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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

Charnatua to Aricha for the years 1969-70,1976-77, 1977-78, 1978-

79, 1981-82,1986-87, 1988-89 and 1990-91. The water level,

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-sect iona 1 area, total width and effect ive 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. Simi larly 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 1ess same at

station J-14; increased at stations J-17 to J-15, J-13 to J-11,
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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 in the pattern of variation of total width a,nd

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 conc 1uded that on an ave rage the mean bed 1eve 1 fe 11

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

There has been shifting of right bank towards right at ten

stat ions and towards 1eft at seven stat ions. The 1eft bank has

shifted towards 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

1_1

INTRODUCTION

Genera.l

Bangladesh is 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 its
bed and banks and related geomorphological 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 act ivi ties. When a river channel is modified

locally, the change frequently causes changes in 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
govern3d by some bas-ic forces. Successful river utilization and
water resources deve 1opment requi res an understandi ng of these
forces. It is necessary that river system design be based on
competent knowledge of (1) geologic factors, including soil
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conditions; (2) hydrologic factors, including possible changes in

flow and runoff, and the hydro log i c effects of changes in 1and

use; (3) geomorph i c characteri st i cs of the stream, inc 1ud i ng 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 wi th the history of 1andforms, vegetat ion, 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.

Ev i dence demonstrates

chang i ng pos it ion, shape,

changes has been natural

river development work.

that river channels are continually

dimensions, and pattern. Some of the

and some has been the consequence of

2



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 anc ient times to the present days, rivers have been

playing a dominant role in human activities. For this reason,
rivers have been constantly the subject for study by man. During
monsoon, rive rs car ry huge d ischage and heavy sed iment 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-sect ion both hori zonta 11y and vert ica 11y 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 ch~nges from year to year due to

3



changes in water discharge and sed iment load. Recogn izing such

changes in river characteristics and importance of having better

knowledge about such river characteristics, the present study

with the Jamuna rive r has been taken. The study is 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.

iii) To study the 'n' value variation with stage for the reach

around Bahadurabad.

4



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 is 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 defi ned 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 length.

Chital (1970) divided the channels into

multithread with a transition pattern in between
channels are futher subdivided into meandering,

single and
them. Single
stra ight and



BonK
line

0) Braided b) Straight c) Meandering

a
Ia b

,; f f I

V
c' d d' e

~

c '.

~

Figure. 2.1 Typical river channel patterns (after
Simons 'etaL, 1975).
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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 var ious types of channe 1s was class if ied based on
pattern and type of sediment load with their relative stability
by Schumm and Meyer (after Schumm, 1980). Th is is 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

fo 11ow a sinuous course. Leopold and Wolman (1957) have poi nted
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 channe 1, is usually sinuous (f igure
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 is only
possible for artificial channel.

7
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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
wi th re 1at ive 1y flat slopes are converted to shorter reaches
wi th much steeper slopes. Stra ight reaches can a 1so be man
induced by placing of contraction works such as dikes and
revetment to reduce or contro 1 sinuos ity. As noted, even where
the channe 1 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 rea9h.

9



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
pr inc ipa 11y of pronounced bends, the shape of wh ich 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 loop.

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

10



Section A-A Section c-c

Section 0-0"

Figure. 2.3 Pl~ view ~nd cross section of. meandering stream.(Simons,1977)
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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 located 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 is 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 Wolman (1957) in a

1aboratory fl ume. They concl uded that bra iding is one of many

patterns which can maintain quasiequilibrium among the variables

of discharge, sediment load, and transporting ability. Lane

(1957) concl uded that, genera 11y, the two pri ~ary causes that

many be responsible for the braided condition are: (1)

Overloading, 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

12



of the channel increases in an effort to maintain a graded
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) is an

example of a braided river.

2.3 Variables Affecting River Behaviou.r
Variables affecting alluvial river 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:

13
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(1) stream discharge (2) Sediment load (3) Longitudinal slope (4)
Res istance of banks and bed to movement by f 1owi ng water (5)
Vegetation (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 is normal to list measurable or computable
variables which effectively describe the processes occuring and
then to reduce the list 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 equations of fluid motion may
be simpl ified (on the basis of val id 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

15



bank materials etc. The bed and banks of alluvial channels are

mostly composed of non-co~esive 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 statu~.

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 load. Also,

the geometry of meanders and braids and the characteri st ics 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 line) in their approximate locations. The

main channel of the Jamuna river in August 1970 is 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 ECl (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 left bank channel (section C-C) in

August 1970. Also, it is estimated that 75% of the total flow

crossed section 0-0.
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v isua 1 observat ion ind icate that most of the flow passed
through the sharp bend on the 1eft 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 deve 1opment of the eros ion problem at
Seraj gonj duri ng recent years is the bend on the 1eft 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 left bank bend has
migrated downstream for enough to redevelop the left bank channel
or until a large flood redistributes the islands and bars along
th is reach of the river. There is on 1y mi nor 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 is
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

18



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 ) :

V, 0, s,.f ,ft, g, d, 6, Ps' sp' sR' sc' fS' CT.

where,

V = Velocity

o = depth

S = Slope

j? = density of water-sediment mixturte

Ii = apparent dyanmic viscosity of the water sediment mixture

g = aceleration due to gravity

d = grain size of the bed materials

6= measure of size distribution of bed materials

/? = density of sediment

Sp = shape factor of the particles

SR = shape factor of the reach of stream

Sc = shape factor of the cross-section of the stream

fs = seepage force in the bed of the streams

CT = concentration of the bed material discharge.
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The role of the variables on resistance and bed form have been
discussed by Simons and Richardsen (1962). Thei r 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 1ink 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 a1. 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 is

associated with flow deceleration and sediment deposition and,
once deposition has been initiated, ~he sediment accumulation is
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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 likely to
lead 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-morphological
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), load
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
Yamamoto (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
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the toe of the bank protection is an important morphological
prob 1em. The des ign bed 1eve 1 is governed by four more or 1ess
independent morphological processes (i) Over all degradation of
the rive is possible (i i) Seasonal degradation may be present
(iii) constriction scour may be induced (iv) Local scour may.be
induced by groynes.

I~ recent years several studies on morphological changes of
major rivers in Bang 1adesh have been made. Dad (1977) ana 1ysed
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
aggradat ion. Hi stori ca 1 maps for bank 1ines 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).

Bar i (1978) has ana 1ysed the sed iment .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)
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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 direct ion of movement, format ion and movement of
sandbars and mid-channel Islands on .its bed for the river Padma
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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 ah average rate of shifting. Habibullah (1985)
analysed the cross-sections of Jamuna and determined the bed
level variation between the years 1965-66 to 1983-84 for the
reach Aricha to Charnatua. He found that there is a trend of bed
1eve 1 ri se in the upper reach and fa 11 in the lower reach. The
highest rise and fall occurred at stations J-12 and J-10
respect ive 1y. Hossa in (1991) reana 1ysed the bed 1eve 1 vari at ion

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 O. 14 m tons respect ive 1y. The total sed iment flow for
the year 1982 is found to be 244 million tons per year. Halder

(1989) analysed on changes in river. section characteristics of
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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 local 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 respect ive 1y. The
China Bangladesh Joint expert team (CBJET, 1991) studied the
behavi our of the confl uence 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 islands in 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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River Period Consultancy Report
1967 Surveys of Inland waterways and ports,

NEDECO.
Brahmaputra
River/Jamuna
River

1968-1970

1975

1974-1976

1986,1987
1990

1991

1993

1992

1993

East-West Interconnector Project, Acres
International
Jamuna (Brahmaputra) river crossing,
Northwest Hydraulic consultants
Feasibility study Jamuna Bridge, JICA

Jamuna Bridge Study, Phase I and II
RPT, NEDECO
Flood control and river training project
on the Brahmaputra river, China-Bangladesh
Joint expert team.
FAP1, Brahmaputra river training
studies, DHI
FAP 3.1, Charland study, Sogreah, Halcrow,
Lahmeyer
FAP 21/22, Bank protection and River
training project, RRI, CNR, DELFT
Lackner & Partner.
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CHAPTER 3

RIVER BRAHMAPUTRA-JAMUNA
AND ITS CHARACTERISTICS

3.1 GENERAL
The Brahmaputra-Jamuna is one of the 1argest 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. Its 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 wi th the Dihang and Luhi t

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 enteri ng Bangl adesh 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 Old 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-

on 1y exceeded by the Amazon and Congo, flows southward wi th 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 in the

Himalaya to the Bay of Bengal is about 2900 km (1800 mi les). The

length of the alluvial reach between the India-Chinese border and

the confluence with the Ganges river is 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 Goalundo is 2575 km (1600 mi les).
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The total drainage area down to Aricha is 5,80,455 sq.km (2,24,000
sq.miles) of which 2,92,819 sq.km (1,13,000 sq.miles) area is in
Tibet, 2,40,992 sq.km (93,000 sq.miles) in India and only 46,644
sq.km (18,000 sq.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, on 1y 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 maximum
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) in 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 31,00,000 m /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 is about 6 cm per km. The
bed material of the river is fine sand, with 050 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 left-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 1imited information and data are avai lable for these

two rivers.

There are two major left-bank distributaries of the

Brahmaputra-Jamuna River, they are the abandoned course of the

Brahmaputra Ri ver (now known as 01d Brahmaputra Ri ver) 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, its hydrological regime is

more 1ike flashy than perenn i a 1. The annua 1 average discharge of

the river appears to be showing a decreasing trend, from being

about soom3/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
sate 11 ite imager ies revea 1ed that the offtake was nearl y 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. In
the mean time, however, an interesting development occurred which
is the capture of the Jinjiram River as its tributary.

At present the Dhaleswari River off takes 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 in

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 channe 1 correspond i ng to the moderate and low 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 in 1944. Since

then, the wi dth of the ri ver vari es in the range of 9-10 km. It

means that upto 1944, the developed width of the river is in line

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 ri ver in 1944-1988 had the wi der channe 1 in

upstream reach and the narrower channe 1 in 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 channe 1 width was stab 1e 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).

37



16

14

(..\ ,
I ' I\
I \ I \
I \' \I 'i,

'Lower L ilie \ 1,~-19.~
(

,\,\

Figure~3.5 Changes of Char.nel Wieth alor.g the
Brahmaputra River (1830 10 1988) CC;BJET; 1991)

38



Around Sirajgonj, the width of the river varies from 3 km to
18 km. Max imum channe 1 depth is 40 m and mean channe 1 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
ma in channe 1s and three isl ands are together 11 km in 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 sed iment car ried 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
deve 1opment and 1atter, for examp 1e, the channe 1 deformat ion in
monsoon season or in a flood indicates the range and rate of
channe 1 degradat ion and agg radat ion of the river. Somet imes the
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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 long itud ina 1 deg radat ion and agg radat ion.
of channe 1, i.e. the method of sed iment 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 lower
stations for the same period. The method of water level is used to
study the tendency of channel degradation and aggradation for long
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-sect ion, the measured cross-sect ions are
directly used to calculate the amount of degradation or
aggradat ion wi thi n the measuri ng durat ion. 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.

+0.2024
-0.0948
+0.1076

Period :Total (109m3):Main channel
•__________ 1 ------------

1965-66 to 1980-81: -0.2780 -0.4804
1980-81 to 1988-89: +0.5020 +0.5968
1965-66 to 1988-89: +0.2240 +0.1164

I

---------_._------

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

(109m3):Char(109m3)
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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 cm. Therefore, the Brahmaputra River is 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 channe 1 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, in 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 de pas ition 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 1arge success ive depos ition

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

affected by the various conditions in the upper reach. The
literatures illustrated that the great Assam earthquake occurred
in 1950 in 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 in the upper Brahmaputra river was
transported along the river course downstream to Bangladesh. After
1957, the depos it ion 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 109m
3
,

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 1arge

channel, and during low flow the channel

multi-thread braided
sh ifts back and forth

between the ma in stream banks, wh ich are often 6.50-13 km (4-8

miles) apart. The short term channel migration of the river is
quite 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 low
hyd rau 1ic eff iciency and a heavy sed iment load. The channe 1s of
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the rive r have a wide and sha 11ow bed chocked with sand bars.
Water flows in a number of branching and reuniting channels, with
one or two often servi ng as maj or channe 1s. The mi d channe 1
islands and sand banks shift rapidly with the ever-changing flow
regimes, and in cosequence 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 mi grated westward by bank eros ion wi th 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 is 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 0
to 500 m with a maximum of some 1000 m/year. And they mostly occur

perpendicular to the primary flow direction (in the east-west

direct ion) .
The rapidity of channel migration is further shown in figure

3.8. The mi g rat ion and deve 1opment of a deep-water second order
channel near Bahadurabad obtained ~y bathymetric survey are shown
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Fi~e 3.8 Development of a ch~nnel in the Jamuna River near Bahadurabad based
on bathy.metric 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
\1orks Datum which is commonly used in Bangladesh. The Standard High Water at this
station is 20.6 m + FWD. (Barua, Klaassen and Mahmood, 1995)
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in about 2 months. At the fixed-point cross 1, the O-SLW line
shifted westward by about 400 m. At the upper fixed-point cross 2,
on the other hand, the O-SLW line migrated 520 m eastward. Similar
comparisons can be made for all the contour lines 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-mosa ics, Coleman (1969), invest igated the changes of the
river course in Bangladesh over hundreds of years. Without going
into deta i1 it can be sa id gene ra 11 y that ove r the centu r ies 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 Old Brahmaputra to its confluence with the Meghna
river at Bhairab Bazar. There is little 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 is
said to be the joining of Teesta with the Brahmaputra in that year
when a severe flood changed its (Tee~ta's) original course. Before
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th is change the Teesta used to fa 11 into the Ganges. Apparent 1y,
the Brahmaputra reinforced the combined flow in the Old
Brahmaputra channel passing through the heart of Mymensingh and
developed a new channel diverting in between Bahadurabad and
Dewanganj more or 1ess along the Jena i wh ich is now ca 11ed 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
comp 1ex of the Ganges, Brahmaputra and Meghna rivers and the ir
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 large
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
cou rse (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 wh ich can be eas i1Y scou red to the necessa ry channe 1 cross-
sections. If the river undergoes an appreciable increase in
discharge it may be forced to change its 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 fi gure 3.9. The greatest amount of fi 11
has been on the 1eft bank, ind icat ing a channe 1 mi grat ion 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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I_._ J

Figure.3.1o. Rataof biinkline migration if feet per ye<ir. Twoperiods of time are
illustrated: A. 1962 - 1963; B. 1944 - 1952. A plus mark denotes deposition
or buildout; a minus sign denotes erosion or retreat. (Coleman , 1969)
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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
est imate of the actua 1 date of the 1ast map update for a reach.
The sample distributions of bank erosion were used to generate
average values of bank eros ion for such sub- reach. The overa 11

average rates for is 1ands, nodes and the who 1e 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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The resul ts show that over the enti re study reach bank
erosion during the period was more severe on the right than the
left 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
large 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, wh i1e for the 1eft bank is 1and
reaches show erosion at a relatively low rate. The data indicate
that in is 1and reaches the average wi dth of the bra ided channe 1
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 alb 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 fig 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 life 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 eros ion rates along outer banks of major bends vary ing
between 200 to 700 m (and exceptionally even to 1 km) in one year
(Hannan, 1993).

