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ABSTRACT

The present study is related to the Morphological behaviour
of Brahmaputra -Jamuna River within the territory of Bangladesh.
The analysis has been carried out mainly based on cross-
sectional data for 17 selected stations, namely J-17 to J-1 near
Ccharnatua to Aricha for the years 1969-70,1976-77, 1977-78, 1978-
79, 1981-82,1986-87, 1988-89 and 1990-91. The water 1level,
discharge, width and depth data at station Bahadurabad for the

years 1969-70, 1978-79 and 1981-82 were used for n value studies.

Study of variation of cross-sectional area with elevation
from bottom to high water level shows that at first the area
increases slowly, then increases very fast with faster increase
of width with elevation. No systematic change in the variation of
cross-sectional area, total width and effective width has been
observed at any station over the years. In most of the stations
cross-sectional area increased in certain years and decreased in
other years. Similarly the total width and the effective width
increased during certain periods and decreased during some other

periods.

When the total widths corresponding to HWL of the river
sections at different stations for the year 1969-70 are compared
with the corresponding total widths for the year 1990-91 it is

observed that the total width remained more or less same at

station J-14: increased at stations J-17 to J-15, J-13 to J-11,




J-9 to J-7, J-3 and J-1; decreased at stations J-14, J-10, J-6 to

J-4 and J-2.

similarly a comparison of effective widths of the river
sections at different stations for the years 1969-70 and 1990-91
show that the effective width increased at stations J-17 to J-15,
J-13 to J-11, J-9 to J-07, J-3 and J-1; and decreased at stations

J-14, J-10, J-6, to J-4 and J-2.

In general the changes in the effective width was more rapid
than. the changes in the total width. In most of the cases no
similarity 1in the pattern of variation of total width and

effective width has been observed.

From an over all comparison of mean bed levels of river
sections at different stations for the years 1969-70 and 1990-91
it may be concluded that on an average the mean bed level fell

down in the upper reaches and rose up in the lower reaches.

There has been shifting of right bank towards right at ten
stations and towards left at seven stations. The Tleft bank has
shifted towardé left at ten stations, towards right at five
stations and remained more or less in the same positions at two

stations.

The roughness co-efficient (Manning’s n) values were found
to lie between 0.0103 to 0.0339 and 0.019 to 0.037 in dry season

and wet season respectively.
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CHAPTER—1

INTRODUCTION | c?()p?j;f}
2572

1.1 General

Bangladesh 1is a riverine deltaic country. Almost all the
rivers that flow through Bangladesh are alluvial in nature. An
alluvial river generally changes its position and shape
continually as a consequence of hydraulic forces acting on 1its
bed and banks and related geomorpho1ogica1 forces interacting
with these hydraulic forces. These changes may be slow or rapid
and may result from natural environmental changes or from changes
caused by man’s activities. When a river channel is modified
locally, the change frequently causes changes 1in channel
characteristics both upstream and downstream. The response of a
river to man-induced changes often occurs in spite of attempts to
control the response. However these responses can be better
controlled if the man-made changes are planned and executed

after proper study of river morphology.

Natural and man-induced in rivers frequently set in motion
responses that can be propagated for long distances, and in spite
of the complexity of these changes all alluvial rivers are
governcd by some basic forces. successful river utilization and
water resources development requires an understanding of these
forces. It is necessary that river system design be based on

competent know1edge[of (1) geologic factors, including soil




conditions; (2) hydrologic factors, including possible changes in
flow and runoff, and the hydrologic effects of changes 1in land
use: (3) geomorphic characteristics of the stream, including the
probable geometric alternations that will be activated by the
changes that development will impose on the channel; (4)
hydraulic characteristics such as depth, slope, velocity of
streams and sediment tranport and the changes that may be
expected in these characteristics in space and time; and (5)
ecological/biological chanbges that will result from physical

change and in turn will induce or modify physical changes.

To emphasize the inherent dynamic qualities of river channels,
evidence will be cited to demonstrate that most alluvial rivers
are not static in their natural state. Indeed, scientists
concerned with the history of Tlandforms, vegetation, and the
past activities of man, rarely consider the landscape as
unchanging. Rivers, glaciers, sand dunes, and seacoasts are
highly susceptible to change with time. Over a relatively short
period of time, perhaps a man’s lifetime, the landscape may seem
to be relatively stable. Nevertheless stability cannot be

assumed.

Evidence demonstrates that river channels are continually
changing position, shape, dimensions, and pattern. Some of the
changes has been natural and some has been the conseguence of

river development work.




In alluvial river systems, it is the rule rather than the

exception that floodplains, islands, and side channels will

undergo modification and banks will erode, sediment will be
deposited with time. Such changes may be very slow or

dramatically rapid.

From ancient times to the present days, rivers have been
playing a dominant role 1in human activities. For this reason,
rivers have been constantly the subject for study by man. During
monsoon, rivers carry huge dischage and heavy sediment composed
of sedimentary rocks, clay, silt and fine sand which are supplied
by the drainage basins. Therefore sediment along with water and
hence waterflow cannot be seperated from the problems of erosion
and deposition. These cause the rivers to be extremely unstable,

change the corss-section both horizontally and vertically and

also changes to geomorphic and other hydraulic characteristics.

The mighty rivers, the Ganges, the Jamuna and the Meghna and
their distributaries and tributaries flowing through Bangladesh
are heavily charged with sediment and major part of Bangladesh is
formed from sediment deposited by them. These rivers have
occupied and abandoned numerious river courses and drain one of
the heaviest rainfall area of the world. From study of cross-
sections of these rivers, it is seen that during lean period flow
is confined only in the deepest channel of very sinuous nature.
Cross-sectional study also shows that there are changes in
cross-sectional area, slope, thalweg, bed level etc. throughout

the year. Again these parameters changes from year to year due to




changes in water discharge and sediment 1load. Recognizing such
changes in river characteristics and importance of having better
knowledge about such river characteristics, the present study
with the Jamuna river has been taken. The study 1is expected to
give some idea about the morphological behaviour of the river
Jamuna. The Jamuna river has been selected for the present study
because of its large discharge and heavy sediment load which make
the river extremely unstable. The importance of the Jamuna river
in the context of Bangladesh is another factor of selecting the

river for such morphological study.

1.2 Objectives of the Study

The objectives of the present study are

i) To study the variation of cross—-sectinal area with
elevation at selected stations over the years and

thereby to have some idea about bed level rise or fall.

ii) To study the movement of effective conveyance area

across the width.

ii1) To study the ‘n’ value variation with stage for the reach

around Bahadurabad.




CHAPTER—2

RIVIEW OF LITERATURE

2.1/ Introduction

Rivers are responsible for draining landmasses and carrying
the water sediment to the ocean. In accomplishing this task the
water forms and maintains a highly organized system of physical
and hydraulic features. Details of interrelations in this
organized system are highly complex, and it 1is difficult to
visualize many of them simultaneously. Yet, these
interrelationships constitute the distinctive characteristics of
rivers, and some understanding of the basic types of rivers is

necessary before complex relatinships can be understood.

2.2 Channel Patterns

The pattern of a river is defined as the appearance of a
reach in a plan view. If the plan views of most of the major
rivers are examined, they can be classified broadly into three
major pattern, straight, meandering and braided (Leopold et al
1964). These types are shown diagramatically in figure 2.1.
Although these three types represent the major divisions, it
should be realized that a continuous gradation exists between one
type and another. In any single river, therefore, it is common to

find more than one type of pattern existing along its Tength.

Chital (1970) divided the channels into single and
multithread with a transition pattern 1in between them. Single

channels are futher subdivided into meandering, straight and
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transitional between them, and multiple channels are subdivided
into braided channels in submontane regions and braiding

channels in alluvial fan or deltas near the sea.

From the view point that rivers present a wide spectrum of
intermediate form between braided and meandering type Kellerhals,
Church and Bray (1970) proposed detail classification of river

channels, islands and channel bars.

The various types of channels was classified based on
pattern and type of sediment load with their relative stability
by Schumm and Meyer (after Schumm, 1980). This 1is shown in
figure 2.2. The channel pattern are discussed in the following

articles.

2.2.1 Straight Channel

A straight channel can be defined as one that does not
follow a sinuous course. Leopold and Wolman (1957) have pointed
out that straight channels are rare in nature. Although a stream
may have relatively straight banks, the thalweg, or path of
greatest depths along the channel, 1is usually sinuous (figure
2.1(b). As a result, there is no simple distinction between
straight and meandering channels. Straight channels with

prismatic cross-section are not common in nature. It 1is only

possible for artificial channel.
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The sinuosity of a river, the relation between thalweg
length to down valley distance is most often used to distinguish
between straight and meandering channels. Sinuosity varies from a
value of unity to a value of three or more. Leopold, Wolman, and
Miller (1964) took a sinuosity of 1.5 as the division between
meandering and stragight channels. It should be noted that in a
straight channel with a sinuous thalweg developed between
alternate bars (figure 2.1(b) a sequence of shallow crossings and
deep pools is established along the channels.

Reaches of a river that are relatively straight over a long
distance are generally classed as unstable, as are divided flow
reaches, and those in which bends are migrating rapidly. Long
straight reaches can be created by natural or man-made cutoff of
meander loops where long reaches of sinuous meandering channels
with relatively flat slopes are converted to shorter reaches
with much steeper slopes. Straight reaches can also be man
induced by placing of contraction works such as dikes and
revetment to reduce or control sinuosity. As noted, even where
the channel is straight .it is normal for the thalweg to wander
back and forth from one bank to the other. Opposite the point of
greatest depth there is usually a bar or accumulation of sediment
along the bank, and these bars tend to alternate from one side of
the channel to the other (figure 2.3). At low stages, then, the
thalweg in a straight reach tends to meander within the high-
water channel, forming short pools and relatively long and
shallow crossing generally unsuitable for navigation. The

alternate bars control channel pattern and, thus, their stability

determines the stability of the reach.




If a river is dredged as a straight channel it can remain as
such depending on the regime of the river, the erodibility of the
banks, etc. Sometimes only part of a river is straight mostly a

stretch of a few miles in between two meander bends.

2.2.2 Meandering Channel

A meandering channel is one that consists of alternating
bends, giving an s-shape appearance to the plan view of the river
(figure 2.1(c). More precisely Lane (1957) concluded that a
meandering stream is one whose channel alignment consists
principally of pronounced bends, the shape of.which have not
been determined predominantly by the varying nature of the
terrain through which the channel passes. The meandering river
consists of a series of deep pools in the bends and shallow
crossings in the short straight reach connecting the bends. The
thalweg flows from a pool through a crossing to the next pool

forming the typical s-curve of a single meander Toop.

Figure 2.3 shows the plan view and some cross—-sections of a
typical meandering stream. In this figure, one observe the
position of the thalweg, the location of the point bars,
alternate bars and the location of the pools and crossings. Note
that in the crossing the channel is shallow compared to pools and

the banks may be more subject to erosion.

As shown schematically in figure 2.3 the pools tend to be

some what traingular in section with point bars located on the

inside of the bend. In the crossing the channel tends to be more
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rectangular, widths are greater and depths are relatively
shallow. At low flows the local slope in steeper and velocities
are larger in the crossing than in the pool. At low stages the
thalweg is Tlocated very close to the outside of the bend. At
higher stages, the thalweg tends to straighten more specifically,
the thalweg moves away from the outside of the the bend
encroaching on the point bar to some degree.In the extreme case,
the shifting of the current causes chute channels to develop

across the point bar at high stages.

2.2.3 Braided Channel

A braided river 1is generally wide with poorly defined and
unstable banks, and is characterized by a steep, shallow course
with multiple channel divisions around alluvial islands (figure
2.1(a). Braiding was studied by Leopold and wWolman (1957) 1in a
laboratory flume. They concluded that braiding is one of many
patterns which can maintain quasiequilibrium among the variables
of discharge, sediment load, and transporting ability. Lane
(1957) concluded that, generally, the two primary causes that
many be responsible for the braided condition are: (1)
Ooverloading, that is the stream may be supplied with more
sediment than it can carry resulting in deposition of part of the
load, and (2) steep slopes, which produce a wide shallow channel

where bars and islands form readily.

Either of these factors alone, or both in concert, could be

responsible for a braided pattern. If the channel is overloaded

with sediment, deposition occurs, the bed aggrades, and the slope




increases in an effort to maintain a graded

of the channel

condition. As the channel steepens, the velocity increases,
multiple channels develop and cause the overall channel system to
widen. The multiple channels, which form when bars of sediment

accumulate within the main channel, are generally unstable and .

change position with both time and stage.

Another cause of braiding is easily eroded banks. If the
banks are easily eroded, the streams widens at high flow and at
low flow bars form which become stabilized, forming island. In
general, then, a braided channel has a steep slope, a large bed-
material load in comparison with its suspended load, and
relatively small amounts of silts and clay in the bed and banks.
The braided stream is difficult to work with in that it is
unstable, changes its alignment rapidly, carries large quantities
of sediment, is very wide and shallow even at flood flow and is

in general unpredictable. The Brahmaputra (figure 2.4) 1is an

example of a braided river.

2.3 Variables Affecting River Behaviour

variables affecting alluvial rivér channels are numerous and
interrelated. Their nature is such that, unlike rigid boundary
hydraulic problems, it is not possible to isolate and study- the
role of any individual variable. According to Lane (1957), the

Major factors affecting alluvial stream channel forms are:
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(1) Stream discharge (2) Sediment load (3) Longitudinal slope (4)
Resistance of banks and bed to movement by flowing water (5)
Vggetation (6) Temperature (7) Geology including types of

sediment and (8) Works of man.

The fluvial processes involved are extremely complicated
and the variables of importance are difficult to isolate. Many
laboratory and field studies have been carried out in an attempt
to establish relationships among these and other variables. The
problem has been more amenable to an empirical solution than an

analytical one.

In an analysis of flow in alluvial rivers, the flow field
is complicated by the constantly changing discharge. Significant
variables are, therefore, quite difficult to relate
mathematically. It 1is normal to Tlist measurable or computable
variables which effectively describe the processes occuring and
then to reduce the 1list by making simplifying assumptions and
examining relative magnitudes of variables, striving toward an
acceptable balance between accuracy and limitations of obtaining
data. When this is done, the basic equatidns of fluid motion may
be simplified (on the basis of valid assumptions) to describe

the physical system.

2.4 Channel Geometry
The geometry and shape of an alluvial channel is the result
of the interaction between water discharge, the quantity and

characteristics of sediment discharge, composition of bed and
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bank materials etc. The bed and banks of alluvial channels are
mostly composed of non-cohesive granular materials. The. erosion
and subsequent transportation and deposition mainly results from
the interaction of moving fluid and its loose boundary. Prolonged
interaction tend to achieve the equilibrium or in regime status.
A channel in regime exists in a state of dynamic equilibrium self
adjusting its channel pattern, cross-sectional geometry, slope
and bed form. These adjustments occur as the channels ability to
transport sediment balances the available sediment 1load. Also,
the geometry of meanders and braids and the characteristics of
the river valleys and river flood plain play an important role in

channel geometry.

The plan geometry of the Jamuna river near Serajgonj after
1970 flood is shown in figure 2.5. The outlines of the channels
in the upper portion of the region of the map on figure 2.5 have
been sketched (dashed 1ine) 1in their approximate locations. The
main channel of the Jamuna river in August 1970 1is shown by the
arrows on figure 2.5. No measurement were taken of channel flows
in this region but studies of the elevations of the river bed and
visual observations indicate that the main channel crosses from
the left to the right bank just upstream of Serajgonj.
Computations based on the sounded bed elevations by ECI (1970)
showed that 60% of the flow was in the channel next to the right
bank (section A-A on figure 2.5), 30% in the middle channel
(section B-B) and 10%¥ in the 1left bank channel (section C-C) in
August 1970. Also, it 1is estimated that 75% of the total flow

crossed section D-D.
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Visual observation indicate that most of the flow passed
through the sharp bend on the 1left bank just upstream of the
cross-over channel. Erosion along the outside of the bed on the

left bank appears to be very severe.

The reason for the development of the erosion problem at
Serajgonj during recent years is the bend on the left bank
upstream of Serajgonj. The bend carries a large percentage of the
total river flow and directs this flow across the river where it

impinges on the highly erodible right bank.

The main channel of the Jamuna river will remain in its
position shown on Figure 2.5 until the 1left bank bend has
migrated downstream for enough to redevelop the left bank channel
or until a large flood redistributes the islands and bars along
this reach of the river. There is only minor changes of those
bars near Serajgonj since 1970 as observed in September, 1985. It
would appear that the immediate future right bank erosion will

accelerate as the left bank bend moves downstream.

2.5 Factors Influencing River Geometry

The factors that govern the geometry and reoughness of an
alluvial river are numerous and inter-related. Their nature 1is
such that it is not possible to isolate and study the role of an
individual variable. Thus,if one attempts to evaluate the effect
of increasing channel depth on average velocity, additional
related variables respond to changing depth. Similarly, not only

will the velocity respond to change in depth, but also the form




of bed roughness, the position and shape of alternate, middle

and point bars, the shape of cross-section, the magnitude of
sediment discharge and so on. Consequently the study of the
mechanics of flow in alluvial channels and the response of
channel geometry has been the subject of study by many.

investigators at various time.

There are several variables which influence the geometry of

alluvial rivers some of the important variables are (Simon
1971):

Vr D, S,_P,}L, g, d16’ps’ Sp1 SR1 SC’ fS, CT'

where,

= Velocity

= depth

= Slope

= density of water-sediment mixturte

= apparent dyanmic viscosity of the water sediment mixture

= aceleration due to gravity

grain size of the bed materials

measure of size distribution of bed materials

density of sediment
= shape factor of the particles
= shape factor of the reach of stream

= shape factor of the cross-section of the stream
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f. = seepage force in the bed of the streams

concentration of the bed material discharge.




The role of the variables on resistance and bed form have been
discussed by Simons and Richardsen (1962). Their importance on

the geometry has also been partially explained by Simons (1971).

2.6 Zones of Flow Convergence and Divergence for Braided River
Braided rivers are characterized by having a number of
alluvial channels with bars and islands between meeting and
dividing again, and presenting from the air the intertwining
effect of a braid (Lane 1957). The division and joining of
channels are essential features of braided rivers and whilst the
bars within these rivers have received attention from both
geomorphologists and sedimentologists, the areas of flow
convergence and divergence have not been incorporated into
braided river depositional models. The flow dynamics and
morphology of channel confluences have been studied by the
researchers:; Best and Roy 1991; and recent attention has
highlighted the abundant confluences within braided rivers
(Ashmore 1982, Ashmore & Parker 1983, Klaassen & Vermeer 1988).
However, the 1link between flow convergence and the downstream
division of flow has been neglected, despite the fact that this
transition is the area which may be of fundamental importance to
the development of braid bars (Ashworth et al. 1992). Although
some depositional models of braided rivers are beginning to
recognise and incorporate confluence scour and fill (Bristow et
al, 1993), areas of flow divergence are less well understood and
ignored in these models. In general, flow divergence 1is
associated with flow deceleration and sediment deposition and,

once deposition has been initiated, the sediment accumulation is




likely to promote further flow division, deposition and bar
formation. Divergent flow may also impinge on the bank at an
increased angle leading to bank erosion, channel widening and a
local increase in available sediment, all of which are 1ikely to
jead to the development of a new braid bar. The deposits of
diffluence areas may therefore form the foundations of braid bars
but there are no known descriptions of these deposits and their
internal structure. It is possible that some sedimentation may
occur by vertical or even upstream accretion in the diffluence
areas in braided rivers (Ashmore, 1982) and these must be
manifested within the sedimentary record. Bed shear stress has
been shown to increase in shallow flows over bar tops (Cheetham,
1979) where a coarse bed armour may form. In coarse-grained
braided rivers the bar heads may be characterized by coarse-
grained sediments that are imbricated or laminated (Bluck, 1979).
There is a clear need for both an understanding of the fluid
dynamics of the diffluence zone and how this may influence braid

bar initiation and internal structure (Best and Bristow, 1993).

2.7 Review of Previous Studies

After devasting floods of 1954 and 1955 it was considered
necessary to investigate and study the hydro—morpho]ogica1
aspects of the major rivers of the country and their tributaries
and distributaries, in order to prepare comprehensive flood
control plan to minimize flood hazards. Accordingly a scheme
“Control over Brahmaputra for flood control (survey)” was
prepared and then “Brahmaputra Circle with two field Divisions-

Division-1, head quarter at Dhaka and Brahmaputra survey
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division-11, with head quater at Mymensingh, initiated the hydro
morphological data collection programme since October, 1964. Now
the morphological data on the river Jamuna are collected by the

morphology division of BWDB.

Over the past decades many studies on morpholgical changes
of major rivers in and outside of Bangladesh have been made.
According to Galay (1987), morphology is a result of the
interaction of the hydraulics of flow (velocity, discharge
roughness and shear), channel configuration at the reach and
immediate upstream (width, depth shape, slope and pattern), lToad
entering the reach (Caliber and amount), and bed and bank
material. E. Mosselman, M. Huisink, E. Koomen and A.C.
Seymonsleergen (1993), had studied on the morphological changes

in large braided sand bed river.

According to Schumm (1977), the variable that significantly
controls river morphology is the sediment load. Lacey (1930)
concluded from an analysis of regime canal data that the wetted
perimeter of a channel is directly dependent on discharge, but
that the shape of the channel reflects the size of the sediment
load. Coarse sediment load produces channels of high width/depth
ratio, and fine sediment produces narrow and deep cross—-section.
schumm and Khan (1972) have also stated the same opinion. Leopold
and Maddock (1953) have dealt with this aspect in detail. Kouich
vyamamoto (1994) had studied some morphologic and hydrologic

characteristics of alluvial rivers in Japan. According to

Professor dr. M. de.Vries (1993), the bed level to be chosen at




the toe of the bank protection is an important morphological
problem. The design bed level 1is governed by four more or Jless
independent morphological processes (i) Over all degradation of
the rive 1is possible (ii) Seasonal degradation may be present
(ii1) constriction scour may be induced (1iv) Local scour may  be

induced by groynes.

In recent years several studies on morphological changes of
major rivers in Bangladesh have been made. Dad (1977) analysed
the shifting pattern of the Ganges river based on the plan map of
the banklines. According to Dad (1977), the shifting of thalweg
is due to movement of sand bars, mid-islands and due to
aggradation. Historical maps for banklines of the Ganges have
been compiled by the water investigation directorate of BWDB for

the year 1780, 1855 and 1868 for this reach (BWDB, 1978).

Bari (1978) has analysed the sediment data of the Ganges
river at Kalikapur for the year 1970, 1972 and 1973. He concluded
that Colby and Engelund-Hansen Formula yield a result which may
be comparable with the measured values. He also developed rating
curves for the Ganges at this station. Alam and Ahmed (1980) have
also analysed the sediment data at the same station by using

various transport equations for the period 1969 to 1972.

Galay (1980) and Chowdhury (1986) reported to have conducted
some studies on the shifting character of the Ganges using
historical maps. Master Plan Organization (MPO, 1984) analysed

the cross-sectional data of the Ganges in details. Hossain (1989)




studied the erosion-deposition pattern, shifting characteristics
and rate of change of cross-section and thalweg movement,
including sediment transport of the Ganges. He found that the net
deposition in the Ganges upto Brahmaputra Confluence was
approximately 4.26 x 108 m3® during 1967-68 to 1979-80 which
corresponds to about 4.30 cm sediment deposition each year

throughout the reach.

Das (1992) has studied on the variation of hydraulic
geometry of the Ganges, interms of area, width, depth, discharge
for all available years from 1967-68 to 1990-91 and developed
relationships between area and width, width and hydraulic radius.
Islam (1993) analysed the numerical simulation of bed level
changes of the Ganges. Ashrafuzzaman (1992) studied on
morphological aspects of the Arialkha and Kamrunnessa (1994)
studied on geomorphic and sediment transport characteristics of

the river Surma.

Analysis of the channel processes, sedimentation and
hydraulic characteristics of the Jamuna has been done by Coleman
(1969). Shahidullah (1978) studied the course of Brahmaputra-
Jamuna which has changed radically over the years 1830-1963. The
bank movement maps show that the river has a tendency to move
towards the west. Khan H.R. (1975) analysed on roughness
coefficient for some rivers in Bangladesh. Rahman (1978) had
studied the erosional pattern of the river reach, its migrating

tendency and direction of movement, formation and movement of

sandbars and mid-channel Islands on .its bed for the river Padma




from Ganges-Brahmaputra confluence near Chandpur. He produced

some relationships between thalweg sinuosity with meander

pattern.

