 4 10 - G #& 8 40,785,738 ~ 20,066.67
G#HA T--G#4#£ 5 . 29,602.,29 22,300
G A 4 -G A 1 89,464, 71 18,120
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TABLE - VI

Data for finding the variation of thalweg sinuosity
Between 1967 and 1976.

—

Ganges river Total lﬂngth Stvalpht length Thalweg

fears' range along river of river in ft,. sinuosity
bend in f4. . :

1967 G fm 1o = - 71 39075027 - 328914.37 ies

1968 @ # 18 - ¢ #é1 392065 92 328914,37 S 1.39

1969 & #& 18 - G #-1 378909.35 328914,37 1.15

1976 G #= 18 — G #£-1 359174.49 328914.57 1,09




	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
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097