3.10 Wandering 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 in one local ity
causes deepening by scour in another locality. 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

* 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, duri ng ris ing stage the amp 1itude of

movement is rather 1arge. 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 is a

relatively small amount of movement and the thalweg remains nearly

constant in 1ocat ion. However, duri ng the months of August and

october, the falling stage, the thalweg moves in an irregular and

sudden fash ion. Withina few days the rnain current wande rs 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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Figure. 3.14 Plan view of chenges in sand bar position before and after flood
of 1952 on the Brahmaputra River Bankl:ines obtained from _erial photographs.
SolId 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 larger

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 little curvature. As a result, the

thalweg tends to move toward the inside portion of the

curvature.The rise in flood stage, however, is quite rapid, and

the river must widen and deepen to accomodate this large increase

in discharge. The usua 1 resu 1tis for the bank to be undercut,

slumping then occurs and the migration of the thalweg in a

transverse direction is initiated. This t,ype 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-channe 1 is 1ands. As flood

water subside, an excess of sediment is carried as bed load in

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 channels becomes dominant and the rate of

wandering of the thalweg diminishes. This is illustrated during

the months of November through March .in figure 3.13 (Coleman,1969).

59



3.11 Reasons for Channel Migration/Shifting
The characteristics and direction of flow are determined by

various opposing factors within the stream; for instance;the
oncoming load versus the sediment-carrying capacity of the flow,
and the erros ive res istance of the bank aga inst the bank cav ing
capac ity of the flow (Chen, 1964). The ex istence and deve 1opment
of these various factors contribute to the shifting of the river
channe 1. Probab 1y the maj or contro 11 ing factor, however, is 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
sha 11ower. The aggradat ion constant 1y causes the ma in current to
seek better gradients, new alignments and paths of least
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 is 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 thei r
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 receive 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 its bed configuration, thus maintaining a cross-sectional

area in keeping with flow regime. In 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 ampl itude 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 in the

centra 1 part of the channe 1 is undoubted 1y 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, wlnd 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 f rom one flood to another, and on 1y its pos it ion 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
is 1ands to mi grate. The 1arge 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
sh ift ing of the tha 1weg adds to the magn itude and camp 1ex ity of
deposition and erosion patterns. During rising stage the velocity
increases abrupt 1y to a max imum, then fluctuates in response to
differences in discharge. Scour depth, however, increase slowly
and do not reach max imum as the same time as ve lac ity. 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 genarally occurs just 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 protect ion 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 local scour hole has developed. General
scour is the lowering of the bed level owing to changes and
deve 1opments in the catchment a rea (A 1am, Chowdhu ry, 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
lower 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

levels expressed in m + PWO) are listed below:

Bhuapur
Sirajgonj
Bhuapur

24-25 August 1987- 8.0 m
3-19 September 1987-25.3 m

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 in

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) introduced a number of topological
and geometr ica 1 ind ices for networks of bra ided channe 1s. Thei r
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.
tot a1 rive r width, def ined 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 tota 1 wet area of the ma in channe 1s be low the mean

annual flood level
the maximum depth

The average depths were computed from the total wetted area
and thg 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 050 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

050 varying between 0.22 mm at Chilmari and 0.165 mm

near Aricha.
CBJET (1991) observed tht 050 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 genejally low flow values. There are
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indications that during floods, dunes are washed out and possioly
even flat bed conditions may occur.

3.19 Sediment Transport

The Brahmaputra-Jamuna ri ver is more heavi 1y charged wi th
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 like 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 line. 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 in 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 less

than 1 million tons/month during low fow season and more than 250
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million tons/month in the flood season (UNDP, 1986). Goswam.i

(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.

Accord ing to BWDB, the suspended coarse sed iment 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

respect ive 1y (FAP24, 1994).

Table 3.3 Suspended coarse sediment balance according to the BWDB

Name of station :Suspended coarse sediment transport:
I (million tons per year) I

I
,

I -------- I --------- -------- ------- I, I I

I 1966 I 1967 1968 1969 I

I I I

I I I, I I

Bahadurabad I 256 I 170 171 186 I

I 1 I

I I I

1 I I

Table 3.4 Suspended fine sediment balance according to the BWDB

1969

355

1968

405

1967

Suspended fine sediment transport:
(million tons per year) :

_______________________ ----- 1
I
I
I
I------_.

235 :
I

- 1
Bahadurabad

Name of station

Table 3.5 Total Suspended sediment balance according to BWDB

19691968

575

1967

Total suspended sediment transport
(million'tons per year)

___________ ------ 1 -----
1
I
1
I- 1_------

526: 421
I

-------,-------
Bahadurabad

Name of station
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Hossain (19921 reported tha~ ihe 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). Accordi ng. to FAP24, the annua 1 average suspended

coarse sediment load for the period 1966-1989 are as shown in

Table 3.6 and 3.7 respectively.

Table 3.6
------_._._ .. -- _.~- -

Coarse suspended sediment balance according to FAP24

96

(El76-198R)

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

:Name of station :Annua)
: :coarse
, , I
I ,---------------------,-----------------

: : (1966-1970) :
I I I
1 , , ------------

:8ahadurabad : 202:
I I I
, , I _

Table 3.7 Total suspended sediment balance according to FAP24

:Name of station
I
I
I
I
1
I,
,--------------:8ahadurabad

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

------ 1 -----,--------------
, I.

Coarse (A): Fine (8) : Total (A+8)
I ,

_________ , I _

202 : 388 : 590, ,
---------, --------, ----------

:River

According to C8JET (1991), the annual suspended load for
station 8ahadurabad is shown in table 3.8
lable 3.8 Annual suspended lo~d for station Bahadurabad (1965-1988) (Unit 1 x 109 tons)

;Name of :
: 50 ta t; on : . . :
: : 1965: 1966: 1967 : 1968: 1969; 1970: 1971 : 1972; 197:J : 1974: 19/5: 1976 :
, , , , , ' ' 1 ' ' , , , ,

I " I I I I : , I I : I I

;Bahadurabad:. 771: .510:.711:.704:.728:.737; .602: .471:.733: .451:.250: .370;
I I I I , I I I , I , I I ,

Table 3~~"b"e~oTlt ..i~ued) ,--'--'--'--'--'--'--'--'--'

Annual suspended load for station Sahadurabad (1955-1988) (Unit 1 x 109 tons)

;Name of Year :Average:
: ~ t.a t; on 1 • : in 1.'4
; ; 1977 : 1978: 1979: 1980: 1981 : 1982: 1983: 1984: 1985: 1986; 1987 : 1988: yea r!;
, , , , , , , , ' ' J , , _

I I I I I I I I I I I I I

;Sahadurabad: .480: .278: .362; .281: .252: .294; .236: .556: .420: .488 .706; .539; 0.499
I I I I I I I I I I

------, --' --' --' --'-- '--' -- '--'--' -- --- ._-
The comoarison between the results of CBJET, MPO r8ANGLADES~I.
FEe (Franr.el and Coleman are given in t.able 3.9 r.CBJET, 1'l'l11

lable 3.9 Comparison of the annual sediment load (Unit 1 x 10° tons)
,

: Station: t~PO : FEC : Coleman CBJEl
: , Report: Report : Report Report,
I '. I I I,-----_.--------_._---, ----,----- ----,;Srahmaoutnl-:Sahadurabad: 0.387: 0.431 : 0.607 0.499:

:Jamuna: :: :
I , I I I I

,------,_._----,----,----- ,----- -----,
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CHAPTER-4
DATA COLLECTION AND METHODOLOGV

4.1 Introduction
To study the morpho log ica 1 behav iou r of 8rahmaputra-Jamuna

river, cross-sections at different stations covering the
distance between Noonkhawa and Goalundo have been collected from

river. Morphology and Research Circle, 8\:'1D8,Dhaka and surface
water Hydrology-II,8WD8, Dhaka. The main river system of
8ang 1adesh is covered by a network of standard cross-sect ions
which are surveyed by 8WD8 regularly. 8IWTA 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 8WD8 established a river survey network covering all

main, medium and minor rivers in the whole country during the
past 25 years. Th is network compri ses a tota 1 of 607 standard
cross-secti ons at an interva 1 of about 6436 m (4 mi 1es). 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 su rvey vesse 1. The pos itioni ng

of the vessel along the transit line is determined by sextant or



n°
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INDIA (SHARt,T)
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Figure. 4.1 Standard BWDBcross-sections in the main river system'
(FAP 24, Study Report - 3, 199~ )
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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 is necessary to survey the cross-section also

duri ng the monsoon season and to dens ify the network wi th 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 deve lop, in the cross-sect ion it

is necessary to defi ne more temporary pill ars 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-

sect ion is measured from the pill ar (or the embankment) at one

bank to the pillar (or the embankment) at 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 p 1anform 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 def ine new pill ars wi th a new beari ng.

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

section.
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4.2 Description of Selected Stations

BWDBcollects data of the Brahmaputra-Jamuna river for a

number of standard cross-sect ions des i gnated as J-0-1 to J-1 7 ,

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 i nterva 1 of about 8 mi 1es 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 sound i ngs were taken up aga in, but these sound i ngs

were not performed regularly, and only in 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 peri od 1979-80 and 1987-88 were not ava i 1ab 1e. 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-II, 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 a re used, wh ich are

supplied from surface water Hydrology-II, BWDB, Dhaka. All the

eight years data which were used for the fi rst 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-II, 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 level 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 Si rajgonj are taken

as approximately 87 km. This information is also supplied from

surface water Hydrology-II, BWDB,Dhaka.

4.3 Background of MIKE 11 Software

MIKE 11 is a software package deve loped 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 appl ication on micro-

computers and is based on DHI's well known SYSTEM11, 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,

managemen~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 SYSTEM11 HD(Hydrodynamli,Gmo,dule), and is an

implicit, finite difference model fdr unsteady flow computation.
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The model can describe subcritical as well as supercritica)
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 in numerous
engineering studies around the world.

4.4 Methodology
The raw data compri ses the coord inates (Xj' Zj) of the bed

1eve 1 across the river branch and the re1at ive res istance for
each section (from Xj-1, Zj-1 to Zj' Zj)' The relative resistance
is default 1, indicating a constant value of the roughness across
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 in which the
raw data are processed to a form wh ich is used in the actua 1
hydrodynamic calculations.
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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 1eve 1
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 hydraul ic parameters are to be computed, it is important to
ensure that non-l inear var iat ions of the hydrau 1ic 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 Z-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 level.

The hydraulic parameters are:

- cross-section area (m2)
- 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 :
1 1 1 1 1 1 __ 1 1

1 I 1 1 1 1 1 I

:1 River name: 2 Chainage : 3 : 4 x-coor : 5 y-coor : 6:Pos flow dir:
1 1 ' 1 1 ' __ 1 -----_1

1 1 1 1 1 1 I 1

:WEST-CHANNEL : 9.000: : 0.500 : 4.350 : 0: :
1 1 1 1 1 __ 1 I

I I 1 1 I 1 1

HYDRAULIC PARAMETERS: Number of levels : 9:------:----------- ---------:--------:-----------:----------:
'Level :Cross s~c. Hydraulic: Width : Add. f~. :Resistance:
(m) :area (m) radius(m): (m) :areas (m ) :Factor :
______ 1 ----- 1 1 1

1 1 1 I

-3.00: o. 00 O. 00 O. 00: a : 1.00 :
-2.88: 0.32 0.07 6.00: a : 1.00 :
-2.10: 11.94 0.72 18.75 a : 1.00 :
-1.80: 18.20 0.95 23.00 a : 1.00 :
-1.00: 40.20 1.53 32.00 a : 1.00 :
-0.50: 61.20 1.76 52.00 0 : 1.00 :
-0.25: 82.51 1.62 118.50 a : 1.00 :

0.00: 120.45 1.42 185.00 a : 1.00 :
3.00: 690.45 3.73 195.00: 0 : 1.00 :

1 I I I------1----------- --------- --------1-----------1----------1
<1> Insert row (before cursor) <0> Delete row <ESC> end and update
<'K'S> update < 0 > end WITHOUT update <F1> Help

MIKE 11 wi 11 compute most of the processed data after we have

spec ified the raw data for a cross-sect ion. Add itiona 1 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 f rom raw cross-sect i on data at d i ffe rent 1eve 1s. 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.

All graphs have taken by using HARVARDGRAPHICSoftware.

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

vers ion) is used for th is study to revea 1 the actua 1 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 differen.t

conditions.

For the first and second obj ect i ve, 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 obj ect i ve the areas are ca 1cu 1ated based on

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

level for every section. Eleva.tion versus Areas are given in
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Table 5.1 to 5.17. From Table 5.1 to 5.17 elevation versus ar:ea

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

year curves are drawn for fixed elevation (Fig. 5.18.a to

5.34. b) .

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. Horizontal 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 =
n

or, n =
v

R2/3S1/2 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).

82



~
.. \ ~t

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

1eve 1 rise or fa 11, the movement of effect ive 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 ~ections 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 stat ions J-1 to J-8, J-10, J-11 and J-13 to J-17

have been avai lable. The cross-sectional profi les 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 is repeated. The area-

elevation curves show that the curves rise sharply with high

gradients at lower elevation i.e. near the channel bottom and

become flatter with increase of depth towards the top. This

particular pattern of the profile is 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 sect ion J-17 (Ch. 25.00 km), the cross-sect iana 1 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-

sect iana 1 area for the year 1976-77 is about 626.00 m
2

and for

the year 1978-79 is 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

are almost same (near about 32000.00 m2). The cross-sect iana 1

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

area for all other years and this is about 38795.00 m
2
.
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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 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 is 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 in bed

level. From figure 5.35 and table 5.18 it is observed that lower

elevation is required for the year 1978-79 for 5% of total

cross-sect iana 1 area wi th respect to othe r years. Th is ind icate

also that there is 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 is more than the elevation for 5% of

total cross-sectional area. From figure 5.35 it is also observed

that bed erosion was limited only to lower elevations.

The changes of cross-sectional area in different years for

same elevation are shown in figure 5.18.a. From figure 5.18.a it

is seen that above 17.5 m elevation, the cross-sectional area for

the year 1977-78 s 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 abo'(e
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
not significant.

1969-70 to 1990-91 is

From figures 5.2.a to 5.2.b and from table 5.2 it is seen

that at section J-16 eCho 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 m2 and .299.00 m2

respectively and the cross-sectional area for the years 1986-87
and 1988-89 are more or 1ess same and equa 1 to 1600 m2. Above
this elevation, it is 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 2.m ,

the cross-sect iona1 area for the years 1978-79 and 1988-89 are

about 28500.00 m2 and the cross-sectional area for the year 1986-
87 is 38245.00 m2 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 in cross-sectional area and the bed level

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 is 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 tb 1977-78 and 1986-87 are
nearly equal to 0; the cross-sectional area for the years 1978-79

and 1990-91 are nearly equal to 600.00 m2 and also the cross-

sect iona 1 area for the years 1981-82 and 1988-89 are 217.00 m2

and 1648.00 m2 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 m2 respect ive 1y. The cross-sect iana 1 area for the year

1990-91 is 47989.0 m2 which is more than the cross-sectional area

of any other years.