According to the investigation on Jamuna river crossing by .
the Department of Water Resources Engineering, BUET (1985) the
daily maximum rate of erosion is about 75 ft in the west bank and
about 5 ft in the east bank. The studies were conducted only for
a short period from May 23, 1969 to July 9, 1969. This period
represents the early flood period in the Jamuna and during this
period the net migration of the west bank was about 220 ft
representing an average rate of shifting. Habibullah (1985)
analysed the cross-sections of Jamuna and determined the bed
leve] varijation between the years 1965-66 to 1983-84 for the
reach Aricha to Charnatua. He found that there is a trend of bed
level rise in the upper reach and fall in the Tlower reach. The
highest rise and fall occurred at stations J-12 and J-10
respectively. Hossain (1991) reanalysed the bed level variation

of the Jamuna for the reach Aricha to Charnatua.

sultana (1989) studied on critical review of data
collection, processing, publication procedure and compared
sediment load estimated by Yang and Hossain formulae for Jamuna
river. She found that during October to December the daily
maximum and the minimum sediment flow at Bahadurabad is 0.98 m
tons and 0.14 m tons respectively. The total sediment flow for

the year 1982 is found to be 244 million tons per year. Halder

(1989) analysed on changes in river section characteristics of




Brahmaputra-Jamuna river at selected stations. Nahar (1991)

developed a numerical model to calculate the change of bed level
at different locations of Jamuna from Bahadurabad to Serajgonj.
The China-Bangladesh Joint expert team (CBJET,1991) studied on
Hydrological and river morphology of the Brahmaputra river in .
Bangladesh. According to CBJET study, most of the bankline
shifted by 5-10 km toward the right except some Tlocal bankline
shifting toward the left. The annual sediment load at Bahadurabad
by MPO, FEC, Coleman and CBJET report are 387 x 106 tons, 431 x
106 tons, 607 X 106 tons and 499 x 106 tons respectively. The
China Bangladesh Joint expert team (CBJET, 1991) studied the
behaviour of the confluence of the Brahmaputra and the Ganges

river.

Flood action Plan (1992) studied classification of river
pattern, Jamuna fluvial processes morphological effects of
development scenarios etc. Dilip K. Barua (1993) compiled the
morphological processes in the Bangladesh river systems. Alam,
Chowdhury and Rahman (1995) analysed on the changes in river
section characteristics of the Brahmaputra-Jamuna river. Rahman
(1995) studied on investigation of 1islands 1in the Brahmaputra
river and finds that middle zone islands are some how larger than
that of the upstream or downstream islands. Except the above
studies, FAP24 survey project (1994) gives the following

important studies which deal with the morphology of the

Brahmaputra/Jamuna river.
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CHAPTER 3

RIVER BRAHMAPUTRA—JAMUNA

AND ITS CHARACTERISTICS
3.1 GENERAL

The Brahmaputra-Jamuna is one of the Tlargest rivers in the

world, ranking fifth in terms of discharge, eleventh interms of
drainage area and third in terms of sediment discharge. The river
is braided with meta-stable islands and nodal reaches, mobile sand
bars, shifting anabranches and severe bank erosion. 1Its large
dimensions make it difficult to understand its behaviour and
morphological changes. Also because the river is highly mobile due
to its fine sediments and the large floods it is experiencing
almost every year, its platform is changing completely in a few
years only. Fig. 3.1 shows that the discharge starts increasing in
April and the first peak flood generally occurs in June-July and
is characterized by a rapid rise, the peak flood of Jamuna is

generally earlier than the one in the Ganges River (Hannan, 1993).

3.2 The Brahmaputra-Jamuna and its Drainage Basin

The Brahmaputra originates from the famous Manas Sarowar in
chemayundang glacier as Tsangpo which flows eastward for about
1248 km (775 miles) in a constricted valley through Tibet. The
river Tsangpo takes a sharp bend southward before meeting Dihang,
enters Assam from the north and meets with the Dihang and Luhit
some 48 km (30 miles) north-east of Dibrugarh. This combined flow

assumes the name Brahmaputra and continues to flow through Assam

towards south-east before entering Bangladesh from the north as
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shown in figure 3.2.

Jamuna is the lowest part of the Brahmaputra river and it
flows through Bangladesh. In Bangladesh the river flows south and
takes on the flows of the Teesta just south of Chilmari and north
of Hurasagar in between Porabari and Nagarbari and then joins the
mighty Ganges near Goalundo. Within Bangladesh, the most important
distributary is the 01d Brahmaputra, the former course of the
river over 200 years ago. Further downstream, another major
distributary, the Dhaleswari leaves the left bank of the
Brahmaputra just below Siragonj is shown in figure 3.3. Thus
distributary has formed rather recently (between 1870 and 1920),
but preliminary examination of aerial photographs does not seem to
indicate that it is increasing significantly in size. The combined
flow of the Brahmaputra and Ganges, with the name Padma flows
south-east before meeting another big river-the Meghna at Chandpur.
From Chandpur the combined flow, one of the largest in the world-
only exceeded by the Amazon and Congo, flows southward with the

name Meghna and falls into the Bay of Bengal.

The course of the river Brahmaputra is shown in figure 3.2.
The total length of the Brahmaputra river from the source 1in the
Himalaya to the Bay of Bengal is about 2900 km (1800 miles). The
length of the alluvial reach between the India-Chinese border and
the confluence with the Ganges river 1is about 1,100 km (683
miles). The length of the river in Bangladesh upto the confluence
with the ganges River is abut 240 km (149 miles) (FAP24, 1994).
According to Latif (1969), the total length of the Tsangpo-

Brahmaputra-Jamuna river upto Goa}undo is 2575 km (1600 miles).
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The total drainage area down to Aricha is 5,80,455 sqg.km (2,24,000
sg.miles) of which 2,92,819 sq.km (1,13,000 sg.miles) area is in
Tibet, 2,40,992 sqg.km (93,000 sg.miles) in India and only 46,644

sq.km (18,000 sg.miles) in Bangladesh (Rashid, 1977). Although the

Brahmaputra has a much smaller total length and drainage area than.

other major rivers of the world, its discharge is one of the
highest, only exceeded by the Amazon, Congo and Yangtze. The
average discharge of the Jamuna river during flood is about 50,000
m3/sec (Nazimuddin, 1988). Average annual discharge, based on the
data of the period 1965-1984 at Bahadurabad is approximately
19,412 m3/sec (6,85,000 cusecs) (Habibullah, 1987). The max imum
and the minimum discharge recorded at Bahadurabad in between 1965
and 1984 are 91,100 m3/sec (32,14,696 cusecs) in 1974-1975 and
2,860 m3/sec (1,00,922 cusecs) 1in 1970-1971. It is estimated that
the highest recorded discharge of the Jamuna at Bahadurabad during
the flood of 1988 was of the order of 1,00,000 m3/sec. The
average water surface slope is approximately 7.6 cm per km for the
upper reach of the Jamuna river and 6.5 cm per km for the lower

reach (Hannan, 1993).

The valley slope of the river decreases in downstream
direction. Near Bahddurabad it is about 8 cm per km, while near
the confluence with the Ganges river it 1é about 6 cm per km. The
bed material of the river is fine sand, with Dgq varying between

0.22 mm at Chilmary and 0.165 mm near Aricha (Hannan, 1993).
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3.3 Tributaries and Distributaries of Brahmaputra-Jamuna River
Major tributaries and distributaries of Brahmaputra-Jamuna
river include two right-bank tributaries and two Teft-bank
distributaries. The two major right-bank tributaries are the
Teesta River and the Atrai-Gur River. The teesta River switched
its course some two hundred years ago. It is a coarse sand bed
braided river. In 1990, a 615 m long barrage was costructed on the
river. Very limited information and data are available for these

two rivers.

There are two major left-bank distributaries of the
Brahmaputra-Jamuna River, they are the abandoned course of the
Brahmaputra River (now known as O1d Brahmaputra River) and the
Dhaleswari River which was an old distributary of the Ganges
River. Both of these rivers empty into the upper Meghna River,
often through some small distributaries. According to historic
perspectives, both the rivers appear to be loosing their

conveyance functions.

The old Brahmaputra River appears to be going through a
secular period of aggradation. The river at present reduced to a
mere spill channel of the Brahmaputra-Jamuna River, active only
during high river stage. Therefore, 1its hydrological regime is
more like flashy than perennial. The annual average discharge of
the river appears to be showing a decreasing trend, from being
about 800m3/s in 1964 to 500 m3/s in 1991 (DELFT-DHI, 1994). The
former discharge represents only 4% of the Jamuna River flow. The

sinuosity of the upper reach of the river appears to be decreasing
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from 1.6 in 1973 to 1.4 in 1989.In the lower reach, the sinuosity
is some 1.3. Another interesting feature of this river is the
development of the offtake during the past 20 years. Monitoring of
satellite imageries revealed that the offtake was neér1y closed
during the 1973-82 period, became wider again during the 1983-89
period and nearly closed again from 1990. The offtake is affected
by the overall westward migration of the Brahmaputra River. 1In
the mean time, however, an interesting development occurred which

is the capture of the Jinjiram River as its tributary.

At present the Dhaleswari River offtakes at two locations,
the downstream offtake is more active than the upstream offtake.
The upstream offtake is presently closed by the Jamuna Bridge
construction activities. The annual average discharge of the
Dhaleswari River reduced from about 1750 m3/s in 1969 to 600 m3/s
in 1987 (DELFT-DHI, 1993). This range of discharge represents some
7% and 4% of the Jamuna river discharge. The sinuosity of the
river is 1.6 in the upper reaches and 1.3 in the lower reachs. The
bed slope of the river also reduces downstream,from being 6x 10—5
in the upper reaches to 3 x 10_3 in the lower reaches (Barua,

Klaassen and Mahmood, 1995).

3.4 Width and Depth of the Brahmaputra-Jamuna River

The Brahmaputra-Jamuna is a wandering braided river with
multi-branches and chars (bars and islands). From cross-sections
analysis, it is seen that the cross-sections of the upper and
middle reaches have many branches with different widths and

depths,but the lower reach near Aricha is a transitional reach
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with a single channel cross-section. The widths corresponding to
the high, medium and low water levels along the river are shown 1in
figure 3.4, illustrating that the water width varies from 4 km to
5 km at the medium water level, from 2 km to 3 km at the low water
level, from 8 km to 15 km at the high water level. It implies that
the channel corresponding to the moderate and 1low discharge.is
relatively stable and smooth but at high discharge the channel

along the river is not uniform (CBJET, 1991).

The average width of the Brahmaputra-Jamuna river was 6.2 km
in 1830, 6.8 km in 1861 and increased to 9.9 km 1in 1944. Since
then, the width of the river varies in the range of 9-10 km. It
means that upto 1944, the developed width of the river is 1in 1line

with the incoming discharge and sediment load (CBJET,1991).

The maximum width, reflecting the range of channel, along the
river is shown in figure 3.5. Like other alluvial river, the
Brahmaputra-Jamuna river 1in 1944-1988 had the wider channel in
upstream reach and the narrower channel 1in downstream reach. The
present minimum channel width in the reach downstream of J-8 (Ch.
149.50 km) is close to the historical minimum width which means
that the channel width was stable in recent 100 years, thereby
providing a reference for the design of stable cross-section in
river rectification and channel stabilization (CBJET, 1991).

Again within Bangladesh, the channels vary considerably in
width ranging from less than 2 km to 13 km. During low flow the
channels shift back and forth between the main stream banks, which

are often 6-13 km apart (Coleman, 1969).
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Around Sirajgonj, the width of the river varies from 3 km to

18 km. Maximum channel depth is 40 m and mean channel depth is
around 5m, although this varies with stage fluctuations which are

around 7-8 m per annum (Bristow, 1987).

Buring rainy season, many islands (Chars) go under water. One
braided portion is to the east of Kurigram Thana, where the four
main channels and three islands are together 11 km 1in breadth.
North of Sirajgonj, another braided stretch, 10 km in breadth.
The greatest breadth of clear stretch is 6 km (Hossain, 1974). The

maximum width during flood is more than 15 km (Nazimuddin, 1988).

It is a wide and shallow river. In dry season the navigation
depth on shoal (riffle) is 1.75 m in the upstram reach and 2.5 m

in downstream reach (CBJET, 1991).

3.5 Longitudinal Deformation of the Brahmaputra-Jamuna River

The phenomena of channel deformation are the consequences of
the interaction of flow and channel boundary. The degradation and
aggredation have complicated variations over time and space due to
the frequent changes of flow and sediment carried and the non-
unified sediment composition of channel bed. In order to meet the
needs of planning and design of river training works, the channel
degradation and the aggradation in a short period of time should
be further studied. The former reflects the tendency of channel
development and Tlatter, for example, the channel deformation in

monsoon season or in a flood indicates the range and rate of

channel degradation and aggradation of the river. Sometimes the




local channel deformation, such as around the head of groyne and

near the dike, should also need further investigation.

According to the experience in China, there are three
approaches to study the longitudinal degradation and aggradation
of channel, i.e. the method of sediment discharge, the method of
water level and the method of cross-section (or topography). The
method of sediment discharge is used to study the degradation and
aggradation of the reach for a long or a short period according to
the differences of sediment load between the upper and the Tlower
stations for the same period. The method of water level is used to
study the tendency of channel degradation and aggradation for Tong
term according to the changes of water level at the same
discharge. The changes of water level during a flood is also used
to study the degradation and aggradation processes in the flood.
In the method of cross-section, the measured cross-sections are
directly used to calculate the amount of degradation or
aggradation within the measuring duration. For the Brahmaputra
River, due to the difficulties of sediment measurement; the
degradation and aggradation cannot be determined accurately by the
method of sediment discharge. SO, the other two methods are used

for determining the degradation and aggradation of the river.

Table 3.1 Amounts of Degradation and Aggradation from J-2 to J-17
during the period of 1965-1966 to 1988-89

1965-66 to 1988-89, +0.2240

Period "Total (107m°)iMain channel (109m3) ' char(107m>)
1 | I
1965-66 to 1980-81, -0.2780 H -0.4804 1 +0.2024
1980-81 to 1988-89; +0.5020 : +0.5968 . -0.0948
! +0.1164 i +0.1076
L |
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From table 3.1 it is seen that from 1965-66 to 1980-81, the river,

including the main channel and the chars, suffered from erosion by
0.278x109m3, whereas in the period of 1980-81 to 1988-89 deposition
occurred in the river by 0.502 X 109m3. Hence from 1965-66 to
1988-89, the river as a whole, was in aggradation of 0.224 X 109m3.
and accordingly, in consideration of channel width 6 km, on an
average the channel was raised by 0.25 m with an annual thickness
of 1 cm. Therefore, the Brahmaputra River 1is practically in
equilibrium having only a slight deposition.

Figure 3.6 shows the degradation and aggradation
distributions along the river. It indicates that in the period of
1965-66 to 1980-81, the channel in the reach upstream of cross-
section J-12 was in deposition while in the reach downstream of
J-12-1(cross-section between J-12 and J-13) suffered from erosion.
on the contrary, 1in the period from 1980-81 to 1988-89, the
channel upstream of J-12 was eroded and the channel downstream of
J-12-1 (cross-section in between J-12 and J-13) was deposited, but
as a whole the channel was in the state of slight deposition.

After further analyzing the cross-sectional data with an
interval of five years, an important phenomenon is found as shown
in figure 3.7. In the period of 1976-77 to 1980-81, a successive
channel deposition occurred in the reach upstream of J-12-1
(cross-section in between J-12 and J-13). In the period of 1980-81
to 1985-86, the front of the successive deposition shifted to J=6
and a new deposition was found in the reach upstream of J-14-1
(cross-section in between J-14 and J-15). This pehnomenon reflects
the process of the movement of the large successive deposition

from the upstream to the downstream reach.
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The deposition and erosion of the Tlower Brahmaputra River are

affected by the various conditions in the upper reach. The
literatures i1lustrated that the great Assam earthquake occurred
in 1950 1in upper Assam and the whole hill sides with earth and
debris slipped into the river and made the river risen by 3 m at
Dibrugarh in five years. From 1950 to 1957, the channel bed rose
by 0.5-2.4 m in a reach of 168 km for the Brahmaputra River in
India. The deposition 1in the upper Brahmaputra river was
transported along the river course downstream to Bangladesh. After
1957, the deposition was transferred further downward. In Assam

reach, India, the channel was eroded by 0.316 X 109m3, whereas the

channel downstream of Bessamara was deposited by 1.1 X 109m3.

Subsequently, it can be inferred that the sediment previously
deposited in the channel of the upper reach has been carried into
the lower Brahmaputra River in Bangladesh since latter 1970s. As a
result, the channel bed of the downstream reach had gradual

deposition (CBJET, 1991).

3.6 Channel Migration/Shifting

The Brahmaputra-Jamuna is a Jlarge multi-thread braided
channel, and during low flow the channel shifts back and forth
between the main stream banks, which are often 6.50-13 km (4-8
miles) apart. The short term channel migration of the river is
guite drastic, with rates of movement as high as 792 m (2600 ft) a
year being common. Aerial photographs of the river show numerous
channels, shoals, and islands, which indicate a river of 1ow

hydraulic efficiency and a heavy sediment load. The channels of
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the river have a wide and shallow bed chocked with sand bars.
water flows in a number of branching and reuniting channels, with
one or two often serving as major channels. The mid channel
islands and sand banks shift rapidly with the ever—-changing flow
regimes, and in coseqguence there is a day to day variation in

channel configuration (Coleman, 1969).

Several-years map compilation by ISPAN (1993a) indicates that
in about 158 years (1834-1992), the entire Bangladesh reach of the
river migrated westward by bank erosion with an average rate of
some 50 m per year. Apart from this secular westward migration,
erosion occurs at different rates in different of channels
(Bristow, 1987; Halcrow, 1993; Thorne et al., 1993; RRI-LP-CNR-
DELFT, 1993). For example, Bristow (1987) showed that first order
channels comprising the entire river width of some 10 km migrate
at a rate of some 70 m/year. The next lower order channels having
a maximum width of some 5 km migrate as high as 1000 m/year.
Migration of third order channels 1is much erratic and occurs in
response to local hydraulic conditions. The erosion is mostly
concentrated at outer bank embayments. satellite imagery
interpretations by Klaassen and Masselink (1992) showed that bank-
erosion in curved-channels occur at different rates ranging from O
to 500 m with a maximum of some 1000 m/year. And they mostly occur
perpendicu1ar to the primary flow direction (in the east-west
direction).

The rapidity of channel migration is further shown in figure
3.8. The migration and development of a deep-water second order

channel near Bahadurabad obtained by bathymetric survey are shown
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Figure 3.8 Development of a channel in the Jamuna River near Bahadurabad based

on bathymetric survey by the River Survey Project. a. Surveyed in August-September
1993. b. Surveyed in November 1993. The contour lines (in meter, below) are
referred to Standard Low Water (SLW) which is 12.03 m + PwD. PwD represents public
Works Datum which is commonly used in Bangladesh. The Standard High Water at this
station is 20.6 m + PwD. (Barua, Klaassen and Mehmood, 1995)
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in about 2 months. At the fixed-point cross 1, the O-SLW 1line
shifted westward by about 400 m. At the upper fixed-point cross 2,
on the other hand, the O-SLW Tine migrated 520 m eastward. Similar
comparisons can be made for all the contour 1lines which were
rearranged and the channel became well-developed by November
(BARUA, KLAASSEN, MAHMOOD, 1995). Lastly the analysis of the data
from 1944 to 1988 indicates that the rate of channel shifting
toward the right in recent 40 years was slower than that of 100

years ago and the channel appears to be in equilibrium.

3.7 Change of Course of the Brahmaputra—-Jamuna

The river changed its course within Bangladesh drastically
over the years. So did the Ganges using several sets of aerial
photo-mosaics, Coleman (1969), 1investigated the changes of the
river course in Bangladesh over hundreds of years. Without going
into detail it can be said generally that over the centuries the
Brahmaputra river system shifted south westward. The most recent
remarkable change happened about 200 years ago when the
Brahmaputra shifted to its present course abandoning the previous
one through the 01d Brahmaputra to its confluence with the Meghna
river at Bhairab Bazar. There is 1little aggrement among the
researchers about the exact time of this diversion. Accordig to
most of them the diversion was gradual starting from 1787 and
completing by around 1830 when it joined the ganges near Goalundo.
In relation to this diversion, the year 1787 is specifically
mentioned because one of the reasons of Brahmaputra’s diversion 1is

said to be the joining of Teesta with the Brahmaputra in that year

when a severe flood changed its (Teesta’s) original course.Before




this change the Teesta used to fall into the Ganges. Apparently,

the Brahmaputra reinforced the combined flow in the O01d
Brahmaputra channel passing through the heart of Mymensingh and
developed a new channel diverting in between Bahadurabad and
Dewanganj more or less along the Jenai which is now called the

Jamuna.

The recent findings of Morgan and Mointire (1959) should be
mentioned in this connection. They made a geological
reconnaissance of Bangladesh and West Bengal from November 1955
through April 1956 to determine the morphology of the deltaic
complex of the Ganges, Brahmaputra and Meghna rivers and their
distributaries. Study indicated that structural activity, primary
faulting has significantly influenced quaternary geology. Changes
in the course of the Ganges and Brahmaputra through Bengal during
the last few hundred years was attributed to faulting and
resultant tilting of fault blocks. These changes have caused the
Ganges to abandon numerous western distributaries in favour of

joining the Brahmaputra-Meghna system to the south-west.

The subsidence is also bed responsible for the Tlarge
depression in the Brahmaputra basin. It is also a reasonable
explanation that these depressions are signs of incomplete delta

building process of the Brahmaputra when it changed to a new

course (HALDER, 1989).
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3.8 Reasons for the Change of Course

A major river can only change its course if there is an
alternative route available to which it is as at least as
attractive as its previus course. A new route must be available
that has an equal or greater land slope over its length as a whole
and which can be easily scoured to the necessary channel cross-
sections. If the river undergoes an appreciable increase 1in
discharge it may be forced to change 1its course to a more

favourable route.

3.9 Bank Erosion and Bankline Migration

The history of the bankline configuration has been documented
with maps dating back to 1830. coleman (1969) had shown the total
width of the river influence for the period 1830 to 1963 (figure
3.9). He also compared the 1963 Jamuna bankline positions with the
total width of the river influence. The total width of influence
of the river at any cross-section is the distance between the most
westerly position and most easterly position of the river banks in
the period of time being studied. The drawings made by Coleman
(1969) are reproduced in figure 3.9. The greatest amount of fill
has been on the left bank, indicating a channel migration of the

river to the west.

Figure 3.10 shows the rates of migration in feet per year
that have occurred on both banks for the two periods 1944-1952 and
1952-1963. In the diagram a receding or eroding bank is indicated

by a negative sign before the rate, whereas a bank that is

building out or receiving deposition is indicated by a positive
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sign before the rate. During the period 1944-1952 the maximum rate
of erosion was 792 m (2600 ft) per year (station 23) and the
maximum amount of build out was 853 m (2800 ft) per year (station
5). In some areas, both banks of the river were retreating
rapidly (station 10, 23, 24 and 28), whereas in another area both
banks were building out or restricting (station 12) rapidly. At
several stations (1,2,3,13 etc.) one bank is cutting and the other
is building out at a similar rate. Thus within the period bankline
migration was not predictable but, rather, it was erratic. It
might be noted that a slightly higher number of stations on the.

right bank showed erosion than on the left bank (Coleman, 1969).

The shifting range of bankline is shown in figure 3.11. Most
of the bankline shifted 5-10 km toward the right except some local
bankline shifted toward the left (CBJET, 1991).

In figure 3.12, the study reach was divided into island and
nodal reaches and point measurements of right and left bank
erosion distance were made at 0.5 km intervals, with erosion being
measured as a positive distance and accretion as a negative
distance. Offset distances were divided by the interval in years
to give a mean erosion rate. Map updates were made between 1951
and 1957 and the rates (listed in table 3.2) reflect the best
estimate of the actual date of the last map update for a reach.
The sample distributions of bank erosion were used to generate
average values of bank erosion for such sub-reach. The overall
average rates for islands, nodes and the whole study reach were

found by weighting the averages for the sub-reaches according to

their lengths. These data are listed at the foot of Table 3.2.
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Figure. 3.12 Location of cross-section and island/node sub-reaches used in
morphological studies (Alam, Thorne, Russel, 1987)




The results show that over the entire study reach bank
erosion during the period was more severe on the right than the
1eft bank. The average right bank erosion rate is 90 m per year,
with individual sub-reach rates as high as double this figure. The
left bank exhibits an overall small net accretion rate, although

Jarge scale erosion rates of over 90 m per year are also observed.