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

sect iana 1 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 e 1evat ion is requ ired 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 is observed that the elevation for 10%

of total cross-sectional area in the year 1988-89 is more than

the elevation for 5% of total cross-sectional area. From figure

5.37 it is also observed that bed erosion was limited only to

lower 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 mel evat ion, the cross-sect iana 1

area for the year 1990-91 is more than the cross-sect iana 1 area

of a 11 other years. From the same fi gure, 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 less same from 1977-78 to 1986-87 and again increased

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,
268.6 m , 1226.00 m2, 581.00 m2, 965.00 m2, 1420.00 m2 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
area for the years 1977-78 and 1981-82 are 36810.00 m2 and.

44611.00 m2 respectively.

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 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 level.
From figure 5.38 and table 5.21 it is observed that lower
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.
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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

mel evat ion, the cross-sect i ana 1 area for the year 1990-91 is

more than the cross-sect i ana 1 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 m2,

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

2504.81 m2 respective 1y. Among these, the cross-sect i ana 1 area

for the year 1977-78 is 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

m2 and the cross-sectional area for the years 1978-79 and 1990-

91 are 37473.00 m2 and 41811.00 m2 respectively. Among these the
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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 this,

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-sect iona 1 areas for a11 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 is 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-sectional area in 1988-89 but in this case the area for 5%

of tota 1 cross-sect iona 1 area is 1ess than that of the 5% of

total cross-sectional area in 1977-78 and 1990-91. These

indicate also the erosion in bed level in the years 1977-78 and

1990-91. Figure 5.39 a 1so ind icate that there is, no remarkab 1e

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

mel evat ion, the cross-sect iona 1 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 eros ion in bed 1eve 1 in the year 1990-91 wi th 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 m2, 441.00 m2 and 2819.00 m2

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-

sect i ana 1 area increases qu i te fast wi th increase of e 1evat ion

due to rapid increase of width. From figure 5.6.a to 5.6.b and

table 5.6 it is 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

m2, 47395.00 m2, 37611.00 m2, 34242.00 m2, 34920.00 m2 and

48305.00 m2 respectively. Among these, the cross-sectional area

for the year 1990-91 is more than the cross-sect i ana 1 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 is more than the cross-sectional area
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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 in 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-sect iana 1 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 in

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

conc 1uded that the re has been fall of bed 1eve 1 at sect ion 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 m2,

3153.00 m2, 2084.00 m2, 3304.00 m2, 22184.00 m , 268.00 m2 and

5078.00 m2 respectively. Among these, the cross-sect i ana 1 area

for the year 1990-91 is more than the cross-sect i ana 1 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 m2, 37470.00

m2 and 50572.00 m2 respectively. Among these, the cross-sectional

area for the year 1990-91 is more than the cross-sect i ana 1 area

for a 11 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-sect i ana 1 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.
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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 is 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 level 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-sect iana 1 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 is more than the cross-sect iana 1 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.

96



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
1990-91 are nearly equal to 1400.00 m2 and the cross-sectional
area for the years 1977-78,1981-82,1986-87 and 1988-89 are

2 22535.00 m , 2286.00 m , 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
quite 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 m2, 49770.00 m2, 46350.00
m2, 37356.70 m2, 35039.00 m2 and 42769.00 m2 respectively. Among

these, the cross-sect iona 1 area for the year 1976-77 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 the year 1969-70 and 1990-91 but the
cross-sectional area for the year 1969~70 is more than the cross-

sect iona 1 area for the year 1990-91. The effect ive width of

river section in 1969-70 is more than the effective width in

1990-91. Besides this, it is observed that the effect ive 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. Th is also ind icate the eros ion 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 is more

than the cross-sectional area for all other years. This same

figure and table show that above 6.5 m elevation, the cross-

sect iona 1 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-sectional 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.
m2, 775.00 m2, 609.00 m2 and 4468.00 m2 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 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 m2, 45736.00 m2 and 41471.00
m2 respect ive1y. Among these the cross-sect iana 1 area for the
year 1988-89 is more than the cross-sectional area for all other

years.
In general, it may be ment ioned that there are changes of

cross-sectional area in between 1969-70 and 1990-91. But the
cross-sectional area and ~ffective 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
a1so 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-secti ana 1 area for a 11 other

years. It indicate that there was some erosion in bed level 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
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-sect iana 1 area for

all other years upto the elevation 14.00 m. From the same figure

and table, in general, it can be told that the cross-sectional

area has inc reased du ring ce rta in pe riad and dec reased du ring

certain period. From figures 5.26.a to 5.26.b and table 5.9, it

is seen that the cross-sect iana 1 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 concluded that 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 is 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-

87 and 1988-89 are nearly equal to 1800.00 m2 and the cross-

sectional area for the years 1976-77, 1977-78, 1978-79 and 1990-

91 are 478.3 m2, 1015.88 m2, 2664.76 m2 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
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cross-sectional area for the years 1977-78 and 1990-91 are nearly

equal 2to 40,000.00 m , the cross-sect iona 1 area for the years

1978-79 to 1988-89 are nearly equal to 33500.00 m2 and the cross-

sectional area for the years 1969-70 and 1976-77 are 28898.00 m2

and 35586.20 m2 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 eros ion in bed

level in 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 is more than the cross-sectional area

for all other years upto the elevation 13.23m.
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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, tab1e 5.10 and the above discuss ions, 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,
150.88 m2, 4015.14 m2, 1811.24. m2 and 0 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 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-

sect iona 1 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 m2 respectively.
Among these the cross-sectional area for the year 1981-82 is 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 1990-91 is less 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, 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 is 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-sect iana 1 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 105m

elevation, the cross-sectional area for the year 1981-82 is 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 is more than the cross-sect iana 1 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

discuss ion it may be conc 1uded that the bed 1eve 1 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 alevation 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 m2 and the cross-sectional area for

the years 1969-70, 1978-79, 1981-82 and 1990-91 are 1573.51 m2,

2477.41 m2, 3139.14m2 and 357.60 m2 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,

the cross-sect iana 1 area increases qu ite fast wi th 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

equa 1 to 26000.00 m2; the cross-sect iana 1 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 m2 and 24207.20 m2 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-

sect iana 1 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
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The cross-sect iana 1 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 less than the

effective width for the year 1969-70. Besides this, it is

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 0, 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 in

1981-82. Figure 5.46 and table 5.29 show that lower elevation is

requ ired for 5% for the year 1981-82 of tota 1 cross-sect iana 1

area with respect to all other years. Although the elevation for

10% of total cross-sectional area for the year 1978-79 is lowe~

than that for the year 1981-82 but the area for 10% of tota 1

cross-sectional for the year 1981-82 is 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 0

elevation the cross-sectional area for the year 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

105



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 is observed

that at 0 e 1evat ion of sect ion 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, 21584.10 m , 4132.2

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 O. Among these, the cross-sectional area for the year

1977-78 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 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 m2 respectively; the cross-sectional area for the

years 1976-77 and 1990-91 are nearly equal to 37500.00 m2 and the

cross-sectional area for the years 1981-82 to 1988-89 are equal

to 32500.00 m2. Among these, the cross-sect iona 1 area for the

year 1978-79 is 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 is less than the

effect ive wi dth in the year 1969-70. Bes ides th is the effect ive

width has decreased over the years.

Figures 5.30.a to 5.30.b and table 5.13 show that upto 0

elevation the cross-sectional area for the year 1977-78 is 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 respect 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-sect iana 1 area in different

years 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 is 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 18~0.00 m2; the cross-sectional area for the years 1978-79 and
1990-91 are nearly equal to 97.00 m2 and the cross-sectional area
for the years 1969-70,1976-77,1981-82 and 1986-87 are 916.58
m2, 3466.20 m2, 2735.82 m2 and 3194.23 m2 respectively. Among

these, the cross-sect iona 1 area for the year 1976-77 is more

than the cross-sectional area for all other years. Above this 0
elevation, the cross-sectional area increases quite 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 is 46194.60 m2, the cross-sect iona 1 area for the
years 1976-77 to 1978-79 and 1986-87 to 1988-89 are nearly equal

to 28000.00 m2 and the cross-sectional area for the years 1981-82
and 1990-91 are nearly equal to 35000.00 m2. Among these, the
cross-sectional area for the year 1969-70 is 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 from lower to higher

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

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 lower 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 year 1976-77. Figure 5.31.a and table 5.14 also

show that there was erosion in bed level in 1981-82 and 1986-

87.

Frum figure 5.31.a and table 5.14, it is observed that above

o elevation, the cross-sectional area for the year 1981-82 is

more than the cross-sectional area for all other years upto the

e 1evat ion 8.5 m and above 8.5 mel evat ion, the cross-sect iana 1

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 in 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 near 1y equal to 300.00 m2 and the cross-sect iana 1 area for

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

2356.7 1209.107 13.45 and 2228.07

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 quite 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 m2 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 m2, 36694.80 m2 32325.30 m2 and

50886.70 m2 respective 1y. Among these, the cross-sect iana 1 area

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

sectional area for all other years.
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In general, it can be stated that there are changes of

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

~ross-sectional area for the year 1990-91 is more than the

cross-sectional area for the year 1969-70 from lower to higher

e 1evat ion. The effective wi dth in the year 1990-91 is more than

the effecti.ve 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 is 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 lower

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
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discuss ions, it may be conc 1uded that the bed 1eve 1 ri ses 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 m2,

5426.00 m2, 5780.00 m2, 6122.00 m2, 1772.00 m2, 6274.00 m2 and

3875.00 m2 respect i ve 1y. Among these, the cross-sect i ana 1 area

for the year 1969-70 is more than the cross-sect i ana 1 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-sect i ana 1 area for the years 1969-70, 1976-77,

1978-79, 1981-82, 1986-87,1988-89 are 28501.00 m2, 52151.00 m2,

41352.00 36868.00 35849.00 and 30228.50

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

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

years.

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

sect i ana 1 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 mel evat ion, the cross-sect i ana 1 area for the year

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

91. The effect i ve wi dth in the year 1969-70 is more than the
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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 eros ion in bed 1eve 1 in the year 1969-70. From

figure 5.50 and table 5.33, it is seen that lower elevations are

requ ired for 5% and 10% of tota 1 cross-sect iona 1 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 for 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 conc 1uded that there has been rise of bed 1eve 1 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 m2, 3245.71 m2, 4524.30 m2 and 182.83 m2

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 e1evat ion 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 m2, 39280.00 m2, 67419.10

m2 and 33822.20 m2 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 is less than
the effective width in the year 1990-91. Besides this, the

effective width has increased over the years.

114



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 is

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 in 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-:sect iana 1 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 level

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

5.3 Cross-sectional area versus distance

Figures 5.52.a to 5.58.b show the conveyance area across the

wi dth for river sect ions at stat ions 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 keeping 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 1976-77, 1978-79,1981-82, 1986-87 and 1988-89
were more of 1ess same. The cross-sect iona 1 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 is 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. Vari at ion of tota 1 wi dth and

effect ive wi dth as shown in figure 5.86 shows that effect ive

width changes much more rapidly than the total width. This is

because of. the fact that changes in tota 1 width is due to

erosion or deposition along the bankline only. But the changes in
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effect ive wi dth is a 1so due to eros ion and depos it ion 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 1eft and 1eft bank towards 1eft or right at

station ,J-17 (Ch.25.00 km) for different years. From the same

figure and tab 1e, it is observed that the right bank rema ined

almost in the same position during the period 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 aga in 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 is also observed that

the right bank moved towards left by 852.00 m and the left bank

moved towards left by 2250.00 m.
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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 1ess same but 1ess 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 a 1most same. The tota 1 wi dth of the sect ion for the year

1990-91 was however greater than the tota 1 wi dth for the year

1969-70.

From figures 5.70.a to 5.70.h it is 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 channe 1 and char pat tern 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
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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 a 1ways the same rate. It is to be noted tha t 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 1eft and 1eft bank towards 1eft or right at

station J-16 (Ch. 37.10 km) for different years. From the same

figure and table it is 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 left 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
sect ion 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 1ess same except the cross-sect iona 1
area for the years 1976-77 and 1990-91. The cross-sectional area
for the years 1976-77 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 greater than the total width for the year 1969-70.
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From figures 5.71.a to 5.71.h it is 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 narrmoJ channels with a number of relatively wide and

sha 11ow channe 1sal ong wi th 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).
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Figure 5.105 and table 5.54 show the movement of right bank

towards right or left and left bank towards left or right at

station J-15 eCho 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

tab 1e 5.54 a 1so show that the 1eft bank has moved towards 1eft

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 less 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

sect ion 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-sect i ona 1 area for the year 1976-77 and

1981-82 to 1986-87 were more or less same; the cross-sectional

area fo~ the years 1978-79 and 1988-89 were more or l~ss same and

the cross-sectional area for the years 1969-70 and 1990-91 were

more or 1ess same when the cross-sect i ona 1 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 t,otal 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. I n a word, it can be stated that the tota 1 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

effect i ve wi dth as shown in fi gure 5.89 shows that effect i ve

wi dth changes much more rap i d 1Y than the tota 1 wi dth. 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 1eft and 1eft bank towards 1eft 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 left

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 1eft from 1981-82 to 1988-89 and aga in

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 left to right bank. The cross-sectional area for the

years 1981-82 and 1988-89 were more or 1ess same but 1ess than

the cross-sectional area for all other years and the cross-

sect iona 1 area for the years 1969-70 and 1988-89 were more or

1ess same. The cross-sect iona 1 area for the years 1976-77 to

1978-79 were more or less same but greater than the cross-

sect iona 1 area for a11 other years. From the same figures and

tab 1es it is observed that the cross-sect iona 1 area for the

year 1969-70 was 1ess than the cross-sect iona 1 area for the
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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 fou~

relatively wide and shallow channels in the years 1969-70 to

1981-82. In other years the channe 1 sect ion had one re 1at ive 1y

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.
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Figure 5.107 and table 5.56 show the movement of left bank

towards left or right and right bank towards right or left at

station J-13 (Ch. 84.70 km) for different years. From the same

figure and table it is observed that the 1eft bank has moved

towards 1eft from 1969-70 to 1990-91 and the right bank moved

towards right from 1969-70 to 1976-77 and remained more or less

in the same position from 1976-77 to 1990-91. Conisdering the

total period from 1969-70 to 1990-91, it is observed that the

1eft bank moved towards 1eft 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 left 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 1ess same when the

cross-sect iona 1 area was more than a11 other years. From the

same figures and tables it is observed that the cross-sectional

area for the year 1969-70 was 1ess than the cross-sect iona 1

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 5.74.9, it is observed that the

channel section at station J-12 eCho 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.
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Figure 5.108 and table 5.57 show the movement of left bank

towards 1eft or right and right bank towards right. or 1eft at

station J-12 (Ch. 100.50 km) for different years. From the same
figure and tab 1e it is observed that the 1eft 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 el evati on 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-sect iana 1 area was more than a 11 other years.

From the same figures and table it. is observed that the cross-
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sectional area for the year 1969-70 was less than the cross-

sect iona 1 area for the year 1990-91. The tota 1 width of the

section for the year 1990-91 was greater than the total width for

the year 1969-10.

From figures 5.75.a to 5.75.h it is observed that in 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 in between. The causes of changes in channe 1 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 increased

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 changes much more rapidly than the total width.

The causes of changes in total width and effective width is 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 tab 1e, it is observed that the 1eft 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 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 is

observed that the 1eft bank moved towards 1eft 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-sect iona 1

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

channe 1 sect i on at stat ion J-10 (eh. 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 the

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 duri ng the peri od 1988-89 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 aga in increased

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.
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Figure 5.110 and table 5.59 show the movement of left bank

towards 1eft or right and right bank towards right or 1eft at

station J-10 (Ch. 134.30 km) for different years. From the same

figure and table it is observed that the left bank has moved

towards right from 1969-70 to 1976-77, then moved towards 1eft

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 a1so aga in 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 aga in 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 is observed that the 1eft 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-sectional are for all other years

and the cross-sectional area for the years 1976-77 to 1986-87 and

1990-91 were more or 1ess same except the cross-sect iona 1 area

for the year 1988-89 when the cross-sectional area was more than

all other years. From the same figures and tables it is observed

133



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 th~n that of the year

1969-70.

From figures 5.77.a to 5.77.g it is observed that the

channe 1 sect ion at stat ion 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. In

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 channe 1 and char patte rn are same as exp 1a ined 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 ment ioned that the tota 1 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 1eft or right and right bank towards right or 1eft at

stat ion J-9 1.Ch. 142.45 km) for diffe rent years. From the same

figure and tab 1e it is observed that the 1eft bank has moved

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

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 tab 1es 5.44. 1 to 5.44.8 show

how the cross-sectional area upto 13.23 m elevation of the

sect ion J-8 1.Ch. 149.50 km) for diffe rent years var'y 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
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and 1978-79 to 1988-89 were more or less 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 channe 1s 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 channe 1 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 less 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 increased 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 in 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 towards 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 left bank moved towards left by 1822,00 m during that

period.
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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 less 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 1ess same except the cross-sect i ona 1 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 is observed that the

channe 1 sect i on at stat ion 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
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however increased 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 is 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 left 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
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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 is observed that the right
bank moved towards right by 813. 00 m and the 1eft 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

sect ion 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 less 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 1ess same. The tota 1 width of the

section for the year 1990-91 was less than the total width for

the year 1969-70.

From figures

channel section

5.80. a to 5.80. h

at station J-6

it is observed that the

(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 in

between in the years 1969-70 to 1990-91. The causes of changes

in channe 1 and char pattern are same as given at stat ion 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

tota 1 width and effect i ve width as shown in f i gu re 5.97 shows

that effect i ve width changes much more rap i d1Y than the tota 1

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 1eft or right and right bank towards right or 1eft at

station J-6 (Ch. 177.70 km) for different years. From the same

figure, it is observed that the 1eft 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,

141

j



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 tab 1e 5.63 a1so show that the right bank has moved towards

left from 1969-70 to 1977-78 and remained more or less in 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 left 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

years 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-

sect ina 1 area for a11 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-
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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

channel section at station J-5 eCho 188.20 km)
that the

had one
relatively wide and deep channels along with a number of

relatively shallow but narrow channels with a number of chars in

between in 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
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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 1eft or right and right bank towards right or 1eft at

station J-5 (Ch. 188.20 km) for different years. From the same

figure and table, it is observed that the left 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 aga in moved towards right from 1986-87 to

1988-89 and aga in moved towards 1eft from 1988-89 to 1990-91.

Figure 5.115 and table 5.64 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, 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 show

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
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years and the cross-sectional area for the years 1981-82 and

1990-91 were more or 1ess same except the cross-sect iana 1 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

channe 1 sect ion had one re1ative1y wide and deep channe 1 along

with one relatively deep but narrow channel with a char in

between in the year 1976-77 to 1981-82 and 1988-89. In other

years the channel section had one relatively wide and deep chane1

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 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 increased from the year 1976-77 to 1977-78, then remained

145



more or less same from 1977-78 to 1978-79, then again increased

from 1978-79 to 1986-87, then agai n 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 effect ive width changes much more rapid1y than

the tota 1 wi dth. The causes of changes in tota 1 width and

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 1eft and 1eft bank towards 1eft 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 left

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 is

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

aga in moved towards right from 1988-89 to 1990-91. Cons idering

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 t~e 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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1eft bank to right bank. The cross-sect iana 1 area for the yea r

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

years and the cross~sectiona1 area for the years 1976-77 and

1981 -82 to 1986 -87 we re mo reo r 1es sam e. A 1sot he c ross-

sectional area for the years 1977-78 and 1988-89 to 1990-91 were

more or 1ess same when the cross-sect iana 1 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

channe 1 sect ion at stat ion 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 channe 1sal ong with one deep but narrow channe 1

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
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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 \'1idth and

effect i ve wi dth as shown in f i gu re 5. 100 shows that effect i ve

width changes much more rapidly than the total width. The causes

of changes in total width and effective \f/idth are same as

mentioned at station J-17 fCh. 25.00 km).

Figure 5.117 and table 5.66 show the movement of left bank

towards 1eft or ri ght and ri ght bank towards ri ght or 1eft at

station J-3 fCh. 213.20 km) for different years. From the same

figure and table, it is 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 tab 1e 5.66 a 1so 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 rema i ned more or 1ess in 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.
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Figure 5.67.a to 5.67.b and tables 5.50.1 to 5.50.8 shm .•.

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 1ess same but 1ess 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 more(ffllesssame. 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 med iurn and max imum cross-sect iona 1 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 tota1 width of the sect ion 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 othe r years the channe 1

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.
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Figure 5.101 and table 5.67 show that the total width has

increased during the period 1969-70 to 1976-77, then decrea'sed

from the year 1976-77 to 1977-78. The total width however

remained almost same from 1977-78 to 1981-82, then decreased

rap i d1Y from 1981-82 to 1988-89 and inc reased 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. Variation of

total width and effective width as shown in figure 5.101 shows

that effect i ve width changes much more rap i d1Y than the t,ota 1

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 1eft or right and right bank towrds right or 1eft at

station J-2 (Ch. 223.20 km) for different years. From the same

figure and table, it is observed that the left bank has

remained almost in the 0 position from 1969-70 to 1988-89 and

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

table 5.67 also show that the right bank has moved towrds right
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from 1969-70 to 1976-77, then moved towards left 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 is

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 eCho 230.75 km) for different years vary across the

width from left 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-sect i ona 1 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-

sect i ona 1 area was more than the cross-sect i ona 1 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

sect i on for the year 1990-91 howeve r more than the tota 1 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 in the years 1969-70 and 1978-79 to
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Figure 5.102 and tab 1e 5.68 show that the tota1 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 tota 1 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

effect ive width as shown in figure 5.102 shows that effect ive

width changes much more rapidly than the total width, The causes

of changes in tota 1 wi dth and effect ive width is same as

mentioned at station J-17 (Ch. 25,'00 km).
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Figure 5.119 and table 5.68 show the movement of left bank

towards 1eft or right and right bank towards right or 1eft at

station J-1 (Ch. 230.75 km) for different years. From the same

f igu re and tab 1e it is observed that the 1eft bank rema ined

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 rema ined a 1most in the same

pos it ion from 1986-87 to 1988-89 and aga in moved towards 1eft

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 left bank towards left or right and the

right bank towards right or left are clearly shown in figure

5.103 to 5.119.
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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 Coefficient:

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 coefficienL 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 Bahadu rabad to S iraj gonj and average slope ind icats the

slope of average of upstr'eam and downstream slopes. Data were

analysed on the basis of dry season and wet season. Data for the

oeriod 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 Fu1chari channel such as Fu1chari channel and fu1chari

channe 1-1. In wet season the re are fou r channe 1s for Fu 1char i

channe 1 such as Fu 1cha ri channe 1 .

channel-2 and Fu1chari channel-3.

Fu1chari channe1-1, Fu1chari

Because of 1imi tat ion of data

relating to roughness coefficient has been limited only to

Fu 1char i channe 1 and Fu 1char i channe 1-1 a 1though the roughness

coefficient for other channels have been determined.
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It is observed that in dry season there are five channels in

Bahadu rabad channe 1 such as Bahadu rabad channe 1-1, Bahadu rabad

channel-2, Bahadurabad channel-3, Bahadurabad channel-4 and

Bahadu rabad channe 1- 5. In wet season there are six channe 1 in

Bahadurabad channe 1 such as Bahadurabad channe 1-1, 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 in between 0.0337 to 0.0124 when velocities are in

betweell 0.499 to 0.8864 m/sec.

From figure 5.123 and table 5.70, it is observed that for

dry season the roughness coeff ic ient for Bahadurabad channe 1-1

are generally in 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 coeff ic ients for Bhadu rabad channe 1-4 are in
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between 0.0137 to 0.0103 when velocities are in 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 in

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 Fu1chari 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 coeff icient for Bahadurabad channe 1-1

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 rn/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 is 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 in

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.
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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 fi rm 1i ne and the dash 1i ne show the trends in

variation of the cross-sectional area along the length 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-sect i ona 1 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.

F; 9,.5. 139 shows the changes in assumed bed 1eve 1 at e 1evat ion

corresponding to 5% 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 line in 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 line gives

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

1990-91. From figure 5.139 and "tables 5.18 to 5.34 it is
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observed that on1y at stations J-17 and J-12, thi s bed 1eve 1

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 1eve 1 has remai ned more or 1ess at same e 1evat i.on

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-B 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-B 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 line 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 5.6B it is

observed that there has been changes in tota 1 width ina 11

stations during different periods; such changes in total width

have been, however, relatively small only at station J-14 and

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

4 and J-3.
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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 stab 1e even though the total wi dth shows re 1at ive 1y 1ess

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 line 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 line and the dash line 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
1ength of the river except J-12 where the effect ive width has
remained more or less same. From figures 5.140 and 5.141 it is
a1so observed that the changes of effect ive width is much more
than the changes in total width. This is because of the fact that
an increase or decrease of effective width is 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 line indicate accretion at different stations (J-17 to
J-1 i.e. Ch. 25.00 km to 230.75 km) to the bank line 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
less in 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 station J-14 had both erosion and
accretion but more or less of equal extent from 1969-70 to 1990-91.
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If we compare the bank positions at different stations for
the year 1969-70 and 1990-91, it is 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 accret ion 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-l1, J-l0, J-8, J-5 and
J-l. At stations J-15 and J-7 the erosion was quite severe and
was about 4100.00 m and 4800.00 m respect ive 1y. At stat ion 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 1ine indicate accretion and the points below the
straight line indicate erosion at different stations (J-17 to J-l
i.e. Ch. 25.000 km to 230.75 km) with respect to the bank 1ine
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 rnast oft hey ears .
Stations J-12, J-3 and J-l show mostly erosion even though there
was accretion time to time; the stations J-17, J-l0, 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.
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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 accret ion does not fo 11ow any systemat ic trend
with time. Such characteristics are expected from a braided river
like 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 eros ion to occur not fo 11owing any systematic

pattern.
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Fig.S."36 Elevation for 5°10 & 10°/0 of Total Area Vs Year, Section .1-16(ell. 37.10 Km.)
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Table 5.1 Elevation and corresponding area, Section J-17 (Ch.25 km)

Year
-----------------------------------------------------------------------------------------------
Elevation 1969-70

(m)
1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

-----------------------------------------------------------------------------------------------
4.71 0
5.5 17.954
6.5 91 .926
7.5 213.286
8.5 0 379.182
9.5 0.35 609.338
10.5 13.71 893.096 0 0
11.5 46.49 1203.389 0 4.4 5.01
12.5 99.86 0 1536.426 63.49 20.87 0 47.64
13.5 0 182.71 0.70 1889.753 209.37 50.84 51 .70 161.93
14.5 78.33 378.24 190.0 2280.40 588.44 335.15 286.98 445.79.,. 15.5 816.99 626.48 998.60 2835.10 1372.81 929.24 842.97 824.06

0
00 16.5 2121.97 1286.14 2606.5 3806.60 2698.48 1791.41 1636.95 1475.22

17.5 3865.97 2203.76 4989.90 5310.2 4570.07 3109.97 2878.47 2333.79
18.5 6175.43 3395.90 8222.40 7236.0 6982.96 5073.37 4862.50 3380.41
19.5 8977.10 5293.20 12620.90 9741.70 10159.30 7377.65 7928.96 4820.52
20.5 12086.09 9345.50 18017.60 13251.9 14444.18 10382.0 11832.37 6970.50
21 .5 15508.56 15678.00 23737.50 17375.4 19311.90 15058.5 16597.03 10305.20
22.5 19150.73 22573.20 29879.60 22661.8 24633.80 22045.9 23034.6 15042.50
23.5 22994.40 30062.90 37514.60 29410.5 30628.50 30782.0 30886.0 21709.40
23.65 23601.20 31279.40 38795.20 30537.0 31589.90 32246.4 32164.7 22933.70

Effective 4073.60 8224.60 8601.30 7751.50 6448.50 9791.10 8711.0 8338.00
width in m
at eleva-
tion
23.65 m----------------------------------------------------------------------------------------------



Table 5.2 Elevation and corresponding area, Section J-16 (Ch.37.10 km)

Year-----------------------------------------------------------------------------------------------
Elevation 1969-70

(m)
1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

-----------------------------------------------------------------------------------------------
5.49
5.5 0
6.5 27.98
7.5 186.23
8.5 0 0 0 405.60
9.5 58.98 152.44 299.32 712.67 0
10.5 0 0 213.54 448.39 817.21 1125.11 69.72
11.5 117.14 47.33 0 505.20 933. 13 1505.14 1644.64 298.85
12.5 664.12 145.12 116.78 923.70 1701.11 2362.70 2271.25 689.42
13.5 1621.98 453.67 488.59 1433.30 2803.38 3417.97 3097.26 1342.28
14.5 2986.88 1221.38 1036.23 2036.54 4153.83 4748. 10 4114.10 2192.41
15 .5 4679.61 2602.27 1743.73 2855.80 5836.77 6327.84 5464.7 3146.94

.I'> 16.5 6569.55 4533.28 3012'.36 3929.97 7901.49 8416.69 7064.7 4760.90
0
\D 17.5 8840.10 7609.11 5205.99 5377.77 10351 .20 11453.82 8874.0 7644.47

18.5 12030.40 11351.05 8387.99 7881.60 13378.40 15062.70 11025.6 11015-.74
19.5 16099.12 15412.00 12843.61 11530.00 17220.60 19173.20 13899.7. 15210.4
20.5 20817. 10 20080.80 18183.86 16208.70 21669.30 24119.00 17683.0 20280.6
21 .5 26946. 10 25646.50 24450.80 21436.60 27213.70 30325.70 22626.0 26430.7
22.49 34223.50 33626.90 32589.1 27703.0 34932.30 38245.30 28984.1 34136.4

Effective 8543.10 9874.70 9342.5 7569.30 9073.40 8660.90 7242.8 9334.80
width in m
at eleva-
tion
22.49 m-----------------------------------------------------------------------------------------------



Table 5.3 Elevation and corresponding area, Section J-15 (Ch.55.65 km)