For the right bank, the island average erosion rate is nearly
three times that for the nodes, while for the left bank 1island
reaches show erosion at a relatively low rate. The data indicate
that in island reaches the average width of the braided channel
has increased markedly. Since erosion of both banks together
produce a net widening rate of about 120 m per year. A medium term
average erosion rate of nearly 40 m per year for the right bank
together with an accretion rate of nearly 50 m per year on the
left bank indicates a very dynamic form of stability that leads to
channel shifting. The bankline movement figures for the nodes
support the conclusion that the river has migrated wastward during

the last three decades.

Island reach A showed moderate widening and westward shifting
over the study period. Bank erosion is currently a problem in this
reach and Kamarjani is a priority site for bank stabilization
under FAP21/22. Node a/b was relatiely stable. Island reach B
widened through retreat of both banks, while the next node (b/c),
north of Sariakandi, was relatively stable, but with moderate

westward migration.
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Island reaches C and D migrated westwards and widened.
Islands D and E are unusual in that they overlap with no clear
node between them. This reach widened quite rapidly through net

erosion of both banks. Island reach F has a right bank erosion

rate approaching 200 m per year . Node f/g has migrated rapidly -

westward at constant width (Alam, Thorne, Russell, 1987).

The location of bank erosion along the Jamuna river is very
difficult to predict over a longer period than a few years. From
studies under FAP1 it was found that major bank erosion is related
to the presence of large bend that have a 1ife cycle of between 3
and 7 years. In fact these bends are the most stable phenomena in
the Jamuna river. Bank erosion along these bends was studied on
the basis of satellite images and preliminary results were
presented by Klaassen and Masselink (1992) and Thorne (1983). They
observed erosion rates along outer banks of major bends varying
between 200 to 700 m (and exceptionally even to 1 km) in one year

(Hannan, 1993).

3.10 wWandering of the Thalweg

In a river, as highly charged with sediment as the
Brahmaputra, the bed configuration changes drastically under
differing flow regimes. Deposition of sediment 1in one Tlocality
causes deepening by scour in another Tlocality. Thus the thalweg
tends to wander continuously from one position to another within
the river bank lines. This is generally characterized by two
distinct types of movements, a gradual and transverse movement and

sudden shifts from one position to another. The graph in figure
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Table 3.2 Bank Erosion rates in Island and Nodal reaches between
1953/1956 and 1988

Average erosion rate

Reach Period Length Right bank Left bank
(km) (m/year) (m/year)
Island A 1953-89 31 58,2 -18.8"
Node A/B 1953-89 5.5 -10.6 1.73
Island B 1953-89 25 59.2 65.6
Node B/C 1953-89 9.5 22.6 - 8.36
Island C 1953-89 16 94.0 -16.6
Node C/D 1953-89 5 86.7 106.9
Island D 1953-89 18 165 -11.1
Island E 1953-89 18 151.4 73.0
Node E/F 1953-89 20.5 9.4 -36.7
Island F 1953-89 18 198.5 -34.2
Node F/G 1953-89 11.5 109 -98.1
Averages:
Island reaches 21 111.6 10.2
Node 10.4 39.2 -47.8
Study reach 178 90.4 -6.7

x Negative erosion rates indicate bank accretion

3.13 illustrates these two types of movement of the thalweg during
one flood season at Sirajgonj. The upper graph shows a discharge
curve while the lower graph indicates the magnitude of the
movement of the thalweg from a stable reference point on the right
bank. In May and June, during rising stage the amplitude of
movement is rather large. On the order of 914 m (3,000 ft), but
this movement is gradual, as it takes place over an entire month.
During the peak of the flood, July through August, there 1is a
relatively small amount of movement and the thalweg remains nearly
constant in Tlocation. However, during the months of August and
October, the falling stage, the thalweg moves in an irregular and
sudden fashion. Within a few days the main current wanders back
and forth to an extent of several thousand feet. The pattern is
extremely irregular and the thalweg moves by fits and starts. From

November through March, the low flow stage, very little movement
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1 Figure. 3.14 Plan view of changes in sand bar position before and after flood
of 1952 on the Brahmaputra River Banklines cbtained from aerial photographs.
Sdid line shows the location of the sand bar during low river stage of 1952,
whereas dotted line shows position of the same bar after passage of the flood
1952. ( Coleman, 1969)
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of the thalweg takes place.

In the low-water stage,prior to the passage of the flood, the
river is subdivided into numerous small channels with one of these
generally serving as the main channel and carrying a Jlarger
portion of the flow. This channel is commonly situated near one of
the banks and is slightly curved, moving from one bank to the
other. With the oneset of the flood, the initial reaction is for
the river to seek a path with 1little curvature. As a result, the
thalweg tends to move toward the inside portion of the
curvature.The rise 1in flood stage, however, is gquite rapid, and
the river must widen and deepen to accomodate this large increase
in discharge. The usual result is for the bank to be undercut,
slumping then occurs and the migration of the thalweg 1in a
transverse direction is initiated. This type of river shifting
takes place gradually, usually over an entire month, but it may
attain considerable amplitude.

The second type of shifting of the thalweg can be related to
the movements of the sand bars and mid-channel islands. As flood
water subside, an excess of sediment is carried as bed load 1in
suspension, velocities diminish, causing this material to be
deposited. Deposition of the material results in a corresponding
change in local flow direction and the thalweg is in a state of
constant movement. It is during this period that bed aggradation
is the greatest and many new channels are formed, function for a
short time, and are then abandoned. As the flood continues to
subside, one of the chanﬁe]s becomes dominant and the rate of
wandering of the thalweg diminishes. This 1is illustrated during

the months of November through March .in figure 3.13 (Coleman,1969).
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3.11 Reasons for Channel Migration/Shifting

The characteristics and direction of flow are determined by
various opposing factors within the stream; for 1instance; the
oncoming load versus the sediment-carrying capacity of the flow,
and the errosive resistance of the bank against the bank caving
capacity of the flow (Chen, 1964). The existence and development
of these various factors contribute to the shifting of the river
channel. Probably the major controlling factor, however, 1is the
amount of sediment and the inability of the river to transport it.
Within the Brahmaputra-Jamuna river, the total amount of sediment
provided by the catchment far exceeds the ability of the flow to
carry the sediment. Thus there is a general aggradation of the
channel bed which causes the channel to become wider and
shallower. The aggradation constantly causes the main current to
seek better gradients, new alignments and paths of Tleast
resistance. A new channel thus formed is at first narrow and deep;
with time; however, it, too, will begin to aggrade, and the whole
process is repeated. In this manner the river 1is in a state of
constant migration, eroding and redepositing sediment of its own

making as well as older deposits of previous channels.

Although the aggradation of the river bed is one of the major
factors responsible for the wandering of a river course, it also
creates conditions under which other factors manifest their
influence. During low stage, the river width is excessive for the
amount of water it must attain, and the channel forms complicated
patterns of pools and riffles. Some areas recejve excessive

deposition, causing scour in an adjacent area.
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Thus, the river spreads its sediments across the entire
valley. Under such conditions the channel is able to remould
freely 1its bed configuration, thus maintaining a cross-sectional
area in keeping with flow regime. 1In addition, a number of
factors, including the high susceptibility 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 patterns. Both rate and amplitude of channel

shifting become larger when the above factors exist (Coleman,

1969).

3.12 Formation and Movement of Sand Bars

A braided channel is characterized by innumerable sand
bars(Chars) and mid-channel islands which seperate the flow into
several channels. Such a condition exists in the Brahmaputra
chnnel. Oncoming load is greater than the sediment-carrying
capacity of the flow and results in an aggrading channel bed

characterized by such bars and islands.

The initial location and formation of the sand bars are
determined during the flood; they are possibly the result of the
formation of the two scour channels hagging each channel bank. The
hydraulic conditions that cause this erosion and deposition are
essentially unknown. However, the area of deposition 1in the
central part of the channel 1is undoubtedly caused by sack-water
conditions. During the flood this area receives deposition and bed
is aggraded significantly. Since the flood water subside rapidly,

there is not enough time for this material to erode, and hence it
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is soon exposed as a shoal. After exposure and drying of the

surface, wind activity modifies it slightly, piling sand into

various types of aeolian.

During the next flood, the island is once more inundated. In
some cases it is completely removed by erosion, but more commonly
it suffers erosion on its upstream face and deposition on its
downstream end. This generally causes the island to migrate in a
downstream direction. Figure 3.14 is a plan view, as traced from
areal photographs, of a single channel in the Brahmaputra south of
Sirajgonj. The solid lines indicate the position of several sand
bars as they existed during low water in 1952-1953. The dotted
lines indicate the position of the sand bars after the 1953 flood.
In every instance, the sand bars have moved downstream in varying
degrees. The small bars along the east bank have migrated
downstream 1524 m (5,000 ft) during a single flood. The large
central bar has been eroded on the upstream end as well as along
its eastern side, deposition having occurred on the downstream
end, causing the island to migrate some 762m (2500 ft) downstream.
In most cases the total area of the island remains approximately
the same from one flood to another, and only its position and
shape change. In some instances, however, whole islands disappear
or new islands form that were not present the previous year. Thus,
during flood the sediment is shifted as bed load, causing the
islands to migrate. The large number of bedforms present on the
surface of these islands when they are exposed indicates that

sediment had moved as migratory dunes during flood.
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3.13 Deposition and Erosion of the River Bed

The Brahmaputra-Jamuna is heavily charged with sediment,
rates of erosion and deposition are quite high. The constant
shifting of the thalweg adds to the magnitude and complexity of
deposition and erqsion patterns. During rising stage the velocity
increases abruptly to a maximum, then fluctuates in response to
differences in discharge. Scour depth, however, increase sTowly
and do not reach maximum as the same time as velocity. The
greatest amount of scour occurs during the latter part of the
flood, at which time the velocity declines sharply. Once the
velocity diminishes, the maximum amount of deposition takes place.
This generally occurs Jjust before or during the falling stage.
The river widens with the passage of the flood and suddenly

diminishes during falling stage (Coleman,1969).

3.14 Scour
Bank protection structures such as groynes, revetments and
cross bars can induce local scour holes with a maximum depth of 20
to 30 m below the water level. For example, near the head of the
Ranigram Groyne a deep Jlocal scour hole has developed. General
scour is the lowering of the bed level owing to changes and
developments in the catchment area (Alam, Chowdhury, Rahman,
1995). General scour may be influenced by the following factors.
- Construction of embankments, reducing the flood plain width
and causing higher peak flows downstream,
- Increasing soil erosion in Nepal and possibly other parts
of the catchment result in more sediment supply to the

rivers contributing to the Brahmaputra/Jamuna discharge.
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- construction of dams will reduce the sediment load of the

rivers downstream and also cause a general damping of

seasonal water level fluctuation (not major floods).

In alluvial channel bends, the bed level in the outer bend is
Jjower than in the inner bend. Consequently, the depth increases
are going from the inner to the outer bend. The large depth in the
outer bend, know as bend scour, was expected to give a
considerable contribution to the maximum scour in the Jamuna
River. In the Jamuna river confluene scour seems to be dominant
over bend scour. Only local protrusions produce deeper scour
holes. For the bridge piers confluence scour may be the major

cotribution to the total scour (JMBA, 1988).

During the special hydrographic survey some measurements were
done near the town protection of Sirajgonj and near Bhuapur along
the Eastern bank of the Jamuna River. The results (deepest scour

lJevels expressed in m + PWD) are listed below:

Bhuapur 24-25 August 1987- 8.0 m

Sirajgonj 3-19 September 1987-25.3 m

— Bhuapur 23-24 October 1987- 6.1 m

3.15 Planform Characteristics

The Jamuna River is a braiding stream with chars and deeper
channels in between. The braiding character is most prominent 1in
the upstream reaches, as observed on a number of satellite

imageries taken during low flow conditions. The deep water channel
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changes frequently and the banks are susceptible to heavy erosion
and deposition, indicating a very unstable nature of the channel.
However, the channel is maintaining the present course for quite a
number of years (Sultana, 1989). Planform characteristics of
braided streams can be divided into (i) characteristics of the
network of channels and (ii) characteristics of the individual
channels, Howard et al (1970) 1introduced a number of topological
and geometrical indices for networks of braided channels. Their
approach and definitions were used in the analysis of the Jamuna
planform characteristics. Planform characteristics of individual
channels relate to radii of curvature of bends in relation to
channel widths,the total arc length of bends and channel

directions (JMBA, 1988).

3.16 Cross-Section Characteristics

cross-sectional characteristics of the Jamuna river were
studied by Ullah (1987), and RPT/NEDECO/BCL(1989) on the basis of
data available from Bangladesh Water Development Board (BWDB) .
They concluded that most of the cross-sections can be
characterized as a flat sand bed with an elevation few metres
below the annual flood level in which deep channels are curved.
These channels are clearly composed of several smaller ones.
Typical bend profiles seem to be present in the river. The
following characteristics were determined by cross-section and
year.

- total river width, defined as the width between the edges

of the deeper channels.

-  the number of main channels
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- the combined width of channels

- the total wet area of the main channels below the mean
annual flood level

-  the maximum depth

The average depths were computed from the total wetted area
and the combined widths of the main channels. Mean values for the
different parameters were derived by averaging the data of the

available years (Sultana, 1989).

3.17 Bed Material

Bed material characteristics of the Brahmaputra/Jamuna river
were studied by Coleman (1969) throughout its length in Bangladesh
and indicated an average grain size value of 0.172 mm. The Jamuna
Bridge Appraisal Study found Dgo value range between 0.235 to
0.165 mm from the upper to the lower reach. According to FAP1
study, the average size ranges between 0.15 to 0.17 mm. According
to Hannan (1993), the bed material of the river is fine sand, with
D50 varying between 0.22 mm at Chilmari and 0.165 mm
near Aricha.

CBJET (1991) observed tht Dgq value for the main channel has
gradually decreased from 0.26 mm in the upper reach to 0.17 mm in

the lower reach,which fairly relates to observations made by all

other studies.
3.18 Resistance to Flow

Resistance to flow data of the Jamuna river has been analysed

by Nazim (1985) and indicate generally low flow values. There are
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indications that during floods, dunes are washed out and possibly

even flat bed conditions may occur.

3.19 Sediment Transport

The Brahmaputra-Jamuna river 1is more heavily charged with
sediment both in terms of quantity and calibre among many sediment
carrying rivers of Bangladesh. It is quite difficult to have an
accurate prediction of sediment distribution and yield in a
braided river 1ike the above river for all the periods, especially
during monsoon due to the complex variation of sediment load with
incoming flow. The suspended load measurement on the Brahmaputra-
Jamuna river is taken at the two points, 0.2H and 0.8H along every
measured vertical 1line. According to the field measured data in
the monsoon season of 1990, the sediment concentrations
corresponding to the relative depth, d/H, of 0.2, 0.6 and 0.8 are
0.52, 1.02, 1.32 kg/m3 respectively, in which d is the depth of
measured point and H is the depth of corresponding vertical line.
It may be estimated that the amount of coarse sediment which could
not be accounted for 1in the measurement may be higher than 10
percent. Meanwhile, according to the size distribution of bed
material and hydraulic calculation, the bed load is nearby 10
percent of the suspended load (CBJET, 1991).

Coleman (1969) studied sedimentation of the Jamuna river
based on suspended load measured at Bahadurabad during the period
of 1958-1962. According to Latif (1969), the average yearly
sediment transport is about 600 million tons. The measured monthly

sediment transport rates in the Jamuna river vary between 1less

than 1 million tons/month during low fow season and more than 250




million tons/month in the flood season (UNDP, 1986). Goswami
(1985) reported suspended sediment load of about 402 million tons
measured in the Jamuna river at Gouhati in Assam. Hossain (1990)
stated that the total average sediment load transport in the
Jamuna river at Bahadurabad is 650 million tons per year.
According to BWDB, the suspended coarse sediment transport
for the period 1966-1969, suspended fine sediment transport for
the period 1967-1969 and total suspended sediment transport for
the period 1967-1969 are shown in Table 3.3,3.4 and 3.5

respectively (FAP24, 1994).

Table 3.3 Suspended coarse sediment balance according to the BWDB

Name of station 'suspended coarse sediment transport;
' (million tons per year) |

Bahadurabad

1
|
1
I
1
|
1
|
1
[}
1
)
1
|

(00]
D

Table 3.4 Suspended fine sediment balance according to the BWDB

Suspended fine sediment transport;

(million tons per year) .

'Name of station

Bahadurabad

w
o
(&)
N
w
a1

Table 3.5 Total Suspended sediment balance according to BWDB

Name of station 'Total suspended sediment transport
h (million tons per year)

Bahadurabad
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Hossain (1992) reported that the sediment transport through Jamuna
river in the years 1982, 1983, 1984, 1986, 1987 and 1988 are 733{
754,747, 403, 815 and 840 milion tons per year respectively
(FAP24, 1994). According.- to FAP24, the annual average suspended
coarse sediment load for the period 1966-1989 are as shown jn

Table 3.6 and 3.7 respectively.

Table 3.6 Coarse susﬁénded sediment ba1én&é“aécording to FAP24

Name of station 'Annual average (1966-1989) suspended
icoarse sediment load in million tons

i
|
(1966-1970) (1976-1988) |
|
i
i

Bahadurabad 202 96

1
1
1
1
'
1
1
1
!
1
'
|
1
1

Table 3.7 Total suspended sediment balance -according to FAP24

Annual average (1966-1989) suspended
sediment load in million tons

Total (A+B)

‘Name of station

1
1
I
:
y Coarse (A)
i
1
1
1
1

Bahadurabad 202 590

According to CBJET (1991), the annual suspended load for
station Bahadurabad is shown in table 3.8

Table 2.8 Annual suspended lcad for station Bahadurabad (1965-1988) (Unit 1 x 109 tons)
‘Name of ’ - Year
rstation !

1Bahadurabad; .771
\ H H {—
Table 3.8 (To be continued) g

Annual suspended load for station Bahadurabad (1965-1988) (Unit 1 x 10” tons)

_— — T
966!1967!1968}1969,1970,1971,1972,1973,1974 19751976
' ' () 1 ) 1 ' '

Year 1Average
i o tin 24 )

L 1197711978,1979:1880:1981,1982,1983:1984.1985,1986,1987 13”8 |vears A
. '

IS

m
o
~
Q
=)
o0
w
©
o
N
0

0

' [} [l 1 1
] 1 1 1 1 1
'Bahadurabad!.480}.278}.362!.281!.252
\ : ' ; . :
i H ' ' ' s

N
w0
I
N
w
=2}
5,
wn
=2
A~
N
o

S

The comparison between the results of CBJET, MPO (BANGLADESH),
FEC (France) and Coleman are given in table 3.9 (CBJET, 1991)

Table 3.9 Comparison of the annual sediment load (Unit 1 x 109 tons)

‘River ! Station | MPO | FEC i Coleman | CBJET |
! H ! Repbrt} Report | Report | Report |
h | ) \ ' ' h
1 1 1 ] ! 1 1
'Brahmaputra-!Bahadurabad) 0.387 | 0.431 } 0.607 ! 0.499 |
1 ' i i i | i
H 1 H 1 H H \




CHAPTER—4

DATA COLLECTION AND METHODOLOGY

4.1 Introduction

To study the morphological behaviour of Brahmaputra-Jamuna
river, cross-sections at different stations covering the
distance between Noonkhawa and Goalundo have been collected from
river Morphology and Research Circle, BWDB, Dhaka and surface
water Hydrology-11I,BWDB, Dhaka. The main river system of
Bangladesh is covered by a network of standard cross-sections
which are surveyed by BWDB regularly. BIWTA makes irregular
soundings of the deepest part of the channels of the main river
system to inform the inland navigation on the available depth in
navigation routes. In addition to these cross-section soundings
are made for special purpose or according to special project
requirements.

The BWDB established a river survey network covering all
main, medium and minor rivers in the whole country during the
past 25 years. This network comprises a total of 607 standard
cross—-sections at an interval of about 6436 m (4 miles). In
total, 144 cross-sections are surveyed in the main rivers (figure
4.1). The cross-sections are measured during the dry season when
the water level is below the level of the chars. The dry part of
the cross-section is surveyed with a levelling instrument and a
levelling staff, while the wet part of the cross-section is

surveyed by an echo-sounder ‘'on a survey vessel. The positioning

of the vessel along the transit line is determined by sextant or
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theodolite with respect to a known base line. The BWDB feels that

for appropriate analysis of the morphological changes in the
river system it 1is necessary to survey the cross-section also
during the monsoon season and to densify the network with more

standard cross-sections in future (Haque, 1993).

A cross-section is defined by two to three pillars or
monuments at one bank and at least one pillar or monument at the
other bank. In case high chars develop, in the cross—-section it
is necessary to define more temporary pillars at the char. The
location of a pillar is fixed by a description of the plot of
land it is placed, the location of that plot in the Mouza maps
and by the geographic co-ordinates of the pillar. The direction
of the cross-section is defined by the bearing, at an angle
measured with respect to the magnetic north. In general, a cross-
section is measured from the pillar (or the embankment) at one
bank to the pillar (or the embankment) ét the other bank. This
means that not only the channel(s) and the chars are surveyed but
often also a part of the flood plain. Preferably the cross-
section is selected perpendicular to the river axis or the main
flow direction in the river, but after sometime the river axis
may have changed as part of the changes in the planform of the
river and the angle between the cross-section and the river axis
is no longer perpendicular. If the pillars are eroded it is
necessary to place and define new pillars with a new bearing.

This can result in minor shifts in the location of a cross-

section.




4.2 Description of Selected Stations

BWDB collects data of the Brahmaputra-Jamuna river for a
number of standard cross-sections designated as J-0-1 to J-17,
starting from the confluence of the Jamuna river with the Ganges
to Charantua. In this river, the oldest cross-sections were
measured in 1964-1965 at an interval of about 8 miles for the
study of a barrage near Bahadurabad. Cross-sectional data of the
river have been collected since 1965-1966, at intervals of 4
miles. This interval was further reduced to about 1 mile since
1969-70. Initially these measurements were done every year, but
they were interrupted in 1970 due to the independence war. In
1975-76 the soundings were taken up again, but these soundings
were not performed regularly, and only 1in smaller stretches of

the river.

For the present study the stations J-1 to J-17 are selected
at an interval of about 8 miles (figure 4.2) and the data of
1969-70. 1976-77, 1977-78, 1978-79, 1981-82,1986-87, 1988-89 and
1990-91 have been analysed. The cross-sectional data for the
period 1965-66 to 1968-69 were not used because the data are not
available for all the stations. The cross-sections J-1 to J-3,J-
5, J-6, and J-9 to J-13 are measured from left bank to right bank
and the cross-sections J-4, J-7, J-8, J-14 to J-17 are measured
from right bank to left bank by BWDB. In 1976-77 station J-12
and in 1978-79 station J-9 were not surveyed by BWDB. Data for
the period 1979-80 and 1987-88 were not available. The cross-

sectional data for the period 1985-86 and 1986-87 are same and

the cross-sectional data for the period 1982-83 and 1984-85 could
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not be collected as these data are reported to be missing. There
are high, medium and low water level marks in the cross-section
which are supplied from River Morphology, BWDB, Dhaka.The station

from J-17 to J-1 with high water level are shown in figure 5.69.a

to 5.85.h.

water level data are collected at various stations along the
river but discharge data are only recorded at Bahadurabad
station. The location statement of the monuments or the RCC
pillars along the cross-section of the river selected at J-1 to

J-17 stations for the year 1981-82 are given in appendix - A.

For the third objective, the data are collected from surface
water Hydrology-1I, BWDB, Dhaka. Although for the first and
second objective the data of the years 1969-70, 1976-77, 1977-78,
1978-79, 1981-82, 1986-87, 1988-89 and 1990-91 are used, but for
the third objective only the data of the years 1969-70, 1978-79
and 1981-82 for dry and monsoon season are used, which are
supplied from surface water Hydrology-II, BWDB, Dhaka. A1l the
eight years data which were used for the first and second
objective but could not used for the third objective because data
relating to discharge, velocity etc. were not available for all
the years. In surface water Hydrology-I1I, BWDB, Dhaka data
relating to discharge, area, velocity and water depth etc are
available only for the three years out of previously mentioned
eight years. The mean daily water 1level data were however
available for all the years. The mean daily water level data for

three years are given in Appendix-B. The distance between
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Noonkhawa to Bahadurabad and Bahadurabad to Sirajgonj are taken
as approximately 87 km. This information is also supplied from

surface water Hydrology-1I, BWDB, Dhaka.

4.3 Background of MIKE 11 Software

MIKE 11 is a software package developed at the Danish
Hydrulic Institute (DHI) for the simulation of flows, sediment
transport and water quality in estuaries, rivers, irrigation

systems and similar water bodies.

MIKE 11 is doeveloped especially for application on micro-
computers and is based on DHI’s well known SYSTEM 11, which since
its development in 1972 has been used in a large number of

applications around the world.

MIKE 11 offers a unique and user-friendly tool for design,

management and operation of river basins and channel networks.

MIKE 11 is an integrated software package which enables the
user to simulate catchment runoff, river flow, sediment and
pollutants transport. MIKE 11 consists of a number of modules
which in principle operate independently. This gives a rational
and user-friendly execution and enhances the flexibility of the

package.
The MIKE 11 hydrodynamic module has been developed on basis

of the well known SYSTEM 11 HD(Hydrodynami¢ module), and is an

implicit, finite difference model for unsteady flow computation.
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The model can describe subcritical as well as supercritical
flow conditions through a numerical description which is altered

according to the local flow conditions (in time and space).

Advanced computational modules are included for description
of flow over hydraulic structures, including possibilities to

describe structure operation.

The formulations can be applied for looped networks and

quasi two-dimensional flow simulation on flood plains.

The computational scheme is applicable for vertically
homogeneous flow conditions extending from steep river flows to
tidal ifluenced estuaries. The system has been used 1in numerous

engineering studies around the world.

4.4 Methodology
The raw data comprises the coordinates (Xj, Zj) of the bed

level across the river branch and the relative resistance for

each section (from X. ). The relative resistance

J=1 J

is default 1, indicating a constant value of the roughness across

Zj—1 to 25, Z

the section, see figure 4.3. The maximum number of X-Z
coordinate sets which may be used to describe one cross-section
is 300.

After the raw data have been entered, and an <esc> is made
from the raw data menu, calculatins will take place 1n.which the
raw data are processed to a form which is used in the actual

hydrodynamic calculations.
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Figure 4.3 Definition sketch for raw data, x-2 coordinates

and relative resistance.( MIKE 11, Scientific documenta_tion-')
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When processing the raw data we can specify a number of
levels (maximum of 10 levels) at which the hydraulic parameters
are to be computed. If we know in advance that the water 1level
varies within a certain range, this can be used to determine the

minimum and maximum levels for the table.

If no levels are specified, they will automatically be
selected by the system, taking the variation of the area and the
width into account. (The upper and lower bounds will be
determined from the raw data input). If we enter only one level,
it will be interpreted as the lowest value in the table and MIKE
11 will select several levels above this one. Entering two
levels, these will be interpreted as the minimum and maximum for
the table respectively. When selecting the water levels at which
the hydraulic parameters are to be computed, it is important to
ensure that non-linear variations of the hydrau1ic parameters
will be described adequately. (This is achieved if automatic

selection of levels is chosen).

The datum specified in the raw data will be added to all Z2-X
coordinates when calculating the processed data. In this way it

is possible to correct for bench mark errors in the raw data.

The processed data consists of a table containing the
hydraulic parameter variations with water Tevel.

The hydraulic parameters are:

- cross-section area (mz)

- width of water surface (m)
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- hydraulic radius (resistance radius) (m)

- additional surface storage area (m2)

- resistance coefficient.

Among these hydraulic parameters, we have used only cross-

section area (m2) and width of water surface (m).

Table 4.1 Processed data for a cross—-section

‘RIVER CROSS SECTION PROCESSED DATA

| =y e S B R T A
'Y River name | 2 Chainage ;, 3 ;| 4 x-coor ' 5 y-coor ; 6)Pos flow dir
e e A I j——— o B
'WEST CHANNEL | 9.000 I 0.500 : 4,350 y 0}
_____________ I__________________l____I________________I_____________l__l________________

] I 1 i !

HYDRAULIC PARAMETERS Number of levels : 9

e f e = v e ! e e :

iLevel :Cross sec. 'Hydrau11c: width | Add. f]l. 'Reswstance:

' (m) larea (m ) 'radius(m); (m) 'areas (m<) |Factor ;

| e l—— s oo i o :

'=3.00 ; 0.00 ' 0.00 | 0.00; 0 y 1.00 i

1—2.88 | 0.32 - 0.07 | 6.00, 0 i 1.00 .

'-2.10 ! 11.94 ! 0.72 | 18.75) 0 ' 1.00 !

1-1.80 | 18.20 : 0.95 | 23.00, 0 : 1.00 .

'-1.00 40.20 : 1563 | 32.00, 0 v 1.00 :

1=0,50 ; 61.20 k 1.76 | 52.00, 0 H 1.00 ;

1-0.25 82.51 i 1.62 | 118.50) 0 - 1.00 :

' 0.00 ; 120.45 ' 1.42 ; 185.00; 0 ' 1.00 -

1 3.00 | 690.45 h 3.73 | 195,00 0 : 1.00 '

| | | ___________ | . T R I ________ I ___________ I __________ 1

i I I

<15 Insert row (before Cursor) <D> De1ete row <ESC> end and update
<*K’S> update < O > end WITHOUT update (F1> Help

MIKE 11 will compute most of the processed data after we have
specified the raw data for a cross—-section. Additional storage
areas and resistance coefficients different from 1.0 must however

be entered manually.

calculation of the hydraulic parameters will only take

place in the section between the right and left markers (see

section figure 5.69.a to 5.85.h).
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MIKE 11 has in-built facilities to process the hydraulic
parameters from raw cross-section data at different levels. And
also to facilitate us by defining cross-section width as per
requirement. In this study, above two facilities are repeatedly
used to process the cross-sectional area of that particular
section for different level and defined width of that section.

A11 graphs have taken by using HARVARD GRAPHIC Software.

4.5 Data Analysis

To study the morphological behaviour of the Brahmaputra-
Jamuna river, eight years cross-sectional data are used. A
powerful micro computer based MIKE11 engineering software (UNIX
version) is used for this study to reveal the actual long term
morphological behaviour of Brahmaputra-Jamuna river. This
software is well proven tool for hydrological and hydrodynamic
model calculation. Some in built facilities of this software is
used to compute the cross-sectional area for different

conditions.

For the first and second objective, the eight years cross-
sectional data of 1969-70, 1976-77, 1977-78, 1978-79, 1981-82,
1986-87, 1988-89 and 1990-91 are used. The high water levels
which are supplied from River Morphology & Research Circle, BWDB,

Dhaka are shown in the cross-sections (Fig. 5.69.a to 5.85.h);
For the first objective the areas are calculated based on

data by 1 (one) meter interval from bottom level to high water

level for every section. Elevation versus Areas are given 1in
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Table 5.1 to 5.17. From Table 5.1 to 5.17 elevation versus area

curves are drawn as shown in figure 5.1.a to 5.17.b. Elevations
are found out with respect to 5% and 10% of the total area for
every section for every year. These are given in Tables 5.18 to
5.34. From Table 5.18 to 5.34 elevation versus year curves are
drawn (figure 5.35 to 5.51). From Table 5.1 to 5.17 area versus
vear curves are drawn for fixed elevation (Fig. 5.18.a to

5.34.0)

For the second objective, the areas are taken near about 500
m gap from left bank to right bank for J-1 to J-3, J-5, J-6, J-9
to J-13 sections and from right bank to left bank for J-4, J-7,
J-8, J-14 to J-17 sections. Horijzontal distance versus areas are
given in tables 5.35.1 to 5.51.8. From tables 5.35.1 to 5.51.8
area versus distance curves are drawn (Figs. 5.52.a to 5.68.b).
Total width and effective width are given in tables 5.52 to 5.68.
From tables 5.52 to 5.68 width versus year curves are drawn (Fig.
5.86 to 5.102) and also from tables 5.52 to 5.68 year versus
horizontal distance are drawn (Figs. 5.103 to 5.119).

For the third objective, Manning’s formula v = R2/381/2

n
1

or; n = === R2/381/2 is used to determine the roughness

\
coefficient. Data relating to discharge, area and depth are
collected from surface water Hydrology-II, BWDB, Dhaka. Based on
these data n values were calculated are shown in table 5.69 to

5.70. From Tables 5.69 to 5.70 velocity versus roughness

coefficient curves are drawn (Figs. 5.120 to 5.137).
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CHAPTER—5

RESULT AND DISCUSSION

5.1 Introduction

The aim of the present study is to have some idea about
the variation of cross-sectional area with elevation, the bed
level rise or fall, the movement:of effective conveyance area
across the width, variation of total width and the effective
width at the high water level for every section, the movement of
bankline westward or eastward at sections J-17 to J-1 (Ch. 25.00
km to 230.75 km) for the river Jamuna during the period 1969-70
to 1990-91. Study of n value variation at high and low stages for
the reach around Bahadurabad for the years 1969-70, 1977-78 and
1981-82 is also a part of the objectives of the present
study.MIKE 11 programme has been extensively used for the study
and most of the figures are drawn by using Harvard graphic

software.

5.2 Cross-sectinal Area and Bed Level

Figures 5.1.a to 5.17.b and Tables 5.1 to 5.17 have been
prepared to study the changes in cross-sectional area with
elevation for river sections at different stations in different
years. Eight cross-sectional profiles for the years 1969-70,
1976-77, 1977-78, 1978-79, 1981-82, 1986-87, 1988-89 and 1990-91
for each of the stations J-1 to J-8, J-10, J-11 and J-13 to J-17
have been available. The cross-sectional profiles for the years
1978-79 of J-9 station and for the year 1976-77 of J-12 station

have not been available. Hence, for these two stations only
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profiles of other seven years have been studied. For better

understanding and presentation of data relating to eight cross-
sectional profiles, two different plots are made taking five
years of data in one plot and four years of data in another plot
in which data of year 1981-82 is repeated. For other seven Cross-
sectional profiles, two different plots are also made taking four
years of data in one plot and four years of data in another plot
in which similarly data of one common year 1is repeated. The area-
elevation curves show that the curves rise sharply with high
gradients at lower elevation 1i.e. near the channel bottom and
become flatter with increase of depth towards the top. This
particular pattern of the profile 1is mainly because of nature of
increase of width with elevation.

From figures 5.1.a to 5.1.b and Table 5.1 it is seen that
the section J-17 (Ch.25.00 km), the cross—-sectional area upto
about 15.50 m elevation for the year 1969-70, 1977-78 and 1981-82
to 1990-91 are nearly same and is about 800 m2, the cross-
sectional area for the year 1976-77 is about 626.00 m2 and for
the year 1978-79 1is about 2838.00 m2. Above this elevation, it is
observed that the cross-sectional area increases quite fast with
increase of elevation due to rapid increase of width. From
figures 5.1.a to 5.1.b and table 5.1 it is also observed that at
23.65 m elevation, the cross-sectional area for the years 1969-70
and 1990-91 are almost same (near about 23000.00 m2) and the
cross-sectional area for the years 1976-77 and 1978-79 to 1988-89

2y,

are almost same (near about 32000.00 m The cross-sectional

area for the year 1977-78 is however more than cross-sectional

area for all other years and this is about 38795.00 me .




In general, it can be told that there are changes of cross-

sectional area in between 1969-70 and 1990-91 but the cross-
sectional area for the year 1969-70 and 1990-91 are nearly same.
The effective width of river section in 1990-91 is however almost
double the effective width in the year 1969-70. Besides this,.it

is observed that width in general has increased over the years.

From figures 5.18.a to 5.18.b and table 5.1 it 1is seen that
upto elevation 17.5 m, the cross-sectional area for the year
1978-79 is more than the cross-sectional area for all other
years 1969-70 to 1977-78 and 1981-82 to 1990-91. From these it
can be remarked that in 1978-79, there was some erosion 1in bed
level. From figure 5.35 and table 5.18 it is observed that Tlower
elevation is required for the year 1978-79 for 5% of total
cross-sectional area with respect to other years. This indicate
also that there 1is erosion of bed level. But from figure 5.35 it
is observed that the elevation for 10 % of total cross-sectional
area in the year 1978-79 1is more than the elevation for 5% of
total cross-sectional area. From figure 5.35 it is also observed
that bed erosion was 1limited only to lower elevations.

The changes of cross-sectional area 1in different years for
same elevation are shown in figure 5.18.a. From figure 5.18.a it
is seen £hat above 17.5 m elevation, the cross-sectional area for
the year 1977-78 1is more than the cross-sectional area for all
other years. From the same figure, it is observed that the river
section in general increased in area from 1969-70 to 1977-78 and
then decreased over the years and returned to the same cross-

sectional area as it was in 1969-70.
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From figures 5.18.a to 5.18.b and table 5.1 and above
discussions, it may be concluded that through the cross-sectional
area and bed level changed at different rates in different
years, the total change during the period 1969-70 to 1990-91 is

not significant.

From figures 5.2.a to 5.2.b and from table 5.2 it 1is seen
that at section J-16 (Ch. 37.10 km) for 11.50 m elevation, the
cross—-sectional area for the years 1969-70 to 1977-78 are nearly
equal to 0, the cross-sectional area for the years 1978-79 to
1981-82 and 1990-91 are 505.00 m2, 933.00 m? and 299.00 m?
respectively and the cross-sectional area for the years 1986-87
and 1988-89 are more or less same and equal to 1600 mZ2. Above
this elevation, it 1is observed that the area increases quite fast
with increase of elevation and width. It is to be noted that the
cross—-sectional area increament in 1986-87 is more than all other
years. From figure 5.2.a to 5.2.b and table 5.2 it is also seen
that at 22.49 m elevation, the cross-sectional area for the years
1969-70 to 1981-82 and 1990-91 are nearly equal to 33500.00.m2,
the cross-sectional area for the years 1978-79 and 1988-89 are
about 28500.00 m? and the cross-sectional area for the year 1986-

87 is 38245.00 m? which is more than the area of any other year.

In general it can be told that there are changes of cross-
sectional area in between 1969-70 and 1990-91 but the cross-
sectional area in 1990-91 is almost same as that in 1969-70

although there has been some increase in width over the years.
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From figures 5.19.a to 5.19.b and table 5.2 it is seen that.

upto elevation 11.50 m, the cross-sectional area increased during
the period 1977-78 to 1988-89. This shows erosion in the channel
bed i.e. lowering of bed level during that period. Figure also
shows rise of bed level before and after that period. This is
also evident from figure 5.36. From figure 5.36 it is also
observed that there is no remarkable changes between the
elevation for 5% and 10% of total area from 1969-70 to 1990-91

although there were changes during different periods.

From figure 5.19.a and table 5.2 it is seen that above 11.50
m elevation, the cross-sectional area decreased during certain

periods and increased during certain periods.

From figures 5.19.a to 5.19.b table 5.2 and above
discussion, it can be concluded that there has not been
significant change 1in cross-sectional area and the bed lTevel
during the period 1969-70 to 1990-91 even though there were
changes in cross-sectional area and bed level during different

periods.

From figures 5.3.a to 5.3.b and table 5.3 it 1is seen that at
section J-15 (Ch. 55.65 km) the cross-sectional area upto about
9.5 m elevation for the years 1969-70 to 1977-78 and 1986-87 are
nearly equal to 0; the cross-sectional area for the years 1978-79

z and also the cross-

2

and 1990-91 are nearly equal to 600.00 m
sectional area for the years 1981-82 and 1988-89 are 217.00 m

and 1648.00 m? respectively. Above this elevation, it is observed
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that the cross-sectional area increases quite fast with increase

of elevation due to rapid increase of width. From figures 5.3.a
to 5.3.b and table 5.3 it is also observed that at 21.15 m
elevation, the cross-sectional area for the year 1969-70 is
28626.00 m2, the cross-sectional area for the years 1977-78 to
1986-87 are nearly equal to 36000.00 m2; and the cross-sectional
area for the years 1976-77 and 1988-89 are 45056.00 m2 and
38382.00 m? respectively. The cross-sectional area for the year
1990-91 is 47989.0 m? which is more than the cross-sectional area
of any other years.

In general, it can be told that there are changes of cross-
sectional area in between 1969-70 and 1900-91. But the cross-
sectional area for the year 1969-70 is less than the cross-
sectional area for the year 1990-91 from bottom to top level. The
effective width in general has increased over the year.

From figures 5.20.a to 5.20.b and table 5.3 it is seen that
upto 10.5 m elevation, the cross-sectional area for the year
1988-89 is more than the cross-sectional area for any other
years. From these it can be noted that in 1988-89 there was some
erosion in bed level. From figure 5.37 and table 5.20 it is also
observed that lower elevation is required for the year 1988-89
for 5% of total cross-sectional area with respect to other years.
It indicates also that there is erosion of bed level in 1988-89.
But from figure 5.37, it 1is observed that the elevation for 10%
of total cross-sectional area in the year 1988-89 1is more than
the elevation for 5% of total cross-sectional area. From figure
5.37 it is also observed that bed erosion was 1limited only to

Tower elevation.
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From figure 5.20.a and table 5.3, it is seen that above 10.5
m elevation the cross-sectional area for the year 1990-91 is more

than the cross-sectional area for all other years.

The changes of cross-sectional area in different years for
same elevation are shown in figure 5.20.a. From figure 5.20.a it
is observed that above 10.5 m elevation, the cross-sectional
area for the year 1990-91 is more than the cross-sectional area
of all other years. From the same figure, it is observed that
the river section in general increased in area from 1969-70 to
1976-77, then decreased from 1976-77 to 1977-78, then remained
more or Tless same from 1977-78 to 1986-87 and again 1increased
from 1986-87 to 1990-91. From figure 5.20.a and above discussion
it can be told that there was erosion in bed level i.e. bed level
has been fall down in the year 1990-91 with respect to the year

1969-70 at section J-15 (Ch. 55.65 km).

From figure 5.4.a to 5.4.b and table 5.4 it is seen that at
10.5 m elevation of section J-14 (Ch.71.20 km), the cross-
sectional area for the years 1969-70, 1976-77, 1977-78, 1978-79,
1981-82, 1986-87, 1988-89 and 1990-91 are 4322.00 m2, 3931.00 m2,
69.6 m2, 1226.00 m2, 581.00 m?, 965.00 m2, 1420.00 m? and 1791.00
m2 respectively. Among these, the cross-sectional area for the
year 1969-70 is more than any other year. Above this elevation,
it is observed that the cross-sectional area increases quite fast
with increase of elevation due to rapid increase of width. From

figure 5.4.a to 5.4.b and table 5.4 it is also observed that at

19.84 m elevation, the cross-sectional area for the years 1969-70
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and 1990-91 are nearly equal to 52500.00 m2, the cross-sectional

area for the years 1976-77 and 1986-87 are nearly equal to
46500.00 m2, the cross-sectional area for the years 1978-79 and

1988-89 are nearly equal to 40600.00 m2and the cross-sectional

2

area for the years 1977-78 and 1981-82 are 36810.00 m and-

44611.00 m? respectively.

In gyeneral, it can be told that there are changes of cross-
sectional area in between 1969-70 and 1990-91 but the cross-
sectional area for the years 1969-70 and 1990-91 are almost same
above 12.5 m elevation and more than the cross-sectional area of
any other years. The effective width of the river section in
1969-70 is more than the effective width in 1990-91. Besides
this, it is observed that the effective width has been decreased

over the year.

From figure 5.21.a to 5.21.b and table 5.4 it is seen that
upto 13.5 m elevation, the cross-sectional area for the year
1969-70 is more than any other years. From this, it can be
remarked that in 1969-70, there was some erosion in bed 1level.
From figure 5.38 and table 5.21 it is observed that Tlower
elevation is required for the year 1969-70 for 5% of total cross-
sectional area with respect to other years. This indicate also
that there is erosion of bed level. But the elevation for 10% of
total cross-sectional area is higher than the elevation for 5% of
total cross-sectional area in the year 1969-70. From figure 5.38

it is observed that bed erosion is limited only to lower

elevation.




The changes of cross-sectional area in different years for
same elevation are shown in figure 5.21.a for section J-14
(Ch.71.20 km). From figure 5.21.a it is observed that above 13.5
m elevation, the cross-sectional area for the year 1990-91 1is
more than the cross-sectional area of any other year. From the
same figure it is also observed that the cross-sectional area has
increased during certain period and decreased during certain
period. From figures 5.21.a to 5.21.b, table 5.4 and above
discussion, it may be stated that the bed level has been rise up

at section J-14 (Ch. 71.20 km) over the periods.

From figure 5.5.a to 5.5.b and table 5.5 it is seen that
at 9.5 m elevation of section J-13 (Ch. 84.70 km), the cross-
sectional area for the years 1969-70,1976-77, 1977-78, 1978-
79,1981-82, 1986-87, 1988-89 and 1990-91 are 9.57 m2, 1684.84 m?,

2

3017.24 m2, 783.70 m2, 1460.94 m?, 1816.86 m2, 2197.00 m? and

2504. 81 m? respectively. Among these, the cross-sectional area
for the year 1977-78 1is more than the cross-sectional area of
any other year. Above this 9.5 m elevation, it is observed that
the cross-sectional area increases rapidly with increase of
elevation and width. From figure 5.5.a to 5.5.b and table 5.5 it
is also observed that at 18.5 m elevation, the cross-sectional
area for the years 1969-70 and 1986-87 are nearly equal to
34000.00 m2; the cross-sectional area for the years 1976-77 and
1977-78 are nearly equal to 39590.00 m2; the cross-sectional area
for the years 1981-82 and 1988-89 are nearly equal to 28500.00

2 and the cross-sectional area for the years 1978-79 and 1990-
2

m

. respectively. Among these the

91 are 37473.00 m? and 41811.00 m




cross-sectional area for the year 1990-91 is more than the cross—

sectional area for all other years.

In general it can be told that there are changes of cross-
sectional areas in between 1969-70 and 1990-91. Besides thié,
the effective width has increased over the years.From figure
5.22.a to 5.22.b and table 5.5 it is seen that upto the elevation
13.5 m, the cross-sectional area for the years 1977-78 and 1990-
91 are nearly same and this cross-sectional area is more than
the cross-sectional areas for all other years. From these, it
can be marked that there were some erosion in bed level in 1977-
78 and 1990-91. From figure 5.39 and table 5.22 it 1is observed
that lower elevation is required for the years 1977-78 and 1990-
91 for 5% of total cross-sectional area with respect to all other
years. Although lower elevation is also observed for 5% of total
cross—seétiona1 area in 1988-89 but in this case the area for 5%
of total cross-sectional area is less than that of the 5% of
total cross-sectional area in 1977-78 and 1990-91. These
1nd1caté also the erosion in bed level in the years 1977-78 and
1990-91. Figure 5.39 also indicate that there is_ no remarkable
changes of elevation for 5% and 10% of total cross-sectional area

in the year 1977-78 and 1990-91.

From figure 5.22.a and table 5.5 it is seen that above 13.5
m elevation, the cross-sectional area for the year 1990-91 is
more than the cross-sectional areas for all other years. From the
same figure it is also observed that above 13.5 m elevation, the

cross-sectional area increased during certain period and
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decreased during certain period. The changes of cross-sectional
area of different years for same elevation are shown in figure
5.22.a. From figure 5.22.a and table 5.5 it can be told that
there are erosion in bed level in the year 1990-91 with respect
to the year 1969-70. From the above discussion we can say that

there has been fall of bed level at section J-13 (Ch. 84.70 km).

From figure 5.6.a to 5.6.b and table 5.6 it is seen that at
9.5 m elevation of section J-12 (Ch. 100.50 km), the cross-
sectional area for the years 1969-70, 1977-78, 1978-79, 1981-82,
1986-87, 1988-89 and 1990-91 are 1428.00 m2, 2479.00 m2, 2646.00
m2, 3450.00 m2, 1990.00 mZ2, 441.00 m? and 2819.00 m?
respectively. Among these, the cross-sectional area for the year
1981-82 is more than the cross-sectional area for all other
years. Above this elevation 9.5 m, it is observed that the cross-
sectional area increases quite fast with increase of elevation
due to rapid increase of width. From figure 5.6.a to 5.6.b and
table 5.6 it 1is also observed that at 17.37 m elevation, the
cross-sectional area for the years 1969-70, 1977-78, 1978-79,

1981-82, 1986-87, 1988-89 and 1990-91 are 30352.00 m2, 42731.00

2

m2, 47395.00 m?2, 37611.00 m?, 34242.00 m?, 34920.00 m? and

2 respectively. Among these, the cross-sectional area

48305.00 m
for the year 1990-91 is more than the cross-sectional area for

all other years.

In general, it can be told that there are changes of cross-
sectional area in between 1969-70 and 1990-91. But the cross-

sectional area in 1990-91 1is more than the cross-sectional area




in 1969-70. Besides this,. it is observed that the width has,
increased during certain period and decreased during certain

period i.e. Overall width has increased over the periods.