Year
1990-911988-891986-871981-821978-791977-781976-77Elevation 1969-70

(m)-----------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------

-0.85 0
0 43.64
1.5 162.99
2.5 269.17
3.5 396.64
4.5 545.41
5.5 0 715.46
6.5 1.11 906.81 0
7.5 56.02 0 0 1119.45 63.41
8.5 0 0 249.04 40.13 4.05 1354.55 282.27
9.5 0 3.80 19.53 584.19 216.70 95.06 1647.65 663.22
10.5 37.00 93.93 231.34 1128.58 670.43 239.69 1989.82 1476.96

~ 11.5 417.33 608.81 776.07 1867.62 1233.48 495.38 2444.97 2658.01
....
0 12.5 1156.40 1800.42 1498.84 2886.95 1887.47 1085.42 3183.64 4109.72

13.5 2199.34 3581.03 2477.23 4223.20 2705.53 2093.69 4206.6 6021.80
14.5 3801. 60 6057.44 3961.34 5853.53 4109.93 3752.90 5637.9 8570.77
15.5 6053.03 9289. 10 6213.71 7951.20 6374.86 6086.78 7647.7 11688.69
16.5 8613.71 13466.36 9476.74 10735.00 9186. 18 9017.04 10406.00 15374.9
17.5 11364.99 19120.18 13252.06 14124.0 12814.60 13088.8 14115.1 19762.2
18.5 14687.91 25700.50 17894.20 17918.4 17709.80 18003.4 19213.4 25965.3
19.5 18863.90 32766.90 23613.30 23576.70 23751.80 24098.6 25665.6 33385.4
20.5 24505.80 40030.90 30261.20 30416.0 31097.10 31035.8 33027.0 41777.4
21.15 28626.00 45056.00 35448.60 35773.8 36501.60 36373.6 38382.5 47989.2

Effective 6829.60 8084.10 8510.10 9006.0 8774.80 9097.20 8940.5 10087.2
width in m
at eleva-
tion
21 .15 m



Table 5.4 Elevation and corresponding area, Section J-14 (Ch.71.20 km)

Year
-----------------------------------------------------------------------------------------------
Elevation 1969-70 1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

(m)-----------------------------------------------------------------------------------------------
1.07 0
1.5 17.35
2.5 184.82 0
3.5 472.13 0.3'8
4.5 871. 32 71 .96 0
5.5 1317.70 310.22 0 23.09 0
6.5 1846.09 771.42 0 1.15 0 116.03 4.41
7.5 2430.08 1362.58 18.46 36.10 6.04 229.64 4-1.93
8.5 3030.20 2089.10 111.07 133.78 39.81 423.49 168.40
9.5 3658.00 2964.68 0 473.18 281.33 285.32 781 .40 757.93
10.5 4322.90 3931 .08 68.6 1225.8 581.26 965.07 1420.45 1791.09
11.5 5141.10 4959.77 515.1 2167.78 1210.41 2480.34 2594.86 3276.38

.l'> 12.5 6522.80 6081.90 1354.4 3621. 85 2552.78 4671.64 4150.79 5541. 25

.......... 13.5 8351.30 7606.90 2894. 1 5733.12 5287.93 7268.69 6249.04 8277.12
14.5 10839.00 9688.00 5137.1 8586.81 8777.17 10386.82 9043.30 11486.59
15.5 14574.50 12530.50 8244. 1 12002.76 12696.20 14507.81 12410.70 16021 .30
16.5 19679.30 16760.90 12057.1 16501 .30 17448.60 19681.80 16776.10 22461.00
17.5 26269.00 22375.00 17235.0 21708.0 23408.50 26153.40 21977.10 30122.50
18.5 35451.70 31041.60 24200.7 27529.20 31079.10 33667.40 28556.60 38528.20
19.5 47022.20 42088.20 33091.5 36346.30 40563.90 43347.10 37239.90 48829.90
19.84 52011.50 46342.00 36810.2 40682.10 44611.10 47610.40 40724.20 53267.00

Effective 15624.60 13036.6 .11605.10 13716.0 12368.0 13513.20 10751.50 13603.0
width in m
at eleva-
tion
19.84 m-----------------------------------------------------------------------------------------------



Table 5.5 Elevation and corresponding area, Section J-13 (Ch.84.70 km)

Year
-----------------------------------------------------------------------------------------------
Elevation 1969-70 1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91
1.m)-----------------------------------------------------------------------------------------------

0.24 0
1.5 10.60
2.5 0 62.816 0
3.5 0 1.61 189.46 15.82
4.5 0 6.48 33.56 0 370.95 79.38
5.5 0 24.26 32.35 105.32 98.90 603.35 207.62
6.5 0.572 296.54 77.98 264.40 349.06 896.96 438.07
7.5 198.344 900.05 143.36 551.88 699.92 1266.54 879.03
8.5 0 811. 28 1818.04 293.41 933.67 1177.03 1700.52 1521.26
9.5 9.57 1684.84 3017.24 783.70 1460.94 1816.86 2197.00 2504.81
10.5 133.90 2772.89 4541 .53 1821.26 2264.28 2610.69 2876.57 3914.48
11.5 484.10 4232.46 6469.78 3494.11 3437.31 4064.40 3850.60 5883.50

*'" 12 .5 1367.80 7144.97 9033.51 5695.31 5188.60 6147.14 5216.20 8388.40
~
N 13.5 3071.60 11228.24 11893.83 8563.90 7422.10 8942.51 7121.30 11804.40

14.5 5857.60 15658.97 15224.00 12216.50 9900.80 12162.10 9694.80 15970.00
15.5 10995.10 20343.00 19090. 10 16589.00 13006.10 15768.40 12833.00 21392.10
16.5 17553.00 25816.40 24524.90 21950.70 17226.30 20243.10 16657.50 27299.20
17 .5 25348.20 32057.20 31411.20 28547.30 22506.10 26177.40 21830.70 33709.80
18.5 34275.30 39595.10 39590.60 374773.20 29201.80 33244.50 28378.60 41811."00

Effective 9202.30 8511.40 9362.60 10131 .00 9308.10 7886.30 7076.90 10016.00
width in m
at eleva-
tion
18.5 m-----------------------------------------------------------------------------------------------



Table 5.6 Elevation and corresponding area, Section J-12 (Ch.100.50 km)

Year

-----------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------
Elevation 1969-70 1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

(m)-----------------------------------------------------------------------------------------------
3.57 0 0 0
4.5 2.64 0 0 1.79 41 .38 0
5.5 53.99 1.16 40.78 221 .70 135.60 0 80.22
6.5 152.38 66.29 190.81 696.32 254.73 13.23 304.24
7.5 362.29 332.38 602.77 1343.94 469.83 85.24 684.86
8.5 791.41 1033.28 1398.78 2254.99 896.44 220.02 1417.78
9.5 1428.48 2478.77 2645.82 3449.63 1990.40 440.56 2819.18
10.5 2465.86 4731.96 4846.08 4973.66 3646.75 1080.95 5136.76
11.5 3936.77 7709.50 8348.07 6976.77 6085.01 2494.40 8769.72
12.5 6222.00 11629.45 12924.82 10019.56 9144.75 4921.44 13375.53
13.5 9356.80 16074.36 18050.97 13796.40 12795.40 8615.76 19040.16
14.5 13417.50 21163.80 23668.50 18271.80 17221.30 13406.48 25710.30

~ 15.5 18299.00 27243.90 30264.30 23516.40 22677.30 19355.60 33300.40
~
w 16.5 23988.60 34373.20 38213.00 29915.00 28563.20 26493.00 41110.60

17.37 30352.20 42731.70 47395.20 37611.20 34241.80 34919.90 48305.50

Effective 8734.40 12159.10 12635.20 10746.40 7360.60 11058.20 9013.10
width in m
at eleva-
tion
17.37 m



Table 5.7 Elevation and corresponding area, Section J-11 (Ch.117.75 km)

Year
------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------

Elevation 1969-70 1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91
(m)-----------------------------------------------------------------------------------------------

-1 .56 0
-1 .5 0.13
0 0 0 86.45
1.5 16.29 2.84 0 426.35
2.5 58.86 0 92.78 22.85 796.04
3.5 0 135.68 0.02 286.24 100.78 1279.89
4.5 2.65 484.90 60.7 583.19 363.13 0 1896.71
5.5 0 187.09 1058.96 341 .5 1110.65 800.90 2.8 2721.40
6.5 2.70 684.54 1935.59 938.6 2085.71 1414.58 58.6 3744.27
7.5 140.8 1597.30 3153.08 2084.2 3304.60 2184.05 268.57 5078.28
8.5 451 .40 2788.69 4802.05 4122.0 4939.90 3477.49 817 .92 6704.50
9.5 1100.30 4456.04 7381.48 6968.4 7317.53 5396.84 1889.88 8649.30

.I'> 10.5 2979.4 6527.66 10914.20 10718.44 10405.9 7766.87 3545.32 11345.50
~ 11.5 5484.4 8815.67 14945.50 15522.0 13928.2 10729.3 5721.71 15170.10
.I'>

12.5 8546.7 11404.38 19743.70 20694.9 18028.9 14811.3 9184.08 20197.00
13.5 12034.10 14618.10 25403.70 26272.4 22872.9 20622.5 14676.39 26765.60
14.5 15972.9 18846.00 31666.10 32230.6 28478.3 27656.30 22036.80 34259.40
15.5 20967.9 24487.70 38206.20 39048.6 35188.6 35381.2 30616.20 42851.40
16.25 25690.5 29413.40 43958.70 44760. 1 40723.5 41497.9 37470.60 50572.00

Effective 7513.00 7318.50 8375.6 8465.6 8600.00 8711.60 9350.50 11376.90
width in m
at eleva-
tion
16.25 m



Table 5.B Elevation and corresponding area, Section J-10 (Ch.134.30 km)

Year
Elevation 1969-70

<. m)
1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

-4.88 0
-4.5 10.59
-3.5 139.82
-2.5 382.70
-1 .5 663. 10 0
0.0 1181.63 0.27 0
1.5 1816.76 96.97 0 0.02 0
2.5 2240.89 533.48 2.25 57.75 78.03 0
3.5 2683.11 1174.67 79.78 177.79 345.73 0 0.06
4.5 3156.12 2129.61 529.58 348.61 784.02 66.58 93.36
5.5 3665.90 3196.68 1389.68 677.93 1386.55 454.78 454.79
6.5 4514.90 4405.38 2535.07 1487.74 2286.57 1141.49 0 1386.53
7.5 5570.00 6029.19 4002.42 2862.72 3837.57 2203.21 26.6 2925.65..,. 8.5 6947.70 8806.31 6492.63 5597.08 6499.34 3753.15 1181.5 4935.55~

Vl 9.5 9007 .10 12616.40 9589.45 9421.28 9973.81 6336.41 3517.7 7510.63
10.5 11991 .20 17542.20 13869.28 13865.60 13763.29 9526.94 6589.5 10766.89
11.5 16155.70 23956.90 20137.90 19509.30 17814.00 13291.90 10501.5 14783.42
12.5 21173.60 31565.10 27399.50 26141.30 23189.00 17659.96 14948.2 19463.20
13.5 27469.50 40128.30 35937.00 33535.00 30138.50 23188.50 20561.1 25915.70
14.5 35374.20 50749.20 46043.00 421 11.40 39142.30 30770.10 28299.8 35145.10
15.12 44489.40 61079.10 55102.30 49770.7 46350.00 37356.70 35039.5 42769.6
Effective 18484.20 18870.30 17557.4 15048.5 12379.30 13157.70 12089.4 13662.70
width in m
at eleva-
tion
15.12 m



Table 5.9 Elevation and corresponding area, Section J-9 (Ch.142.45 km)

Year-----------------------------------------------------------------------------------------------
Elevation 1969-70

(m)
1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

-----------------------------------------------------------------------------------------------
-4.46 0
-3.5 64.79
-2.5 237.60
-1 .5 0 557.89
0 4.14 0 0 0 1164.45
1.5 0 112.14 99.63 0.33 O. 11 1878.98
2.5 0 1.35 244.77 253.81 33.44 5.60 2409.27
3.5 50.62 26.51 604.24 476.30 134.39 23.68 2995.82
4.5 384.60 281.45 1166.55 865.52 364.13 178.96 3685.47
5.5 1041 .00 1120.79 2005.79 1635.40 774.71 608.90 4468. 16
6.5 2188.35 2668.66 3175.73 3150.23 1482.92 1951.28 5511.60
7.5 3836.09 4665.99 4913.35 5752.83 2668.20 4000.82 6792.25

~ 8.5 5774.66 6996.98 7120.79 9249.71 4538.88 6723.14 8768.42
p 9.5 8105.90 9633.34 9633.30 13101.78 7405.25 10648.48 11879.9
(J\

10.5 10973.50 13198.12 12750.20 17443.00 11864.70 15951.00 15962.9
11.5 14609.74 18170.90 17550.00 22686.30 17481.0 22658.00 21111.0
12.5 19512.78 25190.50 23513.90 28890.20 24998.0 31033.10 27705.4
13.5 25746.60 34298.60 31586.70 36171.10 33991.1 40436.60 36372.1
14.00 29570.9 40008.20 36824.30 40469.00 38956.8 45736.10 41470.8

Effective 8760.9 12152.2 11250.30 9720.20 10440. 10 11171.90 10822.5
width in m
at eleva-
tion
14.00 m-----------------------------------------------------------------------------------------------



Table 5.10 Elevation and corresponrling area, Section J-8 (Ch.149.50 km)

Year
-----------------------------------------------------------------------------------------------
Elevation 1969-70 1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91
(m)-----------------------------------------------------------------------------------------------

-4.59 0
-4.5 0.28
-3.5 40.83 0
-2.50 168.40 0 9.6
-1 .5 439.26 42.61 70.13 0
0 1011.91 0 212.10 304.28 0 7.'16
1.5 1817 .42 1.33 464.23 981. 10 11 . 91 176.47
2.5 2587.16 0 78.00 853.78 1836.20 323.47 506.08 0
3.5 3395.90 91 .0. 342.74 1574.29 2885.80 911 .44 1052.25 49.7
4.5 4260.58 478.3 1015.88 2664.76 4222.15 1801.89 1751.57 674.3
5.5 5326.80 1169.7 2198.50 4158.95 5907.26 3032.58 2633.66 2143.3
6.5 6668.00 2254.6 3932.54 6161.35 7818.27 4766.26 4089.58 4170.2

~ 7.5 8255.00 4505.0 6585.61 8401 .26 9992.60 6955.08 6268.82 6748.6
,J
-.J 8.5 10221.70 8631.3 10018.71 10903.10 12498.20 9577.84 8868.53 10199.8

9.5 12858.20 13331 .6 14167.64 14290.3 15414.00 12900.11 12069.80 14519.9
10.5 16125.00 18350.6 19666.80 18283.5 19045.20 16724.10 16246.60 19411.0
11.5 20048.20 23812.8 26654.10 23215.8 23552.2 21276.30 21436.40 25754.2
12.5 24731.00 30291.1 34079.80 29023.0 28973.0 27638.40 27913.20 33855.8
13.23 28898.00 35586.2 39802.70 33896.00 34039.7 33656.80 33373.40 40683.4