From figure 5.23.a to 5.23.b and table 5.6 it is seen that
upto elevation 9.5 m of section J-12 (Ch. 100.50 km), the cross-
sectional area for the year 1981-82 is more than the cross-
sectional area for all other years. From this it can be told that
there was some erosion in bed level 1in 1981-82. From figure 5.40
and table 5.23 it is observed that lower elevations are required
for the year 1981-82 for 5% and 10% of total cross-sectional
area with respect to all other years. This also indicate the

erosion of bed level for the year 1981-82.

From figure 5.23.a and table 5.6 it is seen that above 9.5 m
elevation, the cross-sectional area for the year 1990-91 is more
than the cross-sectional area for all other years. From the same
figure it is observed that the cross-sectional area has
increased from the year 1969-70, then decreased from the year
1978-79 and again increased from the year 1988-89. From figure
5.23.a and table 5.6 it is also observed that the cross-sectional
area for the year 1990-91 is more than the cross-sectional area

for the year 1969-70 from lower to higher elevation.

The changes of cross-sectional area in different years for
same elevation are shown in figure 5.23.a. From figure 5.23.a to
5.23.b and table 5.6, it can be told that there are erosion 1in

bed level for the year 1990-91 with respect to the year 1969-70.
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From figure 5.23.a, table 5.6 and above discussion, it may be

concluded that there has been fall of bed level at section J-12

(Ch. 100.50 km).

From figure 5.7.a to 5.7.b and table 5.7 it is seen that at
7.5 m elevation of section J-11 (Ch.117.75 km), the cross-

sectional area for the years 1969.70, 1976-77, 1977-78, 1978-79,

1981-82, 1986-87, 1988-89 and 1990-91 are 140.00 m2, 1597.00 m?,
3153.00 m2, 2084.00 m2, 3304.00 m2, 2184.00 m?, 268.00 m? and
5078.00 m? respectively. Among these, the cross-sectional area

for the year 1990-91 is more than the cross-sectional area for
all other years. Above this elevation, it is observed that the
cross-sectional area increases with increase of elevation due to
rapid increase of width. From figure 5.7.a to 5.7.b and table 5.7
it is also observed that at 16.25 m elevation, the cross-
sectional area for the years 1969-70, 1976-77, 1977-78, 1978-79,
1981-82, 1986-87, 1988-89, and 1990-91 are 25690.00 m2, 29413.00
m2, 43958.00 m2, 44760.00 m2, 40723.00 m2, 41497.00 m?, 37470.00

2 respectively. Among these, the cross-sectional

m? and 50572.00 m
area for the year 1990-91 is more than the cross—-sectional area
for all other years. It may be mentioned here that the cross-
sectional area for the year 1990-91 is double the cross-sectional
area for the year 1969-70. In general, it can be told that
there are changes of cross-sectional areas in between 1969-70
and 1990-91. But the effective width in 1990-91 is more than
the effective width in 1969-70. Besides this, it is observed

that the width in general has increased over the years.




From figure 5.24.a to 5.24.b and table 5.7 it is seen that
upto elevation 7.5 m, the cross-sectional area for the year
1990-91 1is more than the cross-sectional area for all other
years. From this, it can be marked that in 1990-91 there was some
erosion in bed level. From figure 5.41 and table 5.24 it is
observed that lower elevations are required for the year 1990-91
for 5% and 10% of total cross-sectional area with respect to all

other years. This also indicate the erosion of bed Tlevel in

1990-91.

From figure 5.24.a and table 5.7 it is seen that upto 10.5 m
elevation and above 12.5m elevation the cross-sectional area for
the year 1990-91 is more than the corss-sectional area for all
other years. From the same figure it is observed that the cross-
sectional area has increased from the year 1969-70, then remained
more or less same from 1977-78 to 1978-79, then decreased from
1978-79 and again increased from the year 1988-89. From figure
5.24.a and table 5.7 it is also observed that the cross-sectional
area for the year 1990-91 1is more than the cross-sectional area
for the year 1969-70 from lower elevation to higher elevation.
The changes of cross-sectional area in different years for same
elevation are shown in figure 5.24.a. From figure 5.24.a and
table 5.7 it can be told that there are erosion in bed level in
1990-91 with respect to the year 1969-70 for section J-11
(Ch.117.75 km). From the above figure and discussion, it may be

concluded that the bed level falls down.
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From figures 5.8.a to 5.8.b and table 5.8 it is seen that
at 6.5 m elevation of section J-10 (Ch. 134.30 km), the cross-
sectional area for the years 1969-70 and 1976-77 are nearly equal
to 4450.00 m2, the cross-sectional area for the years 1978-79 and

2 and the cross-sectional

1990-91 are nearly equal to 1400.00 m
arca for the years 1977-78, 1981-82, 1986-87 and 1988-89 are
2535.00 m2, 2286.00 m2, 1141.00 m2 and 0 respectively. Among
these, the cross-sectional area for the years 1969-70 and 1976-77
are more than the cross-sectional area for all other years.
Above this 6.5 m elevation, the cross-sectional area increases

guite fast with increase of elevation due to rapid increase of

width.

From figure 5.8.a to 5.8.b and table 5.8 it is observed the
cross—-sectional area at 15.12 m elevation for the years 1969-70,
1976-77, 1977-78, 1978-79, 1981-82, 1986-87, 1988-89 and 1990-91
are 44489.00 m2, 61079.00 m2, 55102.00 m?, 49770.00 m?, 46350.00

2 and 42769.00 m? respectively. Among

m2, 37356.70 m2, 35039.00 m
these, the cross-sectional area for the vyear 1976-77 1is more

than the cross-sectional area for all other years.

In general it can be told that there are changes of cross-
sectional area in between the year 1969-70 and 1990-91 but the
cross-sectional area for the year 1969-70 is more than the cross-
sectional area for the year 1990-91. The effective width of
river section in 1969-70 is more than the effective width 1in
1990-91. Besides this, it is observed that the effective width

has decreased over the years.
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Figures 5.25.a to 5.25.b, and table 5.8 show that upto 6.5 m-
elevation the cross-sectional area for the years 1969-70 and
1976-77 are more than the cross-sectional area for all other
years. This indicates that there are erosion in bed level in
1969-70 and 1976-77. From figure 5.42 and table 5.25 it is
observed that lower elevations are required for the years 1969-70
and 1976-77 for 5% and 10% of total cross-sectional areas with
respect to other years. This also indicate the erosion of bed

level in 1969-70 and 1976-77.

From figure 5.25.a and table 5.8 it is seen that above 6.5 m
elevation, the cross-sectional area for the year 1976-77 1is more
than the cross-sectional area for all other years. This same
figure and table show that above 6.5 m elevation, the cross-
sectional area has increased from 1969-70, then decreased from
1976-77 and again increased from the year 1988-89. From the same
figure and table, it may be mentioned that the cross-sectional
area for the year 1969-70 is more than the cross—-sectional area
for the year 1990-91 from lower to higher elevation. The changes
of cross-sectional area in different years for same elevation are
shown in figure 5.25.a. From figure 5.25.a and above discussion,
it may be concluded that bed level rises up at section J-10 (Ch.

134.30 km).

From figure 5.9.a to 5.9.b and table 5.9 it is seen that
at 5.5 m elevation of section J-9 (Ch. 142.45 km), the cross-
sectional area for the years 1969-70 and 1976-77 are nearly

equal to 1100.00 m2, the cross—sectiona1 area for the years 1977-
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78, 1981-82, 1986-87, 1988-89 and 1990-91 are 2006.00 m2, 1635.00 -

2 respectively. Among

m2, 775.00 m?, 609.00 m? and 4468.00 m
these, the cross-sectional area for the year 1990-91 is more than
the cross-sectional area for all other years. Above this
elevation, it is observed that the cross-sectional area increases
with increase of elevation and width. From figure 5.9.a to 5.9.b
and table 5.9 it is seen that at 14.00 m elevation, the cross-
sectional area for the years 1969-70, 1976-77, 1977-78, 1981-82,
1986-87, 188-89 and 1990-91 are 29571.00 m2, 40008.00 m2
36824.00 m2, 40469.00 m2, 38957.00 m?, 45736.00 m? and 41471.00
m? respectively. Among these the cross—-sectional area for the
year 1988-89 is more than the cross-sectional area for all other
years.

In general, it may be mentioned that there are changes of
cross-sectional area in between 1969-70 and 1990-91. But the
cross-sectional area and effective width in 1990-91 are more than
the cross-sectional area and effective width in 1969-70 at 14.00
m elevation of section J-9 (Ch. 142.45 km). Besides this, it is
also observed that the effective width has increased over the
year.

From figure 5.26.a to 5.26.b and table 5.9 it is seen that
upto elevation 7.5 m, the cross-sectional area for the year
1990-91 is more than the cross-sectional area for all other
years. It indicate that there was some erosion in bed Tlevel in
1990-91. From figure 5.43 and table 5.26 it is observed that
lower elevations are required for the year 1990-91 for 5% and 10%

of total cross-sectional area with respect to all other years.

This also indicates the erosion of bed level in 1990-91.
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Figures 5.26.a to 5.26.b and table 5.9 show that above 7.5 m

elevation the cross-sectional area for the year 1981-82 is more
than the cross-sectional area for all other years upto the
elevation 11.5 m. Above 11.5 m elevation the cross-sectional area
for the year 1988-89 is more than the cross-sectional area for
all other years upto the eievation 14.00 m. From the same figure
and table, 1in general, it can be told that the cross-sectional
area has increased during certain period and decreased during
certain period. From figures 5.26.a to 5.26.b and table 5.9, it
is seen that the cross-sectional area for the year 1990-91 is
more than the cross-sectional area for the year 1969-70 from
lower to higher elevation. The changes of cross—-sectional area
in different years for same elevation are shown in figure 5.26.a.
From figures 5.26.a to 5.26.b, table 5.9 and the above discussion
it may be conc]udedvthat the bed level falls down at section J-9
(Ch. 142.45 km).

From figures 5.10.a to 5.10.b and table 5.10 it 1is seen
that at 4.5 m elevation of section J-8 (Ch. 149.50 km), the
cross-sectional area for the years 1969-70 and 1981-82 are nearly
equal to 4250.00 m2; the cross-sectional area for the years 1986-

‘ and the cross-

87 and 1988-89 are nearly equal to 1800.00 m
sectional area for the years 1976-77, 1977-78, 1978-79 and 1990-
91 are 478.3 m2, 1015.88 m2, 2664.76 m? and 674.30 m2
respectively. Among these, the cross-sectional area for the year
1969-70 and 1981-82 is more than the cross-sectional area for all

other years. Above this elevation, the cross-sectional area

increases with increase of elevation and width . From the same

figures and table it is observed that at 13.23 m elevation, the




cross-sectional area for the years 1977-78 and 1990-91 are nearly

equal to 40,000.00 m2, the cross-sectional area for the years

2 and the cross-

2

1978-79 to 1988-89 are nearly equal to 33500.00 m
sectional area for the years 1969-70 and 1976-77 are 28898.00 m
and 35586.20 m? respectively. Among these, the cross-sectional
area for the years 1977-78 and 1990-91 is more than the cross-
sectional area for all other years.

In general, it can be told that there are changes of cross-
sectional area in between 1969-70 and 1990-91 but the cross-
sectional area and effective width at 13.23 m elevation for the
year 1990-91 are more than the cross-sectional area and effective
width for the year 1969-70. Besides this, it is also observed
that the effective width has increased over the years.

From figure 5.27.a to 5.27.b and table 5.10 it is seen that
upto the elevation 4.5 m, the cross-sectional area for the years
1969-70 and 1981-82 is more than the cross-sectional area for all
other years. This indicate that there were some erosion in bed
Tevel 1in the year 1969-70 and 1981-82. Figure 5.44 and table
5.27 show that lower elevations are required for the years 1969-
70 and 1981-82 for 5% and 10% of total cross-sectional area with
respect to all other years. It also indicates the erosion of bed
level in 1969-70 and 1981-82.

Figure 5.27.a to 5.27.b and table 5.10 show that above 4.5 m
elevation, the cross-sectional area for the year 1981-82 is more
than the cross-sectional area for all other years upto the
elevation 9.5 m and above 9.5 m elevation the cross-sectional
area for the year 1977-78 1is more than the cross—-sectional area

for all other years upto the elevation 13.23m.

101




From the same figures and table it is observed that the
cross-sectional area at lower elevation for the year 1969-70 was
more than the cross-sectional area for the year 1990-91 but at
higher elevation the cross-sectional area for the year 1990-91
was more than the cross-sectional area for the year 1969-70. The
changes, of cross-sectional area in different years for same
elevation are shown in figure 5.27.a. From figure 5.27.a to
5.27.b, table 5.10 and the above discussions, it may be stated
that the bed level rises up at section J-8 (Ch. 149.50 km).

From figure 5.11.a to 5.11.b and table 5.11 it is seen that
at 1.5 m elevation of section J-7 (Ch. 162.35 km), the cross-
sectional area for the years 1976-77, 1978-79 and 1988-89 are
nearly equal to 450.00 m2, the cross-sectional area for the years

1969-70, 1977-78, 1981-82, 1986-87 and 1990-91 are 2566.20 m2,

2 and 0 respectively. Among

150.88 m2, 4015.14 m2, 1811.24 m
these, the cross-sectional area for the year 1981-82 is more than
the cross-sectional area for all other years. Above this
elevation tHe cross-sectional area increases quite fast with
increase of elevation due to rapid increase of width. The same
figures and table show that at 12.5 m elevation, the cross-
sectional area for the years 1969-70,1976-77 and 1977-78 are
nearly equal to 30,000.00 m2; the cross-sectional area for the
years 1986-87 and 1990-91 are nearly equal to 28000.00 m2; and
the cross-sectional area for the years 1978-79, 1981-82 and 1988-

89 are 40435.60 m2, 67398.0 m2 and 34752.10 m? respectively.

Among these the cross-sectional area for the year 1981-82 is more

than the cross-sectional area for all other years.




In general it can be told that there are changes of cross-

sectional area in between 1969-70 and 1990-91 but the cross-
sectional area for the year 1990-91 is less than the cross-
sectional area for the year 1969-70 from Jlower to higher
elevation. The effective width in the year 1990-91 is more than
the effective width in the year 1969-70. Besides this, it is
observed that the effective width has increased over the years.

From figures 5.28.a to 5.28.b and table 5.11 it is seen that
upto the elevation 1.5 m, the cross-sectional area for the year
1981-82 1is more than the cross-sectional area for all other
years. This indicate that there was some erosion in bed level in
1981-82. Figure 5.45 and table 5.28 show that lower elevations
are required for the years 1969-70 and 1986-87 for 5% and 10% of
total cross-sectional area with respect to all other years. But
the area for 5% and 10% of total cross-sectional area for the
year 1981-82 is more than the area for 5% and 10% of total cross-
sectional area of all other years. If we compare the elevations
for 5% and 10% of total cross-sectional area then the elevations
for the year 1981-82 are lower than all other years. This also
indicate the erosion of bed level in 1981-82.

Figs. 5.28.a to 5.28.b and table 5.11 show that above 1.5m
elevation, the cross-sectional area for the'year 1981-82 1is more
than the cross-sectional areas for all other years up to the
elevation 12.5 m. From the same figures and table it is observed
that the cross-sectional area has increased from the year 1969-70
and decreased from the year 1981-82. But the cross-sectional area
for the year 1969-70 1is more than the cross—-sectional area for

the year 1990-91 from lower to higher elevation. The changes of
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cross-sectional area for different years for same elevations are
shown in figure 5.28.a. From figures 5.28.a to 5.28.b and above
discussion it may be concluded that the bed level rises up at
section J-7 (Ch. 162.35 km).

From figure 5.12.a to 5.12.b and table 5.12 it is seen that
at 0 a2levation of section J-6 (Ch. 177.70 km), the cross-
sectional area for the years 1976-77 and 1986-87 are nearly equal
to 0, the cross-sectional area for the years 1977-78 and 1988-89
are nearly equal to 800.00 m? and the cross-sectional area for
the years 1969-70, 1978-79, 1981-82 and 1990-91 are 1573.51 m2,

2 respectively. Among these,

2477.41 m?, 3139.14m? and 357.60 m
the cross-sectional area for the year 1981-82 1is more than the
cross-sectional area for all other years. Above this elevation,
the cross-sectional area increases quite fast with increase of
elevation due rapid increase of width. The same figures and table
show that at 11.70m elevation, the cross-sectional area for the
years 1969-70 and 1986-87 are nearly equl to 30,000.00 m2; the
cross-sectional area for the years 1976-77 and 1977-78 are nearly
equal to 26000.00 m2; the cross-sectional area for the years
1978-79 and 1990-91 are nearly equal to 32,000.00 m2, and the
cross-sectional area for the years 1981-82 and 1988-89 are
42952.20 m? and 24207.20 m? respectively. Among these, the cross-
sectional area for the year 1981-82 is more than the cross-
sectional area for all other years.

In general, it can be told that there are changes of cross-

sectional areas in between 1969-70 and 1990-91 but the cross-

sectional area for the year 1990-91 is less than the cross-

sectional area for the year 1969-70 upto the elevation 3.5 m.




The cross-sectional area for the year 1990-91 is more than the

cross-sectional area for the year 1969-70 above 3.5 m elevation.
The effective width for the year 1990-91 is 1less than the
effective width for the year 1969-70. Besides this, it 1is
observed that the effective width has decreased over the years.
From figure 5.29.a to 5.29.b and table 5.12 it is seen that
upto the elevation O, the cross-sectional area for the year
1981-82 is more than the cross-sectional areas for all other
years. This indicate that there was some erosion in bed level 1in
1981-82. Figure 5.46 and table 5.29 show that lower elevation is
required for 5% for the year 1981-82 of total cross-sectional
area with respect to all other years. Although the elevation for
10% of total cross-sectional area for the year 1978-79 1is lower
than that for the year 1981-82 but the area for 10% of total
cross-sectional for the year 1981-82 1is more than that of 1978-
79. This also indicate the erosion of bed level in 1981-82.
Figure 5.29.a to 5.29.b and table 5.12 show that after O
elevation the cross-sectional area for the yvear 1981-82 is also
more than the cross-sectional area for all other years upto the
elevation 11.70 m. From the same figures and table it is
observed that the cross-sectional area has decreased from 1969-
70 and 1981-82 and has increased from 1977-78 and 1988-89. The
cross-sectional area for the year 1969-70 is more than the cross-
sectional area for the year 1990-91 upto the elevation 3.5 m and
above 3.5 m elevation the cross-sectional area for the year 1969-
70 is lower than the cross-sectional area for the year 1990-91.
The changes of cross-sectional area in different years for same

elevations are shown in figure 5.29.a. From figure 5.29.a to
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to 5.29.b, Fig. 5.46, table 5.12 and above discussions, it may be
concluded that the cross-sectional area and bed level changed at
different rates in different years but the bed level rises up at

this section J-6 (Ch. 177.20 km).

From figure 5.13.a to 5.13.b and table 5.13 it 1is observed
that at O elevation of section J-5 (Ch. 188.20 km), the cross-
sectional area for the years 1969-70, 1976-77, 1977-78, 1978-79,

1981-82 and 1988-89 are 1008.84 m2, 1584.10 m2, 4132.2 m?,

3243.70 m2, 570.26 m2 and 179.81 m2 respectively; the cross-
sectional area for the years 1986-87 and 1990-91 are nearly
equal to 0. Among these, the cross-sectional area for the vyear
1977-78 1is more than the cross-sectional area for all other

years. Above this elevation, the cross-sectional area increases

with increase of elevation and width.

From figures 5.13.a to 5.13.b and table 5.13 it is also
observed that at 10.94 m elevation, the cross-sectional area for
the year 1969-70, 1977-78 and 1978-79 are 28270.40 m2, 50425.10
m2 and 56075.90 m? respectively; the cross-sectional area for the
years 1976-77 and 1990-91 are nearly equal to 37500.00 m?2 and the
cross-sectional area for the years 1981-82 to 1988-89 are equal
to 32500.00 m? . Among these, the cross-sectional area for the

year 1978-79 1is more than the cross-sectional area for all other

years.
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In general, it can be told that there are changes of cross-
sectional area in between 1969-70 and 1990-91. But the cross-
sectional area for the year 1969-70 is more than the cross-
sectional area for the year 1990-91 upto the elevation 2.5 m and
above 2.5 m elevation the cross—-sectional area for the year 1969-
70 is less than the cross-sectional area for the year 1990-91.
The effective width in the year 1990-91 1is less than the
effective width 1in the year 1969-70.Besides this the effective

width has decreased over the years.

Figures 5.30.a to 5.30.b and table 5.13 show that upto O
elevation the cross-sectional area for the year 1977-78 1is more
than the cross-sectional area for all other years. This indicate
that there was some erosion in bed level. Figure 5.47 and table
5.30 show that lower elevations are required for the year 1977-78
for 5% and 10% of total cross-sectional area with réspect to all
other years. This indicates also the erosion in bed level in the

year 1977-78.

From figure 5.30.a to 5.30.b and table 5.13 it is observed
that above 0 elevation, the cross-sectional area for the year
1978-79 is more than the cross-sectional area for all other
years. From the same figures and table it is observed that in
general, the cross-sectional area has increased from 1969-70,
then decreased from the year 1978-79 and again increased from the
year 1988-89. The changes of cross-sectional area in different
vears for same elevation are shown in figure 5.30.a. From the

above figures and table it may be mentioned that the cross-
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sectional area for the year 1969-70 upto 2.5 m elevation is more
than the cross-sectional area for the year 1990-91. From figure
5.30.a to 5.30.b, Fig. 5.47 and above discussions it can be told
that there was deposition in bed level in the year 1990-91 with
respect to the year 1969-70, i.e. there has been rise of bed

level at section J-5 (Ch. 188.20 km).

From figures 5.14.a to 5.14.b and table 5.14 it 1is seen
that at 0 elevation of section J-4 (Ch. 201.30 km), the cross-
sectional area for the years 1977-78 and 1988-89 are nearly equal
to 1840.00 m2; the cross-sectional area for the years 1978-79 and
1990-91 are nearly equal to 97.00 m? and the cross-sectional area
for the years 1969-70, 1976-77, 1981-82 and 1986-87 are 916.58

2

m2 . 3466.20 m2, 2735.82 m? and 3194.23 m° respectively. Among

;
these, the cross-sectional area for the year 1976-77 is more
than the cross-sectional area for all other years. Above this O
elevation, the cross-sectional area 1increases auite fast with
increase of elevation and width. The same figures and table
show that at 10.15m elevation the cross-sectional area for the
year 1969-70 1is 46194.60 m2, the cross-sectional area for the
years 1976-77 to 1978-79 and 1986-87 to 1988-89 are nearly equal
to 28000.00 m?2 and the cross-sectional area for the years 1981-82

and 1990-91 are nearly equal to 35000.00 m? . Among these, the

cross—-sectional area for the year 1969-70 is more than the cross-

sectional area for all other years.




In general, it can be told that there are changes of cross-—
sectional area in between 1969-70 and 19380-91 but the cross-
sectional area for the year 1969-70 1is more than the cross-

sectional area for the year 1990-91 from lower to higher

elevation. The effective width of river section in 1969-70 {s

however double the effective width in the year 1990-91. Besides
this it is observed that the effective width in general has

decreased over the years.

Figure 5.31.a and table 5.14 show that upto 0 elevation, the
cross-sectional area for the year 1976-77 is more than the cross-
sectional area for all other years. This indicate that there was
some erosion in bed level in 1976-77. From figure 5.48 and table

5. 31, it is seen that Tlower elevations are required for 5% and

10% of total cross-sectional area for the year 1976-77 with
respect to all other years. This also indicates the erosion of
bed level in the yvear 1976-77. Figure 5.31.a and table 5.14 also
show that there was erosion in bed Tlevel in 1981-82 and 1986-

87.

From figure 5.31.a and table 5.14, it is observed that above
0 elevation, the cross-sectional area for the year 1981-82 is
more than the cross-sectional area for all other years upto the
elevation 8.5 m and above 8.5 m elevation, the cross—-sectional
area for the year 1969-70 is more than the cross-sectional area
for all other years upto 10.15 m elevation. The same figure and
table show that in general the cross-sectional area has decreased

during certain period and increased during certain period. The
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changes of cross-sectional area in different years for same
elevation are shown in figure 5.31.a. From figures 5.31.a to
5.31.b and above discussions, it may be mentioned that there was
deposition in bed level 1in the year 1990-91 with respect to the
year 1969-70 i.e. there has been rise of bed level at section J-4

(Ch. 201.30 km).