Effective 6723.50 7861 .4 8084.0 7192.3 8565.7 9255.70 8428.30 10230.4
width in m
at eleva-
tion
13.23 m-----------------------------------------------------------------------------------------------



Table 5.11 Elevation and corresponding area, Section J-7 (Ch.162.35 km)

Year-------------------------------------------------------------------------~---------------------
Elevation 1969-70
(m)

1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

-----------------------------------------------------------------------------------------------
-13.26 0 0
-12.5 23.17 2.633
-11 .5 102.851 29.123
-10.5 204.163 78.441
-9.5 326.440 136.801
-8.5 0 469.681 203.403
-7.5 22.42 633.652 278.248
-6.5 116.47 814.162 361.909
-5.5 252.96 1012.401 459.017
-4.5 431.50 0 1235.07 568.823 0
-3.5 659.72 9.42 1482.47 689.03 0.72
-2.5 939.62 42.87 0 1754.61 829.04 19.32

,I::> -1 .5 1268.78 91 .93 16.19 2050.46 1002.81 63.03
..., 0 1851.83 201.09 0 136.84 2575.75 1355.13 175.72
CD 1.5 2566.20 513.94 150.88 449.58 4015. 14 1811.24 414.44 0

2.5 3111.60 832.10 370.83 785.25 5562.26 2154.95 715.98 94.73
3.5 3763.20 1360.02 850.23 1290.39 7626.94 2530.78 1133.05 365.02
4.5 4631.60 2476.18 2066.21 2439.03 10135.11 2967.24 1726.00 832.93
5.5 5774.60 3955.33 3754.48 5074.03 13745.78 3716.42 2771.62 1658.45
6.5 7391.00 5970.80 5715.40 8729.52 18555.67 4931.69 4396.60 3239.05
7.5 9470.00 8589.20 7865.09 12480.54 24272.20 6648.70 7253.30 5436.72
8.5 12116.70 11574.20 10347.06 16337.0 30922.2 9024.4 11009.90 8084.82
9.5 15350.50 15065.10 13488.49 20810.4 38278.6 12136.0 15438.00 11651.47
10.5 19126.60 19210.6 17935.30 26140.8 46419.5 16142.9 20674.50 16162.50
11.5 23742.60 24028.5 23422.50 32513.8 55980.4 21123.8 26944.90 21730.70
12.5 29707.80 30001 .2 30038.70 40435.6 67398.0 27729.7 34752.10 28764.10

Effective 7221.40 7887.9 8149.6 9576.5 12400.2 7960.3 9009.30 8742.6
width in m
at eleva-
tion
12.50 m-----------------------------------------------------------------------------------------------



Table 5.12 Elevation and corresponding area, Section J-6 (Ch.177.70 km)

Year
-----------------------------------------------------------------------------------------------
Elevation 1969-70 1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

(m)-----------------------------------------------------------------------------------------------
-6.19 0 0
-5.5 0 0.65 37.36
-4.5 27.81 15.23 238.42 0
-3.5 177.35 49.24 0 594. 17 0 13.75
-2.5 471.05 146.64 209.28 1110.36 37.83 76.53
-1 .5 866.61 0 339.59 1004.69 1730.62 0 260.42 166.42
0 1573.51 57.77 765.53 2477.41 3139.14 14.83 852.85 357.60
1.5 2420.10 714.90 1677.78 4180. 10 5904.08 321.77 1764.73 1210.46
2.5 3062.11 1359.06 2498.25 5453.97 8125.65 715.99 2624. 18 2199.14
3.5 3787.15 2087.52 3414.44 6965.72 10457.90 1413.26 3640.74 3412.85
4.5 4734.04 2985.34 4400.60 8642.76 12944.00 2629.68 4832.36 4863.44
5.5 6090.60 4018. 10 5453.0 10420.62 15597.90 4308.11 6138.66 6575.45

..,. 6.5 7983.00 5818.78 6647.9 12445.36 18354.50 6595.73 7534.72 8885.90
.....• 7.5 10138.70 8557.96 8063.3 14555.6 21220.60 9336.21 9030.10 10992.6
~ 8.5 12747.00 11734.81 9781 .00 16815.7 24439.40 12998.87 10771.80 14101.1

9.5 16245.20 15029.20 .12060.7 19463.8 28192.0 17078.70 13488.60 18366.8
10.5 21366.70 19253.00 16322.2 23006.7 32761.7 21611.40 17430.20 23550.6
11.50 28826.40 25310.60 23891.7 29388.7 40531.9 27886.40 22724.00 30530.9
11.70 30975.30 26896.80 25962.4 31280.0 42952.2 29590.40 24207.20 32367.6

Effective 12221.20 8525.2 10902.8 10465.2 12747.9 8942.0 7921.40 9586.7
width in m
at eleva-
tion
11.70 m-----------------------------------------------------------------------------------------------



Table 5.13 Elevation and corresponding area, Section J-5 (Ch.188.20 km)

Year
-----------------------------------------------------------------------------------------------
Elevation 1969-70
(m)

1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

-----------------------------------------------------------------------------------------------
-10.87 0
-10.5 1.096
-9.5 15.029
-8.5 44.977
-7.5 90.941
-6.5 0 152.919
-5.5 1.89 230.912 0
-4.50 25.91 325.631 0 68.21
-3.5 77.57 443.277 1.3 281.23
-2.5 212.59 592.273 551 .8 555.99 0 0
-1 .5 471.14 883.60 1690.8 900.55 34.17 21.40 0
0 1008.84 1584.10 4132.2 3243.70 570.26 0 179.81 3.8
1.5 1697.70 2547.2 7378.7 7886.93 1661.16 267.1 636.61 598.1

,l::> 2.5 2275.43 3401.6 10067.3 11098.66 2579.15 786.2 1243.13 1604. 1
i\.l 3.5 2966.06 4410. 1 13066.0 14445.14 3569.26 1526.5 2310.32 3230.00

4.5 4010.00 5720.3 16480.5 18165.06 4914.37 3005.6 3942.67 5348.50
5.5 5475.40 8252.5 20295.9 22486.7 6907.55 5386.2 6329.64 7918.10
"6.5 7442.40 11966.1 24593.4 27189.5 9428.69 8409.3 9409.79 11165.3
7.5 9752.80 16664.1 29270.9 32264.6 12381.13 11977.9 13200.73 15041.6
8.5 12985.40 21711.4 34503.2 38165.5 15933.70 15980.2 17843.20 20215.0
9.5 17555.70 27497.8 40078.7 44454.6 20927.50 20609.1 22996.70 26348.7
10.5 23951.10 34362.0 46553.1 51890.3 28142.10 27644.0 29126.60 33689. 1
19.94 28270.40 37941.0 50425.1 56075.9 32915.50 32045.0 32411 .90 37411.6

Effective 12403. 10 8598.8 10330.9 10767.8 12292.2 11078.2 8192.60 9230.10
width in m
at eleva-
tion
19.94 m
-----------------------------------------------------------------------------------------------



Table 5.14 Elevation and corresponding area, Section J-4 (Ch.201.30 km)

Year------------------------------~----------------------------------------------------------------
Elevation 1969-70
1.m)

1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

-----------------------------------------------------------------------------------------------
-10.12 0
-9.5 5.311
-8.5 36.522 0
-7.50 0 126.835 9.89
-6.5 54.54 286.762 129.49
-5.5 0 347.84 466.265 0 0 316.70
-4.5 2.49 719.90 659.136 24.99 7.42 529.32
-3.5 55.14 1174.75 865.374 148.76 273.98 767.33 0
-2.5 178.45 1720.51 1085.379 345.32 905.30 1030.73 0.28
-1 .5 378.17 2353.67 1338.339 0 981 .51 1717.61 1319.52 11.86
0 916.58 3466.20 1805.8 96.62 2735.82 3194.23 1841.98 97.61
1.5 1959.03 4802.04 2559.8 1067.54 4853.35 5144.04 2703.80 618.74.,. 2.5 3002.96 5802.47 3589.5 2246.44 6800.05 6705.16 3681.60 1584.48

l\J...., 3.5 4562.23 6903.60 5154.2 4032.48 9241.60 8342.32 5292.20 3130.43
4.5 6548.03 8459.60 7384.0 6447.54 12021 .68 10038.02 7382.10 6154.43
5.5 8989.00 10468.20 10121.4 9213.05 14904.20 11783. 10 9843.50 10374.05
6.5 12196.40 13009.60 13156.5 12130.65 17991.20 13656.60 12834.70 14773.55
7.5 16443.50 16156.90 16804.5 15480.99 21798.60 15833.00 16361.90 19596.00
8.5 22269.30 19904.00 20912.4 19433.05 26088.30 18431.20 20313. 10 24865.60
9.5 35396.40 24806.30 25766.9 24260.10 31118.10 22807.0 24837.80 30612.40
10.15 46194.60 28190.80 29736.9 28127.0 35030.40 27634.5 28477.70 35159.40

Effective 17342.20 5461 .30 6661 .9 6521 .6 6664.60 8142.60 5947.10 7828.40
width in m
at eleva-
tion
10.15 m-----------------------------------------------------------------------------------------------



Table 5.15 Elevation and corresponding area. Section J-3 (Ch.213.20 km)

Year
-----------------------------------------------------------------------------------------------
Elevation 1969-70
(m)

1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

-----------------------------------------------------------------------------------------------
-10.04 0
-9.5 3.713
-8.5 30.202
-7.5 82.165 0
-6.5 156.145 75.18
-5.5 0 248.66 282.49 0
-4.5 14.79 362.594 560.65 7.33
-3.5 0 78.05 0 530.448 0 937.72 80.78
-2.5 30.07 178.21 664.3 741.342 131.79 0 1489.65 205.66
-1 .5 270.30 301 .03 2356.7 1209.107 595.20 13.45 2228.07 393.96
0 1478.94 724.56 5555.4 2358.4 1949.46 353.35 3662.23 1296.46
1.5 3472.54 1795.39 9526.0 4189.3 4062.04 1860.34 5856.68 3705.24

~ 2.5 5070.63 2927.69 12571.4 5999.5 5991.40 3538.79 7784.54 6273.43
I\J
I\J 3.5 6818.02 4645.80 16217.6 8454.4 8596.60 5775.86 10288.20 10811.50

4.5 8852.52 7317.65 20619.9 12595.2 11620.74 8402.68 13992.70 16480.52
5.5 11099.20 10917.50 25765.0 17913.9 14902.62 11341.20 19005.40 22591.80
6.5 13580.85 15086. 10 31310.2 23859.5 18419.52 14895.48 24767.70 28880.60
7.5 16437.70 20757.30 37425.5 30144.7 22693.70 19574.79 32401 .20 35614.0
8.5 20289.20 27478.20 44225.6 37169.7 29432.40 25520.50 41694.90 43291 .30
9.39 25868.30 34347.50 51466.8 44427.9 36694.80 32325.30 51917.80 50886.70

Effective 7814.30 8928.0 9100.8 8928.9 8809.3 8462.5 12383.30 8895.4
width in m
at eleva-:-
tion
9.39 m-----------------------------------------------------------------------------------------------



Table 5.16 Elevation and corresponding area, Section J-2 (Ch.223.20 km)

Year-----------------------------------------------------------------------------------------------
Elevation 1969-70

(m)
1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

-----------------------------------------------------------------------------------------------
-11 .04 0
-10.5 2.681
-9.5 21 .808
-8.5 59.326
-7.5 0 0 115.236
-6.5 0.99 55.78 189.537 0
-5.5 0 191.27 0 252.75 292.991 9.15
-4.5 242.95 517 .69 2.2 527.36 461.629 0 140.29 0
-3.5 676.95 926.31 72.36 862.76 714.187 0.02 359.00 29.47
-2.5 1490.57 1457.58 319.34 1233.92 1148.95 45.05 727.48 145.75
-1 .5 2618.77 2239.95 871.84 1762.22 1842.60 195.52 1287.20 505.63
0 4828.11 3858.04 2675.97 3110.74 3556.00 559.80 3158.07 1692.58

~ 1.5 7248.97 6682.32 5426.03 5780.03 6121 .80 1771.71 6273.83 3874.72
N
w 2.5 8926.36 9919.72 7690.26 8637.65 6518.00 3615.64 9172.62 6893.34

3.5 10656.07 14375.60 10428.01 12389.5 11350.80 6124.77 12279.05 10752.16
4.5 12432.95 19586.90 13521.81 16803.30 14709.60 9037.24 15451.80 15020.10
5.5 14278.80 26012.20 17093.10 21575.10 18636.50 12890.19 18679.70 19372.62
6.5 16764.80 33533.00 21471 .80 26867.70 22937.20 18557.70 21962.70 23776.30
7.5 20294.80 41620.40 26717.90 32940.40 28112.40 25765.50 25386.50 28340.30
8.5 26878.70 50508.30 33186.50 40003.10 35347.70 34328.20 29429.80 33504.7
8.66 28501.10 52151.10 34473.80 41351.5 36868.10 35849.40 30227.50 34466.6

Effective 10598.60 10450.4 8198.7 8593.10 9743.7 9623.80 5259.70 6456.6
width in m
at eleva-
tion
8.66 m-----------------------------------------------------------------------------------------------



Table 5~18 Area and Correspcnding E1.evatim, sectim J-17, (01. 25.00 ~.)

:Area and Year
:E1evation

1969-70 1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

:1<Y6 of
:Total Area (mZ ) 2360.12 3127.94 3879.52 3053.70 3158.99 3224.64 3216.47 2293.37
,,
:E1evation (m) 16.64 18.27 17.03 15.72 16.75 17.56 17.67 17.45

:5% of
:Total Area (m2 ) 1180.06 1563.97 1939.76 1526.85 1579.495 1612.32 ,1608.235 :1146.685

:E1evation (m) 15.78 16.80 16.08 12.47 15.65 16.29 16.46 15.99

Table 5.19 Area and Correspmding E1.evaticn, secticn J-16, (01. 37 .10 ~.)

:Area and Year
:E1evation

1969-70 1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

: 1<J!6 of
:Total Area (m2) : 3422.35 3362.69 3248.91 2770.30 3493.23 3824.53 2898.41 3413.64
,,
:E1evation (m) 14.76 15.89 16.61 15.39 14.01 13.80 13.26 15.66

:596of
:Total Area (mZ) :1711.175 ,1681.345 1624.45 1385.15 ,1746.615 1912.265 1449.205 1706.82

:E1evation (m) 13.56 14.83 15.33 13.40 12.54 11.97 11.12 13.93

Table 5.20 Area and Correspmding E1.evaticn, secticn J-15, (01. 55.65 ~.).

:Area and Year
:E1evation

1969-70 1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

:1<Jl6of
:Total Area (m2 ) 2862.60 4505.60 3544.86 3577.38 3650.16 3637.36 3838.25 4798.92

:E1evation (m) 13.91 13.87 14.22 13.02 14.17 14.43 13.14 12.86

:596of
:Total Area (m2 ) 1431.30 2252.80 1772.43 1788.69 1825.08 1818.68 1919.125 2399.46

:E1evation (m) 12.76 12.75 12.78 11.39 12.40 13.23 10.29 11.28
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Table 5.21 Area and CoITeSlXIldinq Elevaticn, secticn J-14, (Ch. 71. 20 Kin.)