From figures 5.15.a to 5.15.b and table 5.15 it is observed
that at -1.5 m elevation of section J-3 (Ch. 213.20 km), the
cross-sectional area for the years 1969-70, 1976-77 and 1990-91
are nearly equal to 300.00 m?2 and the cross-sectional area for

the year 1977-78, 1978-79, 1981-82, 1986-87 and 1988-89 are

5356.7 m2. 1209.107 m2,595.20 m2, 13.45 m? and 2228.07 m?

b

respectively. Among these the cross-sectional area for the year

1977-78 is more than the cross-sectional area for all other

years. Above this -1.5 m elevation, the cross-sectional area
increases guite fast with increase of elevation and width. The
same figures and table show that at 9.39 m elevation the cross-
sectional area for the years 1977-78 and 1988-89 are nearly equal
to 51500.00 m? and the cross-sectional area for the years 1969-
70, 1976-77,1978-79, 1981-82, 1986-87 and 1990-91 are 25868.30
m2. 34347.50 m2, 44427.90 m?, 36694.80 m? , 32325.30 m? and
50886.70 m2 respectively. Among these, the cross—-sectional area

for the years 1977-78 and 1988-89 are more than the cross-

sectional area for all other years.




In general, it can be stated that there are changes of
cross-sectional area in between 1969-70 and 1990-91 but thé
cross-sectional area for the year 1990-91 is more than the
cross-sectional area for the year 1969-70 from lower to higher
elevation. The effective width in the year 1990-91 is more than
the effective width in the year 1969-70. Besides this, the

effective width has increased over the years.

Figure 5.32.a to 5.32.b and table 5.15 show that upto -1.5 m
elevation, the cross-sectional area for the year 1977-78 1is more
than the cross-sectional area for all other years. This
indicates that there was erosion in bed level in the year 1977-
78. From figure 5.49 and table 5.32 it is seen that Tower
elevations are required for 5% and 10% of total area for the year
1977-78 with respect to all other years. This also indicates the
erosion in bed level for the year 1977-78. From figures 5.32.a
and table 5.15 it may be mentioned that there was erosion in bed

level in the year 1988-89.

From figure 5.32.a and table 5.15 it is observed that above
-1.5 m elevation, the cross-sectional area for the year 1977-78
is more than the cross-sectional area for all other years up to
the elevation 8.50 m. The same figures and table show that the
cross—-sectional area has increased from 1969-70 to 1977-78, then
decreased from 1977-78 to 1986-87 and again increased from the
year 1986-87 to 1990-91. The changes of cross-sectional area in

different years for same elevation are shown in figure 5.32.a. -

Figures 5.32.a to 5.32.b, Fig. - 5.49, table 5.15 and above




discussions, it may be concluded that the bed level rises up at

station J-3 (Ch.213.20 km).

From figures 5.16.a to 5.16.b and table 5.16 it is seen that
at 1.5 m elevation of section J-2 (Ch. 223.20 km), the cross-
sectional area for the years 1969-70,1976-77, 1977-78, 1978-79,

1981-82,1986-87,1988-89 and 1990-91 are 7248.97 m2, 6682.00 m?,

5426.00 m2. 5780.00 m2, 6122.00 m2, 1772.00 m?, 6274.00 m?

?

and
3875.00 m2 respectively. Among these, the cross-sectional area
for the year 1969-70 1is more than the cross-sectional area for
all other years. Above this elevation, the cross—-sectional area
increases with increase of elevation and width. The same figures
and table show that at 8.66 m elevation, the cross—-sectional area
for the years 1977-78 and 1990-91 are nearly equal to 34470.00

m2, the cross—-sectional area for the years 1969-70, 1976-77,

1978-79, 1981-82, 1986-87,1988-89 are 28501.00 m2, 52151.00 m?,
41352.00 m2, 36868.00 m2, 35849.00 m? and 30228.50 m?2
respectively. Among these, the cross-sectional area for the year

1976-77 1is more than the cross-sectional area for all other

years.

In general, it can be told that there are changes of cross-
sectional areas in between 1969-70 and 1990-91 but the cross-
sectional area for the year 1969-70 is more than the cross-
sectional area for the year 1990-91 upto elevation 2.5 m and
above 2.5 m elevation, the cross-sectional area for the year

1969-70 is less than the cross-sectional area for the year 1990-

91. The effective width in the year 1969-70 1is more than the




effective width in the year 1990-91. Besides this, it is observed

that the effective width has decreased over the years.

Figures 5.33.a to 5.33.b and table 5.16 show that upto 1.5 m
elevation, the cross-sectional area for the year 1969-70 is more
than the cross-sectional area for all other years. This indicate
that there was erosion in bed level in the year 1969-70. From
figure 5.50 and table 5.33, it is seen that lower elevations are
required for 5% and 10% of total cross—-sectional area for the
year 1969-70. This also indicate the erosion in bed level in the

year 1969-70.

From figures 5.33.a to 5.33.b and table 5.16 it is also
observed that above 1.5 m elevation, the cross-sectional area for
the year 1976-77 is more than the cross-sectional area for all
other years upto elevation 8.66 m. The same figures show that the
cross-sectional area has increased from the year 1969-70 to
1976-77, then decreased during certain periods and increased
during certain period above 1.5 m elevation. The changes of
cross-sectional area in different years are shown in figure
5.33.a. Figure 5.33.a and table 5.16 show that the cross-
sectional area for the year 1969-70 is more than the cross-
sectional area fo? the year 1990-91 upto the elevation 1.5 m.
From figures 5.33.a to 5.33.b, Fig. 5.50 and above discussions,
it may be concluded that there has been rise of bed Tlevel at

section J-2 (Ch. 223.20 km).
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From figure 5.17.a to 5.17.b and table 5.17 it is seen that
at -1.5 m elevation of section J-1 (Ch. 230.75 km), the cross-
sectional area for the years 1976-77 and 1977-78 are nearly
equal to 4700.00 m2, the cross-sectional area for the years 1969-
70, 1978-79, 1981-82, 1986-87, 1988-89 and 1990-91 are 3140.64
m2, 2741.26 m2, 2133.32 mZ, 3245.71 m?, 4524.30 m2 and 182.83 m?
respectively. Among these, the cross-sectional area for the years
1976-77 and 1977-78 is more than the cross-sectional area for all
other years. After this -1.5 m elevation, the cross-sectional
area increases with increase of elevation and width. The same
figures and table show that at 8.17 m elevation the cross-
sectional area for the years 1969-70, 1876-77, 1977-78, 1978-79,

1981-82, 1986-87, 1988-89 and 1990-91 are 36342.60 m2, 36940.90

m2, 40159.20 m2, 43706.2 m2, 42291.20 m?, 39280.00 m?, 67419.10
mZ and 33822.20 m? respectively. Among these, the cross-

sectional area for the year 1988-89 is more than the cross-

sectional area for all other years.

In general, it can be told that there are changes of cross-
sectional area in between 1969-70 and 1990-91 but the cross-
sectional area for the year 1969-70 is more than the cross-
sectional area for the year 1990-91 from lower to higher
elevation. The effective width in the year 1969-70 1is less than
the effective width in the year 1990-91. Besides this, the

effective width has increased over the years.
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Figures 5.34.a to 5.34.b and table 5.17 show that upto -1.5
m elevation, the cross-sectional area for the years 1976-77 and
1977-78 are more than the cross-sectional area for all other
years. This indicate that there were erosion in bed level in
1976-77 and 1977-78. From figure 5.51 and table 5.34 it 1is
observed that lower elevations are required for 5% and 10% of
total cross-sectional area for the years 1976-77 and 1977-78.
This also indicate the erosion in bed level 1in the years 1976-77

and 1977-78.

From figures 5.34.a to 5.34.b and table 5.17 it is observed
that above -1.5 m elevation, the cross-sectional area for the
year 1988-89 is more than the cross-sectional area for all other
years. The same figures and table show that the cross—-sectional
area has increased from the year 1969-70 to 1988-89 and decreased
from the year 1988-89 to 1990-91 above -1.5 m elevation. The
changes of cross-sectional area in different years for same
elevation are shown in figure 5.34.a. Figures5.34.a to 5.34.b and
table 5.17 show that the cross-sectional area for the year 1969-
70 is more than the cross-sectional area for the year 1990-91
from lower to higher elevation. From the same figures and above
discussion, it can be told that there has been rise of bed Tevel

at section J-1 (Ch. 230.75 km).

5.3 Cross—-sectional area versus distance

Figures 5.52.a to 5.68.b show the conveyance area across the
width for river sections at stations J-17 to J-1 for the years

1969-70, 1976-77, 1977-78, 1978-79,1981-82, 1986-87, 1988-89 and
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1990-91. Figures 5.69.a to 5.85.h show the cross-sections of all
the 17 stations for different years. It has already been
mentioned that for each station except J-12 and J-9 eight years
of data were available and for station J-12 and J-9 seven years
of data were available. Even though plotting of area versus
distance across the width for all the years for each station in a
single figure will give better opportunity to compare shifting of
conveyance area across the width, it was decided to show the
variation in two figures keepiﬁg one year data common in both the

figures for better presentation.

Figures 5.52.a to 5.52.b and tables 5.35.1 to 5.35.8 show
how the cross-sectional area upto 23.65 m elevation of the
section J-17 (Ch. 25.00 km) for different years vary across the
width from right to left bank. The cross-sectional area for the
years 1969-70 and 1990-91 were almost same but less than the
cross-sectional area for all other years. The cross—-sectional
area for the years 1976—773 1978-79,1981-82, 1986-87 and 1988-89
were more of less same. The cross-sectional area for the year
1977-78 was however maximum. From the same figures and tables it
is also observed that the cross-sectional area for the years
1969-70 and 1990-91 were almost same. The total width of the
section for the year 1990-91 was however greater than the total

width for the year 1969-70.

From figures 5.69.a to 5.69.h, it is observed that the
channel section at station J-17 (Ch. 25.00 km) had two or three

relatively wide and deep channels in the years 1969-70, 1977-78,
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1981-82 and 1990-91. In other years the channel section had one
or two relatively deeper but narrower chanels along with a
number of relatively wide and shallow channels. It 1is also
observed that the channel section configuration changes very fast
from one year to another due to rapid changes in the channel and
char pattern as a result of active erosion and deposition
activity. On the whole it may be stated that the channel section
is very unstable so far as position of channels, deeper or

shallower, and location of chars.

Figure 5.86 and table 5.52 show that the total width
increased during the period 1969-70 to 1976-77, then remained
more or less same from the year 1976-77 to 1978-79 and decreased
during the period 1978-79 to 1981-82. The total width then
increased rapidly from 1981-82 to 1988-89, then decreased quite
rapidly from 1988-89 to 1990-91. In a word, it can be stated that
the total width has increased during the period 1969-70 to 1990-

91 but not always at the same rate.

Figure 5.86 and table 5.52 also show the effective width has
increased rapidly during the period 1969-70 to 1977-78, then
decreased from the year 1977-78 to 1981-82, then again increased
rapidly during the period 1981-82 to 1986-87 and again decreased
from the year 1986-87 to 1990-91. Variation of total width and
effective width as shown in figure 5.86 shows that effective
width changes much more rapidly than the total width. This is
because of the fact that changes in total width 1is due to

erosion or deposition along the bankline only. But the changes in
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effective width is also due to erosion and deposition of chars

which changes their width quite rapidly.

It is also to be noted that during all the time when total
width were increased the effectie width also increased. But
during period 1986-87 to 1988-89 the total width increased very

fast but the effective width decreased during that period.

Figure 5.103 and table 5.52 show the movement of right bank
towards right or 1left and left bank towards left or right at
station J-17 (Ch.25.00 km) for different years. From the same
figure and table, it is observed that the right bank remained
almost in the same position during the period 1969-70 to 1977-
78,then moved towards Tleft from 1977-78 to 1981-82, then moved
towards right from 1981-82 to 1986-87 and again moved towards

right from 1986-87 to 1990-91.

Figure 5.103 and table 5.52 also show that the left bank has
moved towards left during the period 1969-70 to 1976-77 and
remained more or less in the same position during the period
1976-77 to 1978-89, then moved towards right in the year 1981-82
and then moved towards left during the period 1981-82 to 1988-89
and then again moved to the right in 1990-91. Considering the
total period from 1969-70 to 1990-91 it 1is also observed that

the right bank moved towards left by 852.06 m and the Tleft bank

moved towards left by 2250.00 m.




Figures 5.53.a to 5.53.b and tables 5.36.1 to 5.36.8 show

how the cross-sectional area upto 22.49 m elevation of the
section J-16 (Ch. 37.10 km) for different years vary across the
width from right to left bank. The cross-sectional area in the
years 1978-79 and 1988-89 were more or Jless same but less than
the cross-sectional area for all other years and the cross-
sectional area for the years 1969-70 to 1977-78, 1981-82 and
1990-91 were more or less same except the cross-sectional area
for the year 1986-87 when the cross-sectional area was more than
all other years. From the same figures and tables it is observed
that the cross-sectional area for the years 1969-70 and 1990-91
were almost same. The total width of the section for the year
1990-91 was however greater than the total width for the year

1969-70.

From figures 5.70.a to 5.70.h it 1is observed that the
channel section at station J-16 (Ch. 37.10 km) had three or four
relatively narrower and deeper channels in the years 1969-70 to
1981-82. In other years the channel section had one or two
relatively wide and deep channels with a number of relatively
narrow and shallow channels along with a number of char in
between. The causes of changes in channel and char pattern are

same as explained at station J-17(Ch. 25.00 km).

Figure 5.87 and table 5.53 show that the total width
increased during the period 1969-70 to 1977-78, then remained

more or less same during the period 1976-77 to 1988-89 and

increased rapidly from the period 1988-89 to 1990-91. Considering




the entire period from 1969-70 to 1990-91 it is found that the
total width has increased during the period 1969-70 to 1990-91
but not always the same rate. It is to be noted that the
effective width was minimum in the years 1978-79 and 1988-89 and

cross—-sectional area was also minimum.

Figure 5.87 and table 5.53 also show that the effective
width has increased during the period 1969-70 to 1976-77, then
decreased from the year 1976-77 to 1978-79, then again increased
during the period 1978-79 to 1981-82, then again decreased from
the year 1981-82 to 1988-89 and then again increased during the
period 1988-89 to 1990-91. Variation of total width and effective
width as shown in figure 5.87 shows that effective width changed
much more rapidly than the total width. This is because of the
fact that changes in total width is due to erosion or deposition
along the bankline only. But the changes in effective width is
mainly because of erosion and deposition of chars which changes

their width quite rapidly due to erosion and deposition.

Figure 5.104 and table 5.53 show the movement of right bank
towards right or 1left and left bank towards 1left or right at
station J-16 (Ch. 37.10 km) for different years. From the same
figure and table it 1is observed that the right bank has moved
towards left from 1969-70 to 1976-77 but remained almost in the
same position from 1976-77 to 1977-78, then moved towards right
in the year 1978-79, then again moved towards left from 1978-79

to 1981-82 and again moved towards right from 1981-82 to 1990-91.
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Figure 5.104 and table 5.53 also show that left bank has
moved towards left from 1969-70 to 1976-77 and remained almost
in the same position from 1976-77 to 1977-78, then moved towards
right from 1977-78 to 1978-79, then moved towards left from 1978-
79 to 1981-82 and remained more or less in the same position from
1981-82 to 1986-87, then again moved towards right from 1986-87
to 1988-89 and also again moved towards left from 1988-89 to
1990-91. Considering the total period from 1969-70 to 1990-91, it
is observed that the right bank moved towards right by 600.00 m

and left bank moved towards Tleft by 1503.00 m.

Figures 5.54.a to 5.54.b and tables 5.37.1 to 5.37.8 show
how the cross-sectional area upto 21.15 m elevation of the
section J-15 (Ch. 55.65 km) for different years vary across the
width from right to the left bank. The cross-sectional area for
the year 1969-70 was less than the cross-sectional area for all
other years and the cross-sectional area for the years 1977-78
to 1988-89 were more or less same except the cross-sectional
area for thé years 1976-77 and 1990-91. The cross-sectional area
for the years 1976-77 and 1990-91 were more or Jless same and
more than the cross-sectional area for all other years. From the
same figures and tables it is observed that the cross-sectional
area for the year 1969-70 was less than the cross-sectional area
for the year 1990-91. The total width of the section for the year

1990-91 was greater than the total width for the year 1969-70.
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From figures 5.71.a to 5.71.h it 1is observed that the
channel section at station J-15 (Ch. 55.65 km) had two or three
relatively wide and deep channels in the years 1969-70 to 1986-
87. In other years the channel section had one or two relatively
deep but narrow channels with a number of relatively wide and
shallow channels along with a number of chars in between. The
causes of changes in channel and char pattern are same as

mentioned before.

Figure 5.88 and table 5.54 show that the total width
increased during the period 1969-70 to 1976-77, but remained
almost same from the year 1976-77 to 1977-78. The total width
however increased from 1977-78 to 1981-82, then remained more or
less same during the period 1981-82 to 1986-87 and increased from
the year 1986-87 to 1990-91. Considering the entire period from
1969-70 to 1990-91 it is found that the total width has increased

during the mentioned but not always at the same rate.

Figure 5.88 and table 5.54 also show that the effective
width has increased during the period 1969-70 to 1978-79, then
decreased from the year 1978-79 to 1981-82, then again increased
from 1981-82 to 1986-87, then remained more or less same during
the period 1986-87 to 1988-89 and again increased from the year
1988-89 to 1990-91. Variation of total width and effective width
as shown in figure 5.88 shows that effective width changes much
more rapdily than the total width. The cause of changes in total

width and effective width is same as mentioned at station J-17

(Ch. 25.00 km).




Figure 5.105 and table 5.54 show the movement of right bank
towards right or Tleft and left bank towards left or right at
station J-15 (Ch. 55.65 km) for different years. From the same
figure and table it is observed that the right bank has remained
more or less in the same position from 1969-70 to 1986-87, then
moved towards right from 1986-87 to 1990-91. Figure 5.105 and
table 5.54 also show that the 1left bank has moved towards Teft
from 1969-70 to 1976-77 and remained more or less in the same
position from 1976-77 to 1978-79, then again moved towards left
from 1978-79 to 1981-82 and remained more or Jless in the same
position from 1981-82 to 1986-87 and again moved towards left
from 1986-87 to 1990-91. Considering the total period from 1969-
70 to 1990-91 it is observed that the right bank moved towards
right by 587.00 m and the left bank moved towards left by 41.00 m

during that period.

Figures 5.55.a to 5.55.b and tables 5.38.1 to 5.38.8 show
how the cross-sectional area upto 19.84 m elevation of the
section J-14(Ch.71.20 km) for different years vary across the
width from right to left bank. THe cross—-sectional area for the
year 1977-78 was less than the cross-sectional area for all
other years. The cross-sectional area for the year 1976-77 and
1981-82 to 1986-87 were more or Jless same; the cross-sectional
area for the years 1978-79 and 1988-89 were more or less same and
the cross-sectional area for the years 1969-70 and 1990-91 were
more or less same when the cross-sectional area were more than

all other years.
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From figures 5.72.a to 5.72.h it is observed that the
channel section had one, two, three or four relatively deep but
narrow channels along with a number of relatively wide and
shallow channels with a number of chars in between.The causes of
changes in channel and char pattern are same as mentioned

previously (section J-17).

Figure 5.89 and table 5.55 show that the total width has
decreased during the period 1969-70 to 1976-77, then remained
more or less same from 1976-77 to 1981-82. The total width
however decreased from 1981-82 to 1986-87 and remained almost
same from 1986-87 to 1988-89 and again decreased from 1988-89 to
1990-91. In a word, it can be stated that the total width has

remained more or less same during the period 1969-70 to 1990-91.

Figure 5.89 and table 5.55 also show that the effective
width has decreased rapidly during the period 1969-70 to 1977-78,
then increased from the year 1977-78 to 1978-79, then again
decreased from 1978-79 to 1981-82, then again increased during
the period 1981-82 to 1986-87,then again decreased rapidly from
1986-87 to 1988-89 and also again increased quite rapidly during
the period 1988-89 to 1990-91. Variation of total width and
effective width as shown in figure 5.89 shows that effective
width changes much more rapidly than the total width. The cause
of changes in total width and effective width is same as

mentioned at station J-17 (Ch. 25.00 km).
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Figure 5.106 and table 5.55 show the movement of right bank
towards right or 1left and left bank towards left or right at
station J-14 (Ch. 71.20 km) for different years. From the same
figure and table it is observed that the right bank has moved
towards left from 169-70 to 1976-77, then remained almost in the-
same position from 1976-77 to 1986-87 m, then moved towards left
in the year 1988-89 and then moved towards right from 1988-89 to
1990-91. Figure 5.106 and table 5.55 also show that the 1left
bank has moved towards right from 1969-70 to 1976-77, then
remained more or iess in the same position from 1976-77 to 1981-
82, then moved towards 1left from 1981-82 to 1988-89 and again
moved towards right from 1988-89 to 1990-91. Considering the
total period from 1969-70 to 1990-91 it is observed that the
right bank moved towards left by 291.00 m and the left bank moved

towards left by 120.00 m during that period.

Figures 5.56.a to 5.56.b and tables 5.39.1 to 5.39.8 show
how the cross-sectional area upto 18.50 m elevation of the
section J-13 (Ch. 84.70 km) for different years vary across the
width from Jleft to right bank. The cross-sectional area for the
years 1981-82 and 1988-89 were more or less same but less than
the cross-sectional area for all other years and the cross-
sectional area for the years 1969-70 and 1988-89 were more or
less same. The cross-sectional area for the years 1976-77 to
1978-79 were more or less same but greater than the cross-
sectional area for all other years. From the same figures and

tables it is observed that the cross—-sectional area for the

year 1969-70 was 1less than the cross-sectional area for the




year 1990-91. The total width of the section for the year 1990-

91 was more than the total width for the year 1969-70.

From figures 5.73.a to 5.73.h, it is observed that the
channel section at station J-13 (Ch. 84.70 km) had three or four
relatively wide and shallow channels in the years 1969-70 to
1981-82. In other years the channel section had one relatively
deep but narrow channels along with a number of relatively wide
and shallow channels with a number of chars in between. The
causes of changes in channel and char pattern are same as

expected previously (J-17,Ch. 25.00 km).

Figure 5.90 and table 5.56 show that the total width
increased during the period 1969-70 to 1990-91 but not always at
the same rate. Figure 5.90 and table 5.56 also show that the
effective width has decreased during the period 1969-70 to 1976-
77, then increased from 1976-77 to 1978-79, then again decreased
rapidly from the year 1978-79 to 1988-89, and also again
increased quite rapidly during the period 1988-89 to 1990-91.
Variation of total width and effective width as shown in figure
5.90 shows that effective width changes much more rapidly than
the total width. The cause of changes in total width and
effective is same as mentioned at station J-17 (Ch. 25.00 km). It

is to be noted that the effective width was minimum in the year

1988-89.




Figure 5.107 and table 5.56 show the movement of left bank
towards 1left or right and right bank towards right or Tleft at
station J-13 (Ch. 84.70 km) for different years. From the same
figure and table it 1is observed that the 1left bank has moved
towards left from 1969-70 to 1990-91 and the right bank moved
towards right from 1969-70 to 1976-77 and remained more or Jless
in the same position from 1976-77 to 1990-91. Conisdering the
Vtota1 period from 1969-70 to 1990-91, it 1is observed that the
left bank moved towards left by 1450.00 m and the right bank

moved towards right by 663.00 m during that period.

Figures 5.57.a to 5.57.b and tables 5.40.1 to 5.40.7 show
how the cross-sectional area upto 17.37 m elevation of the
section J-12 (Ch. 100.50 km) for different years vary across the
width from Teft to right bank. The cross-sectional area for the
year 1969-70 was less than the cross-sectional area for all
other years and the cross-sectional area for the years 1986-87
and 1988-89 were more or less same. The cross-sectional area for
the years 1978-79 and 1990-91 were more or less same when the
cross-sectional area was more than all other years. From the
same figures and tables it 1is observed that the cross-sectional
area for the year 1969-70 was Jless than the cross—-sectional
area for the year 1990-91. The total width of the section for the

year 1990-91 was more than the total width for the year 1969-70.

From figures 5.74.a to 5.74.g, it is observed that the
channel section at station J-12 (Ch. 100.50 km) had three or four

relatively deep but narrow channels in the year 1977-78 to 1978-
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79 and 1988-89. In other years the channel section had one or two
relatively wide and deep channels along with a number of
relatively narrow and shallow channels with a number of chars in
between. The causes of changes in channel and char pattern are as

mentioned before.

Figure 5.91 and table 5.57 show that the total width
increased rapidly during the period 1969-70 to 1977-78, then
decreased rapidly from the year 1977-78 to 1981-82. The total
width however remained almost same from 1981-82 to 1986-87, then
increased from 1986-87 to 1988-89 and decreased from 1988-89 to
1990-91.It can be stated that the total width has increased
during the period 1969-70 to 1990-91 but not always at the same

rate.