:Area and Year
:Elevation

1969-70 1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

:1<J16 of
:Total Area (m2 ): 5201.15 4634.20 3681.02 4068.21 4461.11 4761.04 4072.42 5326.70

:Elevation (m) 11.54 11.18 13.85 12.71 13.20 12.53 12.45 12.40

:5% of
:Total Area (m2 ) : 2600.575 2317.10 1840.51 :2034.105 :2230.555 2380.52 2036.21 2663.35

:Elevation (m) 7.78 8.76 12.82 11.36 12.26 11.43 11.02 11.09

Table 5.22 Area and Correspcnding Elevaticn, sectioo J-13, (Ch. 84.70 Kin.)

:Area and Year
:Elevation

1969-70 1976-77 1977-78 1978-79 : 1981-82 1986-87 1988-89 1990-91

:1<J16of
:Total Area (m2 ) 3427.53 3959.51 3959.06 3747.32 2920.18 3324.45 2837.86 4181.10

:Elevation (m) 13.63 11.31 10.12 11.62 11.06 10.99 10.44 10.64

:5% of
:Total Area (m2) : 1713.765 11979.755 1979.53 1873.66 1460.09 :1662.225 1418.93 2090.55

:Elevation (m) 12.70 9.77 8.63 10.53 9.50 ~L26 7.85 9.08

Table 5.23 Area and Correspcnding Elevatioo, secticn J-12, (Ch. 100.50 Kin.)

:Area and Year
:Elevation

1969-70 1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

:HJl6of
:Total Area (m2 ) 3035.22 4273.17 4739.52 3761.12 3424.18 3491.99 4830.55

:Elevation (m) 10.89 10.30 10.45 9.70 10.36 11.91 10.37

:596of
:Total Area (m2 ) 1517.61 2136.585 2369.76 1880.56 1712.09 1745.995 2415.275

:Elevation (m) 9.58 9.26 9.28 8.09 9.24 10.97 9.21
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Tab1e5.24 Area and Q)rrespcnling Elevatim, sectim J-11, (01. 117.75 KIn.)

:Area and Year
:Elevation

1969-70 1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

:lOt of
:Total Area (m2 ) 2569.05 2941.34 4395.87 4476.01 4072.35 4149.79 3747.06 5057.20

:Elevation (m) 10.28 8.59 8.25 I 8.62 7.97 8.85 10.59 7.48

:5% of
:Total Area (m2) 1284.525 1470.67 :2197.935 2238.005 ,2036.175 :2074.895 1873.53 2528.60

:Elevation (m) 9.60 7.36 6.72 7.57 6.45 7.36 9.48 5.27

Table 5.25 Area and Q)rresprnding Elevatim, sectirn J-I0, (01. 134.30 KIn.)

:Area and Year
:Elevation

1969-70 1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

: 1<Jl6 of
:Total Area (m2 ) 4448.94 6107.91 5510.23 4977.07 4635.00 3735.67 3503.95 4276.96

:Elevation (m) 6.42 7.53 8.10 8.27 7.80 8.49 9.49 8.17

:5% of
:Total Area (m2) : 2224.47 :3053.955 2755.115 2488.535 2317.50 1867.835 1751.975 2138.48

:Elevation (m) 2.46 5.37 6.65 7.23 6.52 7.18 8.74 6.99

Table 5.26 Area and Q)rrespcnling Elevatirn, sectirn J-9, (01. 142.45 KIn.)

:Area and Year
:Elevation

1969-70 1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

: 1<Jl6 of
:Total Area (m2) : 2957.09 4000.82 3682.43 4046.90 3895.68 4573.61 4147.08

:Elevation (m) 6.97 7.17 6.79 6.84 8.16 7.71 5.09

:5% of
:Total Area (m2 ) 1478.54 2000.41 1841.215 2023.45 1947.84 :2286.805 2073.54

:Elevation (m) 5.88 6.07 5.30 5.76 6.89 6.66 1.87
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Table 5.27 Area and Correspcnding Elevatiro, sectiro J-8, (<11..149.50 lim.)

:Area and Year
:Elevation

1969-70 1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

:10\; of
:Total Area (m2 ) 2889.80 3558.62 3980.27 3389.60 3403.97 3365.68 3337.34 4068.34

:Elevation (m) 2.87 7.08 6.52 4.98 3.89 5.69 5.98 6.45

:5% of
:Total Area (m2 ) 1444.90 1779.31 :1990.135 1694.80 :1701.985 1682.84 1668.67 2034.17

:Elevation (m) 0.81 6.06 5.32 3.61 2.34 4.37 4.38 5.42

Table 5.28 Area and Correspcnding Elevatioo, secticn J-7, (<11..162.35 lim.)

:Area and Year
:Elevation

1969-70 1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

:1<Jl6of
lTotal Area (m2) I 2970.78 3000.12 3003.87 4043.56 6739.80 2772.97 3475.21 2876.41

lElevation (m) 2.24 4.85 5.05 5.10 3.07 4.05 5.93 6.27

:596of
:Total Area (m2) : 1485.39 1500.06 :1501.935 2021.78 3369.90 1386.485 :1737.605 1438.205

:Elevation (m) -0.94 3.62 4.03 4.14 0.83 0.10 4.51 5.23

Table '5.29 Area and Correspcnding Elevaticn, secticn J-6, (<11..rn.2O lim.)

:Area and Year
:Elevation

1969-70 1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

:1<Jl6of
:Total Area (m2 ) 3097.53 2689.68 2596.24 3128.00 4295.22 2959.04 2420.72 3236.76

:Elevation (m) 2.55 4.17 2.61 0.38 0.63 4.70 2.26 3.35

:5% of
:Total Area (rnZ ) 1548.765 1344.84 1298.12 1564.00 2147.61 1479.52 1210.36 1618.38

:Elevation (m) -0.05 2.48 0.87 -0.93 -1.06 3.55 0.59 1.91
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Table S. 30 Area and Corresprnding Elevatim, Seetirn. J-5, (01. 188.20 KIn.)

:Area and Year

:Elevation
196~70 197&-77 1977-78 1978-79 1981-82 198&-87 1988-89 1990-91

:10% of
:Total Area (nil ) 2827.04 3794.10 5042.51 5607.59 3291.55 3204.50 3241.19 3741.16

:Elevation (m) 3.30 2.89 0.42 0.76 3.22 4.58 4.07 3.74

:5% of
:Total Area (nil ) 1413.52 1897.05 :2521.255 :2803.795 1645.775 1602.25 1620.595 1870.58

:Elevation (m) 0.88 0.49 -{).99 -{).28 1.48 3.55 2.85 2.66

Table 5.31 Area and Corresprnding Elevatirn., section.1-4, (01. 201.30 KIn.)

:Area and Year

:Elevation
196~70 197&-77 1977-78 1978-79 1981-82 198&-87 1988-89 1990-91

:10% of
:Total Area (nil ) 4619.46 2819.08 2973.69 2812.70 3503.04 2763.45 2847.77 3515.94

:Elevation (m) 3.53 -{).87 1.90 2.82 0.54 -{).44 1.65 3.63

:5% of
:Total Area (nil ) 2309.73 1409.54 1486.845 1406.35 1751.52 1381.725 1423.885 1757.97
I
I

:Elevation (m) 1.83 -3.07 -1.02 1.79 -{).84 -1.91 -1.20 2.61

Table 5.32 Mea and Corresprnding Elevatioo, sectioo J-3, (01. 213.20 KIn.)

:Area and Year

:Elevation
196~70 1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

:l<Y6of
:Total Area (nil) : 2586.83 3434.75 5146.68 4442.79 3669.48 3232.53 5191.78 5088.67

:Elevation (m) 0.83 2.79 -{).19 1.64 1.22 i.32 1.04 2.04

:5% of
:Total Area (nil ) :1293.415 :1717.375 2573.34 2221.395 1834.74 :1616.265 2595.89 :2544.335

:Elevation (m) -{).23 1.39 -1.40 -{).18 -{).D 1.26 -1.11 0.78
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Table 5.33 Area and Corresprndinq Elevatirn, sectirn J-2, (Cb. 223.20 KIn.)

:Area and Year
:Elevation

1969-70 1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

:1<J.16of
:'Ibtal Area (m2 ) 2850.11 5215:11 3447.38 4135.15 3686.81 3584.94 3022.75 3446.66
I
I

:Elevation (m) 1.34 0.72 0.42 0.57 0.08 2.48 ~.11 1.20

:596of
:'Ibtal Area (m2 ) :1425.055 2607.555 1723.69 :2067.575 :1843.405 1792.47 :1511.375 1723.33

:Elevation (m) -2.58 -1.16 ~.79 -1.16 -1.50 1.51 -1.32 0.02

Table 5.34 Area and Corresprndinq Elevatirn, sectirn J-l, (Cb. 230.75 KIn.)

:Area and Year
:Elevation

1969-70 1976-77 1977-78 1978-79 1981-82 1986-87 1988-89 1990-91

:1<J.16of
:'Ibtal Area (m2 ) 3634.26 3694.09 4015.92 4370.62 4229.12 3928.00 6741.91 3382.22

:Elevation (m) -1.18 -2.31 -2.00 ~.65 0.01 -1.10 ~.95 1.53

:5% of
:'Ibtal Area (m2 ) 1817.13 :1847.045 2007.96 2185.31 2114.56 1964.00 3370.955 1691.11

:Elevation (m) -2.67 -4.27 -3.74 -1.94 -1.52 -2.38 -1.96 0.45
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Table .5. 35.1, 5....35.2 and 5.._l5-...3-.

Distance and correspondin~ area, ,J-17 (Ch. 25.00 kml

Year 1,969-70

:Distance ,:\re a
(m) (m)

0 0
397.17 28.20

1445.36 28.20
1.671.22 1130.10
2155.85 1844.80
3011. 42 1844.80
3195.83 2880.00
3686.25 5988.7r:i
4192.22 10213.95
4670.1r:i 12:')33.30
5458.36 12533.30
5689.40 1335:').36
6169.15 16683.82
6658.36 ,- 21091.87
7193.89 23592,56
7224.37 23625.20
8197.90 23625.20

* Year 1.976-77 -l't Year 1977-78
'Jf- t-

ot Distance Area l7t Distance .:\rea
(m) (m)

11."
(m) (ml

;f-
0 0

1*
0 0-+ 257.56 0 607.47 41 .:')0

'f
379.48 45. 70I 1142.39 41 .:')0

1.300.28 4:').70 ~ 1652.93 1731 .80
-t 1632.81 1988.90, 2164.99 2r:i04. 2D
l' 2139.09 2870. 10I~ 26R1.21 5041.RO

2621.r:i8 4262.80 3137.00 8943.90
.If 310r:i.30 7147.90i* ::\R:n.79 99r!0.70
i' 3620.41 8602.70. 4133.09 10103.00

4138.27 8R62.r:iOI~ 4R42.10 122 r:ir:i.40
:r 4636.01 1102r:i.~J01"* 5072.18 1r:ifi83.80
'l<-

5147.77 14481.36, r:i487.92 17900.00
5604.05 1623::\.10l~ 5929.27 214r:i0.47

.", 6027.42 17778.7r:i 6299.30 24713.22
6657.74 20159.91\* 6730.29 27613.00

4- 7134.45 21720.92\:¥" 7214.92 29::\78.68
7693.15 23500.41 7709.00 2996] .R7,

* 8092.74 2440fi.281 * 8253.98 306r:i6.r:i8
*' 8650.22 25864.66. 8597.]9 31764.07

9087.31 27539.121~ 8767.27 32717.26
:t 9581.08 29904. 5f). 896r:i.39 33719.93

10158.07 31301.10 I ~ 9194.90 34867.13
.". '''f' 9r:i22.56 37130.12
X I 9759.70 38315.98

i~ 9905.09 38814.67
'i ',-:If 10158.98 38829.10

1t
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Table 5.35.4 , ~J~ ann 5.35.6

Distance and corresponding area, J-17 (Ch. 25.00 km)

Year 1978-79

Distance Area
(m) (m)

0 0
684.28 0
775.72 22.4~

1132.33 22.40
1459.08 2215.50
1953.77 4738.7~
2496.92 f1433.RO
2963.57 8433.20
3432.35 9f185.90
3965.75 9806.fiO
4443.68 11636.64
4929.84 12424.52
5428.79 13088.34
5965.85 1399:1.50

, 6432.80 18f108.80
6970.17' 23828.68, 7465.47 26458.49
7972.04 28237.17
8398.76 28532.82
8583.17 28533.44
8952.01 28562.70
9438.13 29683.33
9932.21 30195.57

10237.01 30597.00
10471.71 30597.00

'of
.,:;.
:~

Year 1981-82

Distance Area
(m) (m)

0 0
839.72 0
953.11 698.30

1452.07 3381.80
1939.14 7191.00
2423.1fi 8fi01.40
2955.95 9603.fiO
3455.:12 13493.44
3917.:19 15563.03
4383.94 1fi044.85
5921.fi:1 1fi644.85
5942.38 1.6704.fi4
fi419.39 20553.fi8
6929.32 25138.04
7414.2fi 27505.f12
7904.fi8 29669.48
8228.08 30565.01
8538.67 30565.01
8941.31 31240.93
9261.35 31643.34

10472.01 31647.00

.".~.

Year 1986-87

Distance Arp.8
(m) (m)

0 0
344.51 1005.')0
R4fi.90 334fi.00

12fi5.24 5458.80
183fi.89 6087.20 '
2345.43 757f1.30
2778.05 10293.70
32fiO.Oo 11810.10
3810.37 14899.41
4350.30 10105.10
4fi93.90 1fi749.93
5272.87 17942.04
5843.fiO J9980.24
fi2fifi.77 21078.38
fi7fiO.fi7 23859.50
7310.0fi 27951.f12
7835.98 28385.73
8281.JO 2895J.07
8800.00 30388.59
9336.89 3J022.43
9957.32 31700.52

10353.66 32346.30
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Table .5.35 •.7 and 9.35.8

Distance and corresponding arpa, J-17 (Ch. 25.00 kml

Year 1988-89

Distance Area
(m) 1m)

0 0
250.00 0
750.13 99.60
227~.01 99.60
28114.18 150.00
3455.06 715.70
38114.35 793.00
45411.32 4945.20
4955.32 7235.110
5410.15 Sl218.30
58R5.84 9327.RO
11455.87 111511.70
6Sl10.41 13244.55
7274.1R 13775.63
795R.12 153RO.32
8410.117 1111188.51
8910.7R 17R85.52
9592.72 22735.64
99511.47 25174.5R
10342.85 27570.26
10865.56 29952.14
11479.36 31272.49
11922.73 32016.81
12252.40 32467.80
13957.16 32467.80

.1' :;r.