Figure 5.91 and table 5.57 also show that the effective
width has increased rapidly during the period 1969-70 to 1978-79,
then decreased rapidly from the year 1978-79 to 1986-87, then
again increased quite rapidly from 1986-87 to 1988-89 and again
decreased during the period 1988-89 to 1990-91. Variation of
total width and effetive width as shown in figure 5.91 shows that
effective width changes much more rapidly than the total width.
The causes of changes in total width and effective width are same

as mentioned at station J-17 (Ch. 25.00 km). It may be mentioned

here that the effective width was minimum in the year 1986-87.




Figure 5.108 and table 5.57 show the movement of left bank
towards left or right and right bank towards right or 1left at
station J-12 (Ch. 100.50 km) for different years. From the same
figure and table it 1is observed that the left bank has moved
towards left from 1969-70 to 1977-78, then moved towards right
from 1977-78 to 1981-82, and then remained almost in the same
position from 1981-82 to 1990-91. Figure 5.108 and table 5.57
also show that the right bank has moved toward right from 1969-
70 to 1977-78, then remained almost in the same position from
1977-78 to 1978-79, then moved towards left from 1978-79 to 1981-
82 and remained in the same position from 1981-82 to 1986-87,
then moved towards right from 1986-87 to 1988-89 and again moved
towards left from 1988-89 to 1990-91. Considering the total
period from 1969-70 to 1990-91, it is observed that the left bank
moved towards right by 298.00 m and the right bank moved towards

right by 2260.00 m during the period.

Figures 5.58.a to 5.58.b and tables 5.41.1 to 5.41.8 show
how the cross-sectional area upto 16.25 m elevation of the
section J-11 (Ch. 117.75 km) for different years vary across the
width from left to right bank. The cross-sectional area for the
years 1969-70 and 1976-77 were more or less same but less than
the cross-sectional area for all other years. The cross—-sectional
area for the years 1977-78 to 1978-79 were more or less same, the
cross-sectional area for the years 1981-82 to 1988-89 were more
or less same except the cross-sectional area for the year 1990-91

when the cross-sectional area was more than all other years.

From the same figures and table it-is observed that the cross-




sectional area for the year 1969-70 was less than the cross-
sectional area for the year 1990-91. The total width of the
section for the year 1990-91 was greater than the total width for

the year 1969-70.

From figures 5.75.a to 5.75.h it 1is observed that 1in the
years 1969-70 to 1990-91 the channel section at station J-11(Ch.
117.75 km) had two or three relatively wide and deep channels
along with a number of shallow but narrow channels with a number
of chars 1in between. The causes of changes in channel and char

pattern are same explained before.

Figure 5.92 and table 5.58 show that the total width has
decreased during the period 1969-70 to 1976-77, then increased
from the year 1976-77 to 1978-79. The total width however
decreased from the year 1978-79 to 1981-82, then 1increased
during the period 1981-82 to 1990-91. In a word, it can be stated
that the total width has increased during the period 1969-70 to

1990-91 but not always at the same rate.

Figure 5.92 and table 5.58 also show that the effective
width has decreased during the period 1969-70 to 1876-77, then
increased from the year 1976-77 to 1990-91. Variation of total
width and effective width as shown in figure 5.92 shows that
effective width cpanges much more rapidly than the total width.
The causes of changes in total width and effective width 1is same

as mentioned before.
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Figure 5.109 and table 5.58 show the movement of left bank
towards left or right and right bank towards right or left at
station J-11 (Ch. 117.76 km) for different years. From the same
figure and table, it is observed that the Tleft bank has moved
towards right from 1969-70 to 1976-77, then moved towards Tleft
from 1976-77 to 1978-79, then again moved towards right from
1978-79 to 1981-82 and again moved towards left from 1981-82 to
1990-91. Figure 5.109 and table 5.58 also show that the right
bank has remained more or less in the same position from 1969-70
to 1986-87, then moved towards right from 1986-87 to 1990-91.
Considering the total period from 1969-70 to 1990-91 it 1is
observed that the left bank moved towards left by 93.00 m and
the right bank moved towards right by 1774 m during that period.

Figures 5.59.a to 5.59.b and tables 5.42.1 to 5.42.8 show
how the cross-sectional area upto 15.12 m elevation of the
section J-10 (Ch.134.30 km) for different years vary across the
width from left to right bank. The cross-sectional area for the
years 1986-87 and 1988-89 were more or less same but less than
the cross-sectional area for all other years; the cross-sectional
area for the year 1969-70 was more than the cross-sectional area
for the year 1990-91; the cross-sectional area for the years
1978-79 to 1981-82 were more or less same and the cross-sectional
area for the years 1976-77 to 1977-78 were more or less same when
the cross-sectional area were more than all other years. From the
same figures and tables it is observed that the cross-sectional
area for the year 1969-70 was greater than the cross-sectional
area for the year 1990-91. The total width of the section for the

year 1990-91 was less than the total width for the year 1969-70.
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From figures 5.76.a to 5.76.h it is observed that the
channel section at station J-10 (Ch. 134.30 km) had one or two
relatively wide and deep chanels along with a number of
relatively shallow but narrow channels with a number of chars
in between in the years 1969-70 to 1986-87. In other years thé
channel section had three or four relatively deep but narrow
channels along with a number of relatively wide and shallow
channels with a number of chars in between. The causes of

changes in channel and char pattern are same as mentioned before.

Figure 5.93 and table 5.59 show that the total width has
decreased during the period 1969-70 to 1976-77, then decreased
rapidly from 1976-77 to 1981-82, then increased from 1981-82 to
1986-87. The total width however decreased from 1986-87 to 1988-
89, then increased during the period 1988-83 to 1990-91. It can
be stated that the total width has decreased during the period

1969-70 to 1990-91 but not always at the same rate.

Figure 5.93 and table 5.59 also show that the effective
width has increased during the period 1969-70 to 1976-77, then
decreased rapidly from the year 1976-77 to 1981-82, then
increased again during the period 1981-82 to 1986-87, then again
decreased from the year 1986-87 to 1988-89 and again 1increased
during the period 1988-89 to 1990-91. Variation of total width
and effective width as shown in figure 5.93 shows that there is a
similarity in pattern of variation of total width and effective

width. It is to be mentioned here that the effective width of the

section was minimum in the year 1988-89.




Figure 5.110 and table 5.59 show the movement of left bank
towards left or right and right bank towards right or left at
station J-10 (Ch. 134.30 km) for different years. From the same
figure and table it is observed that the 1left bank has moved
towards right from 1969-70 to 1976-77, then moved towards left
from 1976-77 to 1978-79, then again moved towards right from
1978-79 to 1981-82, then again moved towards left from 1981-82 to
1986-87, then remained almost in the same position from 1986-87
to 1988-89 and also again moved towards right from 1988-89 to
1990-91. Figure 5.110 and table 5.59 also show that the right
bank remained more or less in the same position from 1969-70 to
1976-77, then moved towards left from 1976-77 to 1881-82, then
moved towards right from 1981-82 to 1986-87, then again moved
towards left from 1986-87 to 1988-89 and again moved towards
right from 1988-89 to 1990-91.Considering the total period frdm
1969-70 to 1990-91 it is observed that the 1left bank moved
towards left by 817.00 m and the right bank moved towards left

by 5026.00 m during that period.

Figures 5.60.a to 5.60.b and table 5.43.1 to 5.43.7 show how
the cross-sectional area upto 14.00 m elevation of the section
J-9 (Ch. 142.45 km) for different years vary across the width
from left to right bank. The cross-sectional area for the year
1969-70 was less than the cross—sectjona1 are for all other years
and the cross-sectional area for the years 1976-77 to 1986-87 and
1990-91 were more or Jless same except the cross-sectional area
for the year 1988-89 when the cross-sectional area was more than

From the same figures and tables it is observed

all other years.




that the cross-sectional area for the year 1969-70 was less than
the cross-sectional area for the year 1990-91. The total width of
the section for the year 1990-91 was more than that of the year

1969-70.

From figures 5.77.a to 5.77.g it is observed that the
channel section at station J-9 (Ch. 142.45 km) had one or two
relatively wide and deep channels with two or three relatively
deep but narrow channels in the years 1976-77 to 1981-82. 1In
other years the channel section had one or two relatively wide
and deep channels along with a number of shallow but narrow
channels with a number of chars in between. The causes of
changes in channel and char pattern are same as explained for

station J-17.

Figure 5.94 and table 5.60 show that the total width has
decreased during the period 1969-70 to 1976-77, then increased
from the year 1976-77 to 1977-78. The total width however
decreased from 1977-78 to 1981-82, then increased from 1981-82 to
1990-91. It may be mentioned that the total width has increased
during the period 1969-70 to 1990-91 but not always at the same

rate.

Figure 5.94 and table 5.60 also show that the effective
width has increased rapidly during the period 1969-70 to 1976-77,
then decreased rapidly from the year 1976-77 to 1981-82, then
increased again during the period 1981-82 to 1988-89, and again

decreased from the year 1988-89 to 1990-91. Variation of total
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width and effective width as shown in figure 5.94 shows that
effective width changes much more rapidly than the total width.
The causes of changes in total width and effective width is same
as mentioned at station J-17 (Ch. 25.00 km). It may be noted

that the effective width was minimum in the year 1969-70.

Figure 5.111 and table 5.60 show the movement of left bank
towards left or right and right bank towards right or left at
station J-9 (Ch. 142.45 km) for different years. From the same
figure and table it s observed that the 1left bank has moved
towards right from 1969-70 to 1977-78, then moved towards Tleft
from 1977-78 to 1981-82, then again moved towards right from
1981-82 to 1986-87, then again moved towards left from 1986-87 to
1988-89 and remained almost in the same position from 1988-89 to
1990-91. Figure 5.111 and table 5.60 also show that the right
bank has moved towards left from 1969-70 to 1976-77, then moved
towards right from 1976-77 to 1977-78 and then again moved
towards right from 1977-78 to 1990-91. Considering the total
period from 1969-70 to 1990-91 it is observed that the left bank
moved toward right by 414.00 m and the right bank moved towardd

right by 890.00 m during that period.

Figures 5.61.a to 5.61.b and tables 5.44.1 to 5.44.8 show
how the cross-sectional area upto 13.23 m elevation of the
section J-8 (Ch. 149.50 km) for different years vary across the
width from right bank to left bank. The cross-sectional area for

the year 1969-70 was less than the cross-sectional area for all

other years and the cross-sectional area for the years 1976-77




and 1978-79 to 1988-89 were more or Jless same except the cross-
sectional area for the years 1977-78 and 1990-91. The cross-
sectional area for the years 1977-78 and 1990-91 were more or
less same and more than the cross-sectional area for all other
years. From the same figures and tables, it is observed that the
cross—-sectional area for the year 1969-70 was less than the
cross-sectional area for the year 1990-91. The total width of the
section for the year 1990-91 was more than that of the year 1969-

70.

From figures 5.78.a to 5.78.h it is observed that the
channel section at station J-8 (Ch. 149.50 km) had two relatively
wide and deep channels with a big char in between in the years
1976-77 to 1981-82 . In other years the channel section had one
or two relatively wide and deep channels along with a number of
relatively shallow but narrow channels with a number of chars in
between. The causes of changes in channel and char pattern are

same as mentioned previously at station J-17.

Figure 5.95 and table 5.61 show that the total width has
increased during the period 1969-70 to 1977-78, then decreased
from the year 1977-78 to 1978-79. The total width however
remained more or Jless same from 1978-79 to 1981-82, then
increased from 1981-82 to 1986-87, then decreased from 1986-87 to
1988-89 and again increased rapidly from 1988-89 to 1990-91. In a
word, it can be stated that the total width has increased during

the period 1969-70 to 1990-91 but not always at the same rate.
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Figure 5.95 and table 5.61 also show that the effective

width has 1increased during the period 1969-70 to 1977-78, then
decreased from the year 1977-78 to 1978-79, then again increased
from the period 1978-79 to 1986-87, then again decreased during
the period 1986-87 to 1988-89, and again increased from the year
1988-89 to 1990-91. Variation of total width and effetive width
as shown 1in figure 5.95 shows that effective width changes much
more rapidly than the total width. The causes of changes in total
width and effective width are same as mentioned at station J-17

(Ch. 25.00 km).

Figure 5.112 and table 5.61 show the movement of right bank
towards right for left and left bank towards left or right. From
the same figure and table it is observed that the right bank has
moved towards right from 1969-70 to 1977-78, then remained more
or less in the same position from 1977-78 to 1981-82, then again
moved towards right from 1981-82 to 1986-87, then moved towards
left from 1986-87 to 1988-89 and then again moved towards right
from 1988-89 to 1990-91. Figure 5.112 and table 5.61 also show
that the left bank has moved towrds right from 1969-70 to 1976-77
then moved towérds left from 1976-77 to 1977-78, then again moved
towards right from 1977-78 to 1981-82, then again moved towards
left from 1981-82 to 1986-87, then again moved towards right from
1986-87 to 1988-89 and again moved towards left from 1988-89 to
1990-91. Considering the total period from 1969-70 to 1990-91, it
is observed that the right bank moved towards right by 2528.00 m

and the 1left bank moved towards Jleft by 1822,00 m during that

period.




Figures 5.62.a to 5.62.b and tables 5.45.1 to 5.45.8 show
how the cross-sectional area upto 12.50 m elevation of the
section J-7 (Ch. 162.35 km) for different years vary across the
width from right bank to left bank. The cross-sectional area for
the years 1969-70 to 1977-78, 1986-87 and 1990-91 were more or
less same but Tess than the cross-sectional area for all other
years and the cross-sectional area for the years 1978-79 and
1988-89 were more or Jless same except the cross-sectional area
for the year 1981-82 when the cross-sectional area was more than
all other years. From the same figures and tables, it is observed
that the cross-sectional area for the year 1969-70 was more than
the cross-sectional area for the year 1990-91. The total width
of the section for the year 1990-91 was more than the total width

for the year 1969-70.

From figures 5.79.a to 5.79.h, it 1is observed that the
channel section at station J-7 (Ch. 162.35 km) had one deep but
narrow channel with one wide and deep channel in the year 1981-
82. In other years the channel section had one or two relatively
deep but narrow channels along with a number of relatively wide
and shallow channels with a number of chars in between. The
causes of changes in channel and char pattern are same as

described for station J-17.

Figure 5.96 and table 5.62 show that the total width has

increased rapidy during the period 1969-70 to 1976-77, then

decreased from the year 1976-77 to 1978-79. The total width




however 1increased from 1978-79 to 1981-82, then decreased from

1981-82 to 1986-87 and again increased during the period 1986-87
to 1990-91. It can be stated that the total width has increased
during the period 1969-70 to 1990-91 but not always at the same

rate.

Figure 5.96 and table 5.62 also show that the effective
width has increased rapidly during the period 1969-70 to 1981-82,
then decreased from the year 1981-82 to 1986-87, then again
increased during the period 1986-87 to 1988-89 and again
decreased from the year 1988-89 to 1990-91. Variation of total
width and effective width as shown in figure 5.96 shows that
effective width changes much more rapidly than the total width.
The causes of changes in total width and effective width are same
as mentioned at station J-17 (Ch. 25.00 km). Besides these, the

effective width was minimum in the year 1969-70.

Figure 5.113 and table 5.62 show the movement of right bank
towards right or left and left bank towards left or right at
station J-7 (Ch. 162.35 km) for different years. From the same
figure and table it 1is observed that the right bank has moved
towards right from 1969-70 to 1976-77, then remained in the same
position from 1976-77 to 1977-78, then moved towards Tleft from
1977-78 to 1978-79, then again moved towards right from 1978-79
to 1981-82, then again moved towards left from 1981-82 to 1988-89
and then also moved towards right from 1988-89 to 1990-91. Figure

5.113 and table 5.62 also show that the left bank has moved

towards left from 1969-70 to 1976-77. and remained more or less in




the same position from 1976-77 to 1981-82, then again moved
towards left from 1981-82 to 1986-87 and remained more or less in
the same position from 1986-87 to 1990-91. Considering the total
period from 1969-70 to 1990-91, it 1is observed that the right
bank moved towards right by 813.00 m and the 1left bank moved

towards left by 4807.00 m during that period.

Figures 5.63.a to 5.63.b and tables 5.46.1 to 5.46.8 show
how the cross-sectional area upto 11.70 m elevation of the
section J-6 (Ch. 177.70 km) for different years vary across the
width from left bank to right bank. The cross-sectional area for
the years 1976-77 to 1977-78 and 1988-89 were more or lTess same
but less than the cross-sectional area for all other years and
also the cross-sectional area for the years 1969-70, 1978-79,
1986-87 and 1990-91 were more or less same except the cross-
sectional area for the year 1981-82 when the cross-sectional area
was more than all other years. From the same figures and tables,
it is observed that the cross-sectional area for the years 1969-
70 and 1990-91 were more or less same. The total width of the
section for the year 1990-91 was less than the total width for
the year 1969-70.

From figures 5.80.a to 5.80.h it 1is observed that the
channel section at station J-6 (Ch. 177.70 km) had one
relatively wide and deep channel along with a number of
relatively shallow but narrow channels with a number of chars 1in
between in the years 1969-70 to 1990-91. The causes of changes
in channel and char pattern are same as given at station J-17

(Ch. 25.00 km).
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Figure 5.97 and table 5.63 show that the total width has
decreased during the period 1969-70 to 1977-78, then increased
from the period 1977-78 to 1978-79. The total width however
decreased from 1978-79 to 1981-82, then increased from 1981-82
to 1986-87, then decreased again from 1986-87 to 1988-89 and
again increased from 1988-89 to 1990-91. In summary it can be
stated that the total width has decreased during the period 1969-

70 to 1990-91 but not always at the same rate.

Figure 5.97 and table 5.63 also show that the effective
width has decreased rapidly during the period 1969-70 to 1976-
77, then increased from the year 1976-77 to 1977-78, then again
decreased from 1977-78 to 1978-79, then again increased from
1978-79 to 1981-82, then also again decreased from 1981-82 to
1988-89 and again increased from 1988-89 to 1990-91. Variation of
total width and effective width as shown 1in figure 5.97 shows
that effective width changes much more rapidly than the total
width. This figure also shows that the total width and effective
width were almost same in the year 1981-82. The causes of changes
in total width and effective width are same as mentioned at

station J-17 (Ch. 25.00 km).

Figure 5.114 and table 5.63 show the movement of left bank
towards left or right and right bank towards right or 1left at
station J-6 (Ch. 177.70 km) for different years. From the same
figure, it is observed that the 1left bank has moved towards

right from 1969-70 to 1977-78, then moved towards left from 1977-

78 to 1978-79 and came to the 0 position that was in 1969-70,




then again moved towards right from 1978-79 to 1981-82, then
again moved towards left from 1981-82 to 1986-87 and then also
again moved towards right from 1986-87 to 1990-91. Figure 5.114
and table 5.63 also show that the right bank has moved towards
left from 1969-70 to 1977-78 and remained more or less 1in the
same position from 1977-78 to 1978-79, then again moved towards
left from 1978-79 to 1981-82, then again moved towards right from
1981-82 to 1986-87, then also again moved towards left from 1986-
87 to 1988-89 and also again moved towards right from 1988-89 to
1990-91. Considering the total period from 1969-70 to 1990-91, it
is observed that the left bank has moved towards right by 470.00
m and the right bank moved towards left by 3932.00 m during that

period.

Figures 5.64.a to 5.64.b and tables 5.47.1 to 5.47.8 show
how the cross-sectional area upto 10.94 m elevation of the
section J-5 (Ch. 188.20 km) for different years vary across the
width from 1Jleft bank to right bank. The cross-sectional area for
the year 1969-70 was less than the cross-sectional for all other
years, the cross-sectional area for the years 1981-82 to 1988-89
were more or less same and also the cross-sectional area for the
vears 1976-77 and 1990-91 were more or les same except the cross-
sectional area for the years 1977-78 to 1978-79. The cross-
sectional area for the years 1977-78 to 1978-79 were more or
less same when the cross-sectional area was more than the cross-
sectinal area for all other years. From the same figures and

tables, it is observed that the cross-sectional area for the year

1969-70 was less than the cross-sectional area for the year 1990-




91. The total width of the section for the year 1990-91 was

however less than the total width for the year 1969-70.

From figures 5.81.a to 5.81.h it is observed that the
channel section at station J-5 (Ch. 188.20 km) had one
relatively wide and deep channels along with a number of
relatively shallow but narrow channels with a number of chars in
between 1in the years 1969-70 and 1977-78 to 1981-82. In other
years the channel section had one relatively wide and deep
channel along with one relatively deep but narrow channel with a
number of relatively shallow but narrow channels also with a

number of chars in between.

Figure 5.98 and table 5.64 show that the total width has
decreased during the period 1969-70 to 1976-77, then increased
from the year 1976-77 to 1977-78. The total width however
decreased from 1977-78 to 1981-82, then increased from 1981-82 to
1986-87, then again decreased from 1986-87 to 1988-89 and
remained almost same from 1988-89 to 1990-91. In a word, it can
be stated that the total width has decreased during the period

1969-70 to 1990-91 but not always at the same rate.

Figure 5.98 and table 5.64 also show that the effective
width has decreased rapidly during the period 1969-70 to 1976-77,
then increased from the year 1976-77 to 1981-82, then again
decreased rapidly during the period 1981-82 to 1988-89 and again

increased from the year 1988-89 to 1990-91. Variation of total

width and effective width as shown in figure 5.98 shows that




effective width changes much more rapidly than the total width.
The causes of changes in total width and effective width are same

as mentioned at station J-17 (Ch. 25.00 m).

Figure 5.115 and table 5.64 show the movement of left bank
towards Tleft or right and right bank towards right or 1left at
station J-5 (Ch. 188.20 km) for different years. From the same
figure and table, it is observed that the 1left bank has moved
towards left from 1969-70 to 1976-77 and remained almost in the
same position from 1976-77 to 1978-79, then moved towards right
from 1978-79 to 1981-82, then again moved towards left from 1981-
82 to 1986-87, then again moved towards right from 1986-87 to
1988-89 and again moved towards left from 1988-83 to 1990-91.
Figure 5.115 and table 5.64 also show that the right bank has
moved towards 1left from 1969-70 to 1976-77, then moved towards
right from 1976-77 to 1977-78, then remained more or less in the
same position from 1977-78 to 1988-89 and again moved towards
left from 1988-89 to 1990-91. Considering the total period from
1969-70 to 1990-91 it is observed that the left bank has moved
towards left by 498.00 m and the right bank moved towards left by

2626.00 m during that period.

Figures 5.65.a to 5.65.b and tables 5.48.1 to 5.48.8 schow
how the cross-sectional area upto 10.15 m elevation of the
section J-4 (Ch. 201.30 km) for different years vary across the
width from right bank to left bank. The cross-sectional area for

the years 1976-77 to 1978-79 and 1986-87 to 1988-89 were more or

less same but less than the cross-sectional area for all other




years and the cross-sectional area for the years 1981-82 and
1990-91 were more or Jless same except the cross-sectional area
for the year 1969-70 when the cross-sectional area was more than
all other years. From the same figures and tables it is observed
that the cross-sectional area for the year 1969-70 was more
than the cross-sectional area for the year 1990-91. However, the
total width of the section for the year 1990-91 was less than the

total width for the year 1969-70.

From figures 5.82.a to 5.82.h, it is observed that the
channel section had one relatively wide and deep channel along
with one relatively deep but narrow channel with a char 1in
between in the year 1976-77 to 1981-82 and 1988-89. In other
years the channel section had one relatively wide and deep chanel
along with a number of shallow but narrow channels with a number
of chars in between. The causes of changes 1in channel and char

pattern are same as mentioned before.

Figure 5.99 and table 5.65 show that the total width has
decreased rapidly during the period 1969-70 to 1976-77, then
increased from the year 1976-77 to 1986-87 and again decreased
during the period 1986-87 to 1990-91. It can be stated that the
total width has decreased during the period 1969-70 to 1990-91

but not always in the same rate.
Figure 5.99 and table 5.65 also show that the effective

width has decreased rapidly during the period 1969-70 to 1976-77,

then 1increased from the year 1976-77 to 1977-78, then remained
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more or Jless same from 1977-78 to 1978-79, then again 1increased

from 1978-79 to 1986-87, then again decreased from 1986-87 to
1988-89 and also again increased from 1988-89 to 1990-91.
Variation of total width and effective width as shown in figure
5.99 shows that effective width changes much more rapidly than
the total width. The causes of changes in total width ahd
effective width are same as mentioned at station J-17 (Ch.25.00

km) .

Figure 5.116 and table 5.65 show the movement of right bank
towards right or 1left and left bank towards left or right at
station J-4 (Ch. 210.30 km) for different years. The same figure
and table also show that the right bank has moved towards Tleft
from 1969-70 to 1976-77, then remained in the same position from
1976-77 to 1981-82, then moved towards right and came to the 0
position that was in 1969-70, then again moved towards left from
1986-87 to 1988-89 and remained almost in the same position from
1988-89 to 1990-91. From figure 5.116 and table 5.65 it 1is
observed that the left bank has moved towards right from 1969-70
to 1976-77, then moved towards left from 1976-77 to 1988-89 and
again moved towards right from 1988-89 to 1990-91. Considering
the total period from 1969-70 to 1990-91 it is observed that the
right bank has moved towards right by 513.00 m and the left bank

moved towards right by 8845.00 m during that period.

Figures 5.66.a to 5.66.b and tables 5.49.1 to 5.49.8 show
how the cross-sectional area upto 9.39 m elevation of the section

J-3 (Ch.213.20 km) for different years vary across the width from
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left bank to right bank. The cross-sectional area for the vear
1969-70 was less than the cross-sectional area for all other
vears and the cross-sectional area for the years 1976-77 and
1981-82 to 1986-87 were more or Jles same. Also the cross-
sectional area for the years 1977-78 and 1988-89 to 1990-91 were
more or Jless same when the cross-sectional area was more tHan
all other years. The cross-sectional area for the year 1978-79
was in between the medium and maximum cross-sectional area. From
the same figures and table it is observed that the cross-
sectional area for the year 1969-70 was less than the cross-
sectional area for the year 1990-91. The total width of the
section for the year 1990-91 was more than the total width for

the year 1969-70.

From figures 5.83.a to 5.83.h it is observed that the
channel section at station J-3 (Ch. 213.20 km) had one or two
relatively wide and deep channels in the years 1969-70 to 1976-
77 and 1981-82 to 1988-89. The channel section had two relatively
wide and deep channels along with one deep but narrow channel
with one char in between in the year 1990-91.In other years the
channel section had one wide and deep channel along with two or
three relatively shallow but narrow channels. The causes of
changes in channel and char pattern are same as explained at

section J-17 (Ch. 25.00 km).

Figure 5.100 and table 5.66 show that the total width has

increased during the period 1969-70 to 1978-79 but remained more

or les same from the year 1978-79 to 1986-87. The total width




however increased rapidly during the period 1986-87 to 1988-89
and remained almost same from the year 1988-89 to 1990-91. In a
word, it can be stated that the total width has increased during

the period 1969-70 to 1990-91 but not always at the same rate.

Figure 5.100 and table 5.66 also show that the effective
width has increased during the period 1969-70 to 1977-78, then
decreased from the year 1977-78 to 1986-87, then again increased
rapidly during the period 1986-87 to 1988-89 and again decreased
from the year 1988-89 to 1990-91. variation of total width and
effective width as shown in figure 5.100 shows that effective
width changes much more rapidly than the total width. The causes
of changes in total width and effective width are same as
mentioned at station J-17 (Ch. 25.00 km).

Figure 5.117 and table 5.66 show the movement of left bank
towards left or right and right bank towards right or 1left at
station J-3 (Ch. 213.20 km) for different years. From the same
figure and table, it 1is observed that the left bank has remained
at 0 position from 1969-70 to 1990-91 except the year 1988-89
when the left bank moved towards right by 123.00 m. Figure 5.117
and table 5.66 also show that the right bank has moved towards
right from 1969-70 to 1976-77, then remained more or less in the
same position from 1976-77 to 1986-87, then again moved towards
right from 1986-87 to 1988-89 and remained more or less 1in the
same position from 1988-89 to 1990-91. Considering the total
period from 1969-70 to 1990-91, it is observed that the left bank

remained unchange and the right bank moved towards right by

4855.00 m during that period.




Figure 5.67.a to 5.67.b and tables 5.50.1 to 5.50.8 show
how the cross-sectional area upto 8.66 m elevation of the
section J-2 (Ch. 223.20 km) for different years vary across the
width from left to right bank. The cross—-sectional area for the
years 1969-70 and 1988-89 were more or less same but 1less than
the cross-sectional area for all other years and the cross-
sectional area for the years 1977-78 ,1981-82 to 1986-87 and
1990-91 were moregrless same. The cross-sectional area for the
year 1976-77 was more than the cross-sectional area for all other
years and the cross-sectional area for the year 1978-79 was in
between the medium and maximum cross-sectional area. From the
same figures and tables, it is observed that the cross-sectional
area for the year 1969-70 was less than the cross-sectional area
for the year 1990-91. The total width of the section for the
year 1990-91 was however less than the width for the year 1969-

70.

From figures 5.84.a to 5.84.h it is observed that the
channel section at station J-2 (Ch. 223.20 km) had one or two
relatively wide and deep channel in the years 1969-70 to 1976-
77,1981-82 and 1988-89 to 1990-91. In other years the channel
section had two or three relatively wide and deep channels along
with a number of relatively shallow but narrow channels with a

number of chars in between. The causes of changes in channel and

char pattern are same as mentioned before.




Figure 5.101 and table 5.67 show that the total width has
increased during the period 1969-70 to 1976-77, then decreased
from the year 1976-77 to 1977-78. The total width however
remained almost same from 1977-78 to 1981-82, then decreased
rapidly from 1981-82 to 1988-89 and increased from 1988-89 to
1990-91. Considering the total period from 1969-70 to 1990-91 it
may be stated that the total width has decreased during that

period but not always in the same rate.

Figure 5.101 and table 5.67 also show that the effective
width has remained more or less same during the period 1969-70 to
1976-77, then decreased from the year 1976-77 to 1977-78, then
increased during the period 1977-78 to 1981-82 and remained more
or less same from 1981-82 to 1986-87, then again decreased
rapidly during the period 1986-87 to 1988-89 and also again
decreased during the period 1988-89 to 1990-91. Vvariation of
total width and effective width as shown in figure 5.101 shows
that effective width changes much more rapidly than the total
width. The causes of changes in total width and effective width

are same as mentioned at station J-17 (Ch. 25.00 km).

Figure 5.118 and table 5.67 show the movement of left bank
towards left or right and right bank towrds right or 1left at
station J-2 (Ch. 223.20 km) for different years. From the same
figure and table, it 1is observed that the left bank has
remained almost in the 0 position from 1969-70 to 1988-89 and

then moved towards right in the year 1990-91. Figure 5.118 and

table 5.67 also show that the right bank has moved towrds right




from 1969-70 to 1976-77, then moved towards Tleft from 1976-77 to
1977-78, then remained more or less in the same position from
1977-78 to 1986-87, then again moved towards left from 1986-87 to
1988-89 and again moved towards right from 1988-89 to 1990-91.
Considering the total period from 1969-70 to 1990-91 it 15
observed that the left bank moved towards right by 432.00 m and
the right bank moved towards left by 1850.00 m during that

period.

Figures 5.68.a to 5.68.b and tables 5.51.1 to 5.51.8 show
how the cross-sectional area upto 8.17 m elevation of the
section J-1 (Ch. 230.75 km) for different years vary across the
width from 1left to right bank. The cross-sectional area for the
year 1990-91 was less than the cross-sectional area for all other
years but the cross-sectional area for the years 1969-70 and
1976-77 were more or less same and also the cross-sectional area
for the years 1977-78 to 1986-87 were more or less same except
the cross-sectional area for the year 1988-89 when the cross-
sectional area was more than the cross-sectional area for all
other years. From the same figures and tables, it is observed
that the cross-sectional area for the year 1969-70 was more than
the cross-sectional for the year 1990-91. The total width of the
section for the year 1990-91 however more than the total width

for the year 1969-70.

From figures 5.85.a to 5.85.h, it is observed that the

channel section at station J-1(Ch.230.75 km) had one relatively

very wide and deep channel 1in the'years 1969-70 and 1978-79 to




1990-91. In other years the channel section had two or three
relatively wide and deep channel with one or two chars in
between. It is also observed that the channel section changes
very fast from one year to another due to rapid changes 1in the
channel and char pattern as a result of active erosion and
deposition activity. On the whole it may be stated that the
channel section is very unstable so far as position of channels,

deeper or shallower and location of chars.

Figure 5.102 and table 5.68 show that the total width has
increased during the period 1969-70 to 1981-82, then decreased
from the year 1981-82 to 1986-87. The total width however
increased from 1986-87 to 1988-89, then decreased from 1988-89 to
1990-91. In a word, it can be stated that the total width has
increased during the period 1969-70 to 1990-91 but not always at

the same rate.

Figure 5.102 and table 5.68 also show that the effective
width has increased during the year 1969-70 to 1976-77, then
decreased from the period 1976-77 to 1977-78 and again increased
during the year 1977-78 to 1978-79. The effective width remained
almost same from 1978-79 to 1981-82, then decreased from 1981-82
to 1986-87. then increased from 1986-87 to 1988-89 and again
decreased from 1988-89 to 1990-91. Variation of total width and
effective width as shown in figure 5.102 shows that effective
width changes much more rapidly than the total width. The causes

of changes 1in total width and effective width 1is same as

mentioned at station J-17 (Ch. 25.00 km) .




Figure 5.119 and table 5.68 show the movement of left bank
towards left or right and right bank towards right or left at
station J-1 (Ch. 230.75 km) for different years. From the same
figure and table it is observed that the left bank remained
more or less in the same position from 1969-70 to 1977-78, then
moved towards left from 1977-78 to 1981-82, then moved towards
right from 1981-82 to 1986-87 and remained almost in the same
position from 1986-87 to 1988-89 and again moved towards left
from 1988-89 to 1990-91. Figure 5.119 and table 5.68 also show
that the right bank has moved towards right from 1969-70 to 1976-
77, then remained more or less in the same position from 1976-77
to 1981-82., then moved towards left from 1981-82 to 1986-87, then
again moved towards right from 1986-87 to 1988-89 and again moved
towards left from 1988-89 to 1990-91. Considering the total
period rom 1969-70 to 1990-91, it is observed that the left bank
has moved towards left by 425.00 m and the right bank moved

towards right by 1163.00 m during that period.

From figures 5.86 to 5.102, figures 5.103 to 5.119 and
tables 5.52 to 5.68 which are based on data shown in tables 5.52
to 5.68, it is observed that the total width has increased at
stations J-17 to J-15. J-13 to J-11, J-9 to J-7, J-3 and J-1:
remained more or less same only at station J-14: decreased at
station J-10., J-6 to J-4 and J-2. The total width, effective
width, the movement of 1eft bank towards left or right and the

right bank towards right or left are clearly shown in figure

5.103 to 5.119.




From the above figures and tables it is also observed that
the effective width has increased at stations J-17 to J-15, J=13
to J-11, J-9 to J-7, J-3 and J-1:; and decreased at stations J-14,

J-10, J-6 to J-4 and J-2.

5.4 Velocity vs. Roughness Ccoefficient:

Figures 5.120 to 5.128, figures 5.129 to 5.137 and tables
5.69 to 5.70 show the roughness coefficient with respect to mean
velocity. For calculating roughness coefficient. three different
slopes were considered (1) the upstream slope, (2) the downstream
slope and (3) the average slope. Upstream slope is the slope
between Noonkhawa to Bahadurabad; downstream slope is the slope
between Bahadurabad to Sirajgonj and average slope indicats the
slope of average of upstream and downstream slopes. Data were
analysed on the basis of dry season and wet season. Data for the
period December to mid May were used for dry season flow and data

for September to October were used for wet season flow condition.

In dry season, it is observed that there are two channels
for Fulchari channel such as Fulchari channel and fulchari
channel-1. In wet season there are four channels for Fulchari
channel such as Fulchari channel, Fulchari channel-1, Fulchari
channel-2 and Fulchari channel-3. Because of limitation of data
relating to roughness coefficient has been limited only to

Fulchari channel and Fulchari channel-1 although the roughness

coefficient for other channels have been determined.




It is observed that in dry season there are five channels in
Bahadurabad channel such as Bahadurabad channel-1, Bahadurabad
channel-2, Bahadurabad channel-3. Bahadurabad channel-4 and
Bahadurabad channel-5. In wet season there are six channel 1in
Bahadurabad channel such as Bahadurabad channel-1. Bahadurabad
channel-2. Bahadurabad channel-3, Bahadurabad channel-4,
Bahadurabad channel-5 and Bahadurabad channel-6. Among these,
only the first four channels have been considered for discussion

relating to roughness coefficient.

Data were also analysed for all channels taken together both
for dry and wet seasons. But this method does not properly
reflect the channel roughness. This procedure was followed just

to have some overall idea about n values.

From figure 5.120 and table 5.69 it is observed that for dry
season the roughness coefficient for Fulchari channel are
generally 1in between 0.0337 to 0.0124 when velocities are 1in
between 0.499 to 0.8864 m/sec.

From figure 5.123 and table 5.70, it 1is observed that for
dry season the roughness coefficient for Bahadurabad channel-1
are generally 1in between 0.0269 to 0.0224 when velocities are
0.8371 to 1.3031 m/sec: the roughness coefficient for Bahadurabad
channel-2 are generally in between 0.0337 to 0.0123 when
velocities are in between 0.6970 to 0.9225 m/sec; the roughness
coefficient for Bahadurabad channel-3 are in between 0.02305 to

0.02565 when velocities are in between 0.9823 to 0.9223 m/sec:

and the roughness coefficients for Bhadurabad channel-4 are 1in




between 0.0137 to 0.0103 when velocities are 1in between 0.7039
to 0.7459 m/sec.

From figure 5.126 and table 5.70 it is observed that for dry
season the roughness coefficient for all channels taken together
are generally in between 0.0277 to 0.0225 when velocities are 1in
between 0.6476 to 1.0623 m/sec.

From figure 5.129 and table 5.69 it is observed that for wet
season the roughness coefficient for Fulchari channel are in
between 0.0331 to 0.0257 when velocities are 0.8729 to 1.2801
m/sec.

From figure 5.132 and table 5.70. it is observed that for
wet season the roughness coefficient for Bahadurabad channel-1
are in between 0.037 to 0.022 when velocities are 0.7989 to
1.5596 m/sec: the roughness coefficient for Bahadurabad channel-2
are in between 0.0272 to 0.019 when velocities are 0.8990 to
1.2948 m/sec: the roughness coefficient for Bahadurabad chanel-3
are in between 0.0202 to 0.0284 when velocities are 0.8560 to
1.1033 m/sec: the roughness coefficient for Bahadurabad channel-4
are in between 0.0257 to 0.0202 when velocities are 0.3387 to
0.664 m/sec.

From figure 5.135 and table 5.70 it 1is seen that for wet
season the roughness coefficient for all channels taken together
are generally in between 0.0238 to 0.0236 when velocities are 1in
between 1.1438 to 1.1551 m/sec.

The variation of n value (Roughness coefficient) remains
more or les same for all the three conditions of slopes. For this

reason the downstream and average slope related figures are not

discussed.




Fig. 5.138 shows the changes in cross-sectional area
corresponding to high water level at different stations (J-17 to
J-1 i.e, ch. 25.00 km to 230.75 km) along the river in different
years. The firm 1line and the dash Tine show the trends in
variation of the cross-sectional area along the 1length of the
river for the year 1969-70 and 1990-91 respectively. From Fig.
5.138 and tables 5.1 to 5.17, it is observed that in most of the
years there has not been much changes in cross-sectional area at
stations J-16 and J-7. In all other stations there have been,
however, a large variation in cross-sectional area from time to

time during the period 1969-70 to 1990-91.

If the cross-sectional areas for the years 1969-70 and 1990-91
are compared, it is observed that the cross-sectional area has
remained almost same at stations J-17 and J-16; remained more or
less same at stations J-14, J-10, J-7, J-6 and J-1. There have
been however, a large changes in cross-sectional area in all

other stations.

Fig,5.139 shows the changes in assumed bed level at elevation
corresponding to 6% of total cross-sectional area from channel
bottom for different years and different stations (J-17 to J-1
i.e. Ch. 25.00 km to 230.75 km). The firm 1line 1in this figure
gives some idea about this assumed bed level for the year 1969-70
for all the stations along the river and the dash 1ine gives

similar idea for this bed 1level along the river for the year

1990-91. From figure 5.139 and tables 5.18 to 5.34 it is




observed that only at stations J-17 and J-12, this bed 1level

remained more or less at same elevation in most of the years. In
all other stations, there has been a large variation in this bed
level elevation in different years. It may therefore be stated
that the bed level has remained more or less at same elevation

only for stations J-17 and J-12 over the years.

If the bed level elevations for the years 1969-70 and 1990-91
are compared, it is observed that the bed level has remained
almost same at station J-17; remained more or less same at
stations J-16 and J-12; fell down at stations J-15, J-13, J-11
and J-9; rose up at stations J-14, J-10 and J-8 to J-1. The
maximum lowering (4.33m) and rise up (6.17m) occured at statins
J-11 and J-7 respectively. In general, it may be concluded that
the bed level fell down in the upper reaches (Stations J-17 to J-
9) and rose up in the lower reaches (Stations J-8 to J-1) in the
year 1990-91 with that of the year 1969-70.

Fig. 5.140 shows the changes in total width at high water
level at different stations (J-17 to J-1 i.e. ch.25.00 km to
230.75 km) during different periods along the river. The firm
line and the dash 1ine show the‘variation of total width along
the length of the river for the years 1969-70 and 1990-91
respectively. From the above figure and tables 5.52 to 5.68 it is
observed that there has been changes in total width in all
stations during different periods; such changes 1in total width
have been, however, relatively small only at station J-14 and

relatively large at stations J-15, J-12, J-10, J-8, J-7, J-6, J-

4 and J-3.




when the total width of river sections at various stations

is compared between the year 1969-70 and 1990-91 it observed that
the total width has increased at most of the stations except J-
14, J-10, J-6, J-5, J-4 and J-2 where the total width has
decreased. Here it may be mentioned that the change in total

width at J-14 and J-9 however, has been small.

From the above observations it is clear that from the
consideration of total width at different stations only station
J-14 shows relatively stable condition. Figs. 7.1.e and 7.1.f,
however, show that there have been some shifting of bankline at
station J-14. This indicates that the river section at J-14 is
not stable even though the total width shows relatively Jless

changes.

Fig. 5.141 shows how the effective width at different
stations (J-17 to J-1 i.e ch. 25.00 km to Ch. 230.75 km) changed
during different periods. The firm line and the dash l1ine in the
figure indicates the variation of effective width along the
length of the river for the year 1969-70 and 1990-91
respectively. From the plotted points in the above figure and
tables 5.52 to 5.68 it is observed that the effective width has
remained more or less same at station J-15 during most of the
time over the period 1976-77 to 1990-91. In other stations, there
has been a large variation of effective width during different

periods from 1969-70 to 1990-91.
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From the firm 1line and the dash 1ine in figure 5.141 it is
observed that during the period 1969-70 to 1990-91, there has
been large change in effective width at each station along the
length of the river except J-12 where the effective width has
remained more or less same. From figures 5.140 and 5.141 it 1is
also observed that the changes of effective width is much more
than the changes in total width. This is because of the fact that
an increase or decrease of effective width 1is generally due to
erosion or deposition of chars and bank which changes in total

width is only due to erosion or deposition of bank only.

Figure 5.142 shows the left bank position of river Jamuna at
different stations in different years with respect to the bank
position in those stations in the year 1969-70. The points above
the straight line indicate erosion and the points below the
straight 1line indicate accretion at different stations (J-17 to
J-1 d.e. Ch. 25.00 km to 230.75 km) to the bank 1line position in
the year 1969-70 along the length of the river. From Fig. 5.142
and tables 5.52 to 5.68, it is observed that the left bank
remained almost in the same position at station J-3 only, more or
Jess 1in the same position at stations J-12, J-9, J-6,J-2 and J-1
in most of the years. Stations J-17, J-16, J-15, J-13, J-10, J-7
and J-5 show mostly erosion even though there was accretion time
to time. Stations J-11, J-8 and J-4 show mostly accretion with
time to time some erosion and statién J-14 had both erosion and

accretion but more or less of equal extent from 1969-70 to 1990-91.

160




If we compare the bank positions at different stations for
the year 1969-70 and 1990-91, it 1is observed that there has been
accretion in the range of 200 m to 300 m at stations J-12, J-9,
J-6 and J-2. At station J-4 however the accretion has been

upto about 8845.0 m.

From the same figure it is also observed that there has been
bank erosion within a range of about 100 m to 2250 m along bank-
line at stations J-17, J-16, J-14, J-13, J-11, J-10, J-8, J-5 and
J-1. At stations J-15 and J-7 the erosion was quite severe and
was about 4100.00 m and 4800.00 m respectively. At station J-3

there has been however, neither erosion nor accretion.

Fig. 5.143 shows the right bank position of river Jamuna at
different stations in different years with respect to the bank
position in those stations in the year 1969-70. The points above
the straight 1line indicate accretion and the points below the
straight line indicate erosion at different stations (J-17 to J-1
i.e. Ch. 25.000 km to 230.75 km) with respect to the bank Tine
position in the year 1969-70 along the length of the river. From
figure 5.143 and tables 5.52 to 5.68, it is observed that the
right bank remained more or less in the same position at stations
J-15, J-14, J-13, J-11, J-8, J-6 and J-4 in most of the years.
Stations J-12, J-3 and J-1 show mostly erosion even though there
was accretion time to time; the stations J-17, J-10, J-9, J-5 and
J-2 show mostly accretion with time to time some erosion;

stations J-16 and J-7 show both erosion and accretion but more or

less of equal extent.




If we compare the bank positions at different stations for
the years 1969-70 and 1990-91, it is observed that there has been
accretion in the range of 300 m to 900 m at stations J-17, J-14
and J-4:; accretion in the range of 1800 m to 3900 m at stations
J-6, J-5 and J-2. At station J-10 however the accretion has been
upto a distance 5026.00 m. There has been erosion in the right

bank for other stations varying from 500 m to 2500 m.

Bank erosion and accretion for all stations are also
observed from figures 5.103 to 5.119. These figures show that
bank erosion or accretion does not follow any systematic trend
with time. Such characteristics are expected from a braided river
l1ike Jamuna. This is because the flow velocity and direction not
only depends on discharge and cross-section but also on char
size, shape and its pattern of growth and decay and thus the char
development pattern plays a very important role in bank erosion

and causes bank erosion to occur not following any systematic

pattern.
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Figure 5.1.a Elevation Vs Area, Section J-17 ( Ch. 25.00 Km.)



Vot

Elevation In m

—% 1981-82
- 1988-87
£- 1988-89
=% 1990-91

0 | | 1

20 a0
_ABEA IN M2 ( THOUSAND ) 40

Figure 5.1.b Elevation Vs Area, Section J-17 ( Ch. 25.00 Km.)



S91

28

m

In

Elevation

—— 1868-70
al —+ 1g878-77
—¥- 1877-78
= 1878-78
- 1881-82
o | | |
o 10 20 30

AREA IN M"2 (THOUSAND)

Figure 3.2a Elevation Vs Area , Section J-16 ( Ch. 37.10 Km.)

40




991

25

=
ot
=
=
l:
[
>
[-P]
o
=
4
/
N > 1981-82
-~ 1986-87
-4 1988-89
! X~ 1990-91
0 I | |
0 10 20 30

AREA IN M"2 (THOUSAND)

Figure 5.2.b Elevation Vs Area, Section J-16 ( Ch. 37.10 Km.)

40



Lot

- ' —— 1969-70
= —+ 1976-77
g - 1977-78
é = 1978-79
% 103 -4 1981-82
=

5 B -

0 I | | |

o 10 20 30 i

AREA IN M"2(THOUSAND)

Figure 5.3.a Elevation Vs Area, Section J-15 ( Ch. 55.65 Km.)

50




891

Elevation In m

256

—% 1981-82
-5~ 1986-87
10 ¥
% -4~ 1988-89
2% 1990-91
5
o/
-5 | | [ |
0 10 20 30 40

AREA IN M*2(THOUSAND)

Figure 3.3.b Elevation Vs Area, Section J-15 ( Ch. 55.63 Km.)

50



691

25

=
.
=
e
=
~
>
&
=
—— 1969-70
5 —+ 1978-77
K 1977-78
- 1978-79
—% 1981-82
0 1 l | | |
0 10 20 30 40 50

AREA IN M"2 (THOUSAND)

Figure 3.4.a Elevation Vs Area, Section J-14 ( Ch. 71.20 Km.)

60




oLt

25

Elevation In m

5[ —%<- 1981-82
-5~ 1986-87
4 1988-89
=< 1990-91
B 1 | 1 | [
0 10 20 30 40 50

AREA IN M"2 (THOUSAND)

Figure 5.4B Elevation Vs Area, Section J-14 (C<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>