* ';f.
':1': .*
;11' ;~
* '.'{

-i- '*
'~ r
':'f ;,+

'f '1-

,;1: +
7t .,f

~ )f:-

~ ,.t'

.;+ *
'* :¥

.=f 9f,

-'f *-t *'
'"*- -*

Ypar 1990-91

Distance Area
(m) (m)

0 0
1112.00 0
1331.20 1117.40
1816.20 2292.90
2351.50 257(1.110
2825.00 2720.80
3277.00 3075.92
~811.00 35116.0Sl
425Sl.00 4889.03
48211.00 8194.82
5277.00 12085.05
5800.00 12R42.80
R307.00 13222.72
11787.42 14329.311
72511.81 15177.08
7789.711 17053.22
8328.20 17490.25
81175.113 171125.03
Sl2111.93 18587.41
9787.22 21021.08
10221.90 229110.80
11337.00 22960.80
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Table .5.36.1, 5.36.2 ancl 5.36.3

Distance ancl corresponcling area, J-16 (Ch.~7.10 km)

Year 1969-70

Di'stance Area
(m) (m)

0 0823.57 24.0
1301.19 4216.70
1830.63 7700.80
2274.42 8155.40
2827.63 J 00 '0' 20
3319.27 11165.50
3835.60 11379.60
4337.91 lfi070.54
4783.53 20629.44
5286.15 23133.31
5813.45 25700.25
5978.90 2fi7fi8.47
'6931.15 2fi7fi8.47
7323.43 27fi30.70
7809.58 30124.08
8347.25 30975.07
8837.08 3185fi.41
9569.19 31856.41
9732.57 . 3~O 1'1- 17
10353.45 32017.17
19778.95 32805.54
11272.72 32992.32
11847.88 33213.33
12328.24 34153.11
12749.48 34394,40
13351.76 34394.40

Year 1976-77

Dist~rice .f!..rea
1m) (m)

0 a1493.82 0
2118.66 3724.80
2534.41 6152.40
3097.07 9489.40
36/2.. .•79 13577 -70
4100.47 15025.71
4476.90 15364.08
5019.45 15364.08
5519.62 16623.68
6072.23 20934.66
6595.87 24111.73
7091.78 24151.60
7580.07 24472.24
8124.14 24709.fi8
8fi24.93 25039.07
9088.53 27253.87
9598.15 29626.71
10085.83 31219.93
10597" 59 3~?'-0350 36
11004.50 32181 .3.4
12385.15 32181.34,
12609.88 32345.80
13069.82 32609.95
13612.98 32949.63
14112.24 33594.60
14468.25 33664.71
15128.14 33fi68.60

-

Year 1977-78

nistancJ.
" ,f!..rea

(m) (m)

0
~586.74

1136.60 0
1619.71 669.00
2073.25 2545.30
2b:3 5""9 J 5837.90
4139.79 14925.02
4fi49.11 16798.01
5147.16 18863.11
5651 .30 21072.63
6125.87 22293.96
6646.16 24538.52
7059.47 24582.90
7620.30 24973.65
8121.70 24998.34-
8647.79 26014-.77
9147.05 27997.89
9629.55 28891.69
10151.36 30507.42
r 0(;62 "S2. 31115' 12
11104.78 31204.34fi
12128.60 31204.34fi
12626.04 31478.498
131:n.79 31550.324
13647.42 32045.371
14120.77 32513.194
14639.24 32579.564
14825.78 32579.564
15154.35 32586.300
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Distance and corresponding area, J-1~ Irh. ~7.10 kml

YPAr 198~-87 I

Distance .~reA
(ml (m)

0
~1125' 61

,4 2g '96 (?qg. 60
1874.09 3750" 70
2440.24 7;33 -90.
2977.13 13293.30
3444.5] 19607.30
3964.33 23919.76
4430.79 26835.1]
4686.89 28332.56
:')414.94 28332.5~
5940.8:') 29350.69
~457.62 31803.88
6921.34 32523.20
7484.7~ 33297.57
8051 .52 33297.:')7

I 8388.42 33489.:')2.
8623.17 33698.53
9188.72 33698.53
9311 .28 33784.41
9967.~8 3507:,),37
10417.07 35~~3.98
109~4.63 37019.07
11112.20 37:')96.47
11772.2~ 3759fi.47
11833.23 37fiOR.:n
1219fi.04 ~7fiO:').31
12470.43 37775.5:')
12900.92 37775.55
13437.50 3817fi.38
1393fl.28 38204.74
14239.33 38305.55
14778.66 3830:').55
14970.73 38327.8

YPAr 1981-82 -
Distancp Area

(m) ( m )
0 8142& -77

16'31'08 604:]'20
2145.18 28~0. 50
2591.10 7062.00
3127.25 9074.80
3645.41 10130.80
4141.02 14798.20
4557.06 1904~.35
4715.56 19977.79
5012.44 19977.79
5645.51 20638.69
6114.59 24044.11
6649.82 28409.32
7114.34 2945~.23
7614.:')1 29533.61
79:')7.41 29550.68
8582.2:') 29:,)50.~8
8643.21 29~:,)2.~4
9100.41 30602.70
9fi24.fi7 3]924.90
10173.31 "3 263~. 0:')
12209.98 32639.0:')
12636.70 32945.~8
13128.04 33511.28
13649.2:') 3424:').13
14103.10 34476.34
14676.73 34918.81
15154.96 350~2.90

Year 1978-79

Distance .!1,rea
1m) 1m)

0 0
121.~9 2~ 0 '\0
62.8.93 2225" ''EO
1127.89 ~949. 20
1579.93 9630.78
2098.34 10702.68
2568.89 112~~.12
3101.77 13935.35
3622.31 15199.73
4115.90 16416.24
4625.83 1719~.2~
5112.38 21250.01
5581. 17 21852.64
5903.10 21874.97
6256.39 21874.97
6559.06 21899.18
~976.11 21899.18
7663.10 235~8.06
8204.67 25385.35
8651.96 26135.88
9102.28 26135.88
9569.~5 26337.57
9896.71 26415.95
9991.53 20421.0:11

11344.69 26421.63
11466.06 26438.01
11812.74 26438.01 .
12089.62 27007.92
12556.03 27819.42
12918.80 27819.42
12989.30 27844.55
13628.62 27853.6
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'T'.'lble5.36 •.7 .'lnrl5.36.8

Dist.'lnce .'lnrlcorresponrltngarea, J-16 ICh. ~7.10 km)

Ye.'lr 1~Hl8-89

Dist.'lnce Are.'l
( m) (m I

9 ~303.83
958.02 775.70

1425.55 3015.00
1729.09 4125.30
2360.03 7298.00
3878.91 19925.50
4322.88 21892.53
4836.93 21892.53
5421.63 23047.83
5748.15 23456.90
6544.53 23789.37
6916.38 23793.52
7360.35 24551.70
7851.14 2495fi.34
8412.01 25016.26
8902.79 25016.2fi

- 9533.72 25092.02
10421.38 28994.5fi
11473.02 28994.56
11940.26 291~8.~fi
12407.50 29471.44
13225.38 29471.11 .
13926.38 2953fi.40

~ "*
~ ~

~ +

* ¥

~ *
.;r "*
~ *
4' ")f

~ ~

4- ~
-t- '*
~ '*
~ ¥

'* ~

* "*
'if ~

~ *~ ot'

Year 1990-91

Dist.Ance Area
(m I 1m)

Q 0fi45.00 400.50
1 195 .00 1176.80
2945.00 1189.00
3181.fi5 12fi1.60
3064. :W 2753.30
4040.45 3423.70
463fi.90 4672.50
4908.00 5299.00
6242.00 5299.00
6644.14 5380.30
7184.14 5464.20
7680.64 5671.20
8fi34.90 6307.00
9195.98 8329.70
9fi72.90 938fi.oO

1009fi.90 11971.40
10733.55 1fi1 25 .'40
11217.30 18983.40
11662.30 22352.40
12185.85 28218.~4
12fifi2.78 29861.4::\
13112.78 ~0308.73
13719.80 ::\1117.71
14164.05 3::\398.51
142fi2.40 ::\4254.1::\
15062.00 34254.13
15195.00 ~4257.00
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Table 5.37.1 & 5.37.2-------------------
Distance and Corresponding Area, J-15 (Ch. 55.65 Km.)

Year 1969-70
------------------------- Year 1976-77

o
o

1071.00
1154.80
1154.80
1182.30
1256.0G
1713.30
4187.90
6803.70
12270.30
15701.41
17598.30
21107.70
21841.80
23667.80
24367.40
24367.40
24887.80
27182.33
29556.14
34977.16
38851.47
43257.049
45104.30

------ 1
I

o
624.23
898.55
1081.43
1581.91
1886.71
2359.15
2891. 03
3387.55
3830.12
4367.78
4846.02
5232.20
5894.53
6388.61
6891.53
7165.85
7653.53
7844.03
8366.76
8839.20
9424.72
9841. 08
10408.62
10901.17

I
I

I
I

I
I

I
I

I
I
1 ------
I

------------------- 1I
I
I

------ 1 -----_1
I I

Distance: Area :
(m) : (m2 )

------ 1 ------
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

**
**
**
**

**

**
**
**
**
**
**
**
**
**
**

**

**
**
**
**
**
**
**
**
**
**
**

**

**
**
**
**
**

Area
(m2 )

o
o

163.00
408.50
1852.40
3250.50
3925.90
5165.20
8189.30
10798.61
13953.23
19036.49
22870.90
23862.15
25977.94
28126.419
28126.419 I

28152.022
28632.23
28632.23
28651. 50

------------:

o
243.84
777.25
1250.90
1738.58
2279.60
2767.28
3254.96
3767.94
4272.99
4778.65 I

5274.26
5762.72
6242.00
6781.80
7278.93
8042.45
8286.29
8530.13
8924.85
9286.65

Distance
(m)
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Table 5.37.3& 5.37.4-------------------
Distance and Corresponding Area, J-15 (Ch. 55.65 Kin. )

1 ______ ------------------- ** 1 _________________________ 1

I
I I

I Year 1977-78 ** Year 1978-79 I

I
I

1 ______ -----_1_----------- ** ------------ ------ ______ 1

I I
I

I Distance I Area ** Distance Area I

I I
I

I (m) I (m2 ) ** (m) (m2 ) I

I I
I

1 ______ -----_1_----------- ** ------------ ------ ______ 1

I I
I

I 0 I 0 ** 0 0
I I

I 630.63 I 0 ** 516.94 0
I I

I 888.49 I 285.60 ** I 867.16 I 1188.00
I I I

I 1887.32 I 286.40 ** I 1080.21 1474.20
I I I

2380.79 I 314.40 ** I 2341.78 1474.20
I I

2792.27 I 410.70 ** I 2887.98 2072.90
I I

3284.22 I 1537.50 ** I 3359.20 7381. 20
I I

3874.01 I 6399.70 ** I 3942.59 12738.20
I I

4376.93 I 10305.30 ** I 4338.22 15006.00
I I

4868.27 I 10710.50 ** I 4886.86 15115.10
I I

5355.95 I 11653.10 ** I 5374.54 15537.90
I I

5873.19 I 13929.30 ** I 5887.21 17924.92
I I

6364.53 I 17145.61 ** I 6362.09 21586.41
I I

6886.04 I 17452.78 ** I 6857.39 21841. 42
I I

7372.50 18009.89 ** I 7375.25 22426.98I

7840.07 21000.28 ** I 7812.33 25500.57I

8346.34 22904.36 ** I 8362.19 27146.40I

8884.31 24830.32 ** I 8885.83 28549.46I

9371.69 27820.99 ** I 9372.60 29747.50I

9881.62 32095.32 ** I 9849.61 31343.44I

10189.16 33126.03 ** I 10376.92 32597.69I

10248.90 33264.19 ** I 10885.63 35653.409I

10360.15 33874.52 ** I 10992.61 35807.664
I I

10864.29 I 35489.40 ** I 11391. 60 35807.80
I I

11392.81 I 35489.40 ** I
I I

I I ** I

I I I I I

1 ______ -----_1_----------_1 ** 1 ______ -----_1_-----------

I I I I I
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Table 5.37.5 & 5.37.6-------------------
Distance and Corresponding Area, J-15 (Ch. 55.65 Km.)

Year 1981-82
-------------------------

Area
(m2 )

o
o

3040.40
3224.10
3495.90
4787.90
7074.10
7699.10
11881.80
14806.60
16663.37
18465.34
22734.28
27518.55
29502.17
30294.65
30473.40
31504.55
32564.28
32564.28
33990.47
36259.415
36409.20

o
619.82
873.48
1361. 59
1837.50
2304.88
2856.10
3375.00
3881.40
4382.93
4828.05
5398.17
5837.80
6400.91
6807.93
7382.62
7859.45
8317.68
8920.12
9782.01
10362.50
10859.76
11398.17

Year 1986-87

I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I I
I I

1 -----_1_-----------
I I

------ 1 ------
I

Distance :
(m) :

------------:------------
I
I

I
I

I
I

I
I

I
I

I
I

I
I

-------------------------:

**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**

**

**
**
**
**
**
**

**

**
**

**
**

Area
(m2 )

o
o

402.10
402.10
409.40
1725.50
5596.80
8387.50
11639.00
11759.70
16286.10
20289.71
21848.52
24502.86
25950.01
27866.50
29151.01
31436.39
32318.67
32537.24
32537.24
34097.94
35322.67
36556.50

o
622.71
1081.74
2036.37
2449.37
2876.09
3358.90
3752.39
4358.03
4894.48
5346.50
5880.81
6373.37
6851. 90
7338.97
7884.52
8386.27
8841.94
9379.61
9595.52
9995.61
10828.63
11051. 44
11389.77

Distance
(m)

I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I I I:------------:------------;
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Table 5.37.7 & 5.37.8-------------------
Distance and Corresponding Area, J-15 (Ch. 55.65 KIn.)

1 ______ ------------------- ** ------------------- ______ 1
I

I

I Year 1988-89 ** Year 1990-91 I

I
I

1 ______ -----_1_----------- ** ------------,------------,I I I

Distance I Area ** Distance I Area I

I I I

(m) I (m2 ) ** (m) I (m2 ) I

I I I

------ ______ 1 ______ ------ ** ------ ______ 1 ______ ------,

I I I

0 0 ** 0 I 0 I
I

548.11 151.70 ** 453.71 I 4905.50I

1262.82 301. 80 ** 1001.79 I 10865.60I

2024.94 301.80 ** 1379.73 I 13001. 00I

2358.73 2422.00 ** 1811.28 I 13207.60I

2882.83 5426.30 ** 2515.38 I 13207.60I

3382.91 5901.50 ** 2722.38 I 13499.00I

3883.29 6677.70 ** 3231.38 I 13499.00I

4359.66 7781. 40 ** 3485.38 I 13712.50
I I

I 4907.77 9030.60 ** 3971.17 I 14948.80
I I

I 5503.31 10105.10 ** 4444.42 17707.40
I

I 5836.80 12453.00 ** 4932.38 20713.70
I

I 6313 .17 15274.20 ** 5465.33 22455.10
I

I 6884.99 20347.64 ** 5959.96 23072.40
I

I 7361.36 21861. 93 ** 6475.87 24825.00
I

I 7742.57 22626.26 ** 6969.65 28558.17
I

I 8409.55 24744.37 ** 7450.16 33825.33
I

I 8957.65 29542.18 ** 7983.88 35912.34
I

I 9362.59 33569.25 ** 8475.23 36411.53 I

I

I 9838.96 34471.10 ** 8904.96 37335.73
I

I 10315.62 34666.50 ** 9479.02 41373.11
I

I 10792.00 34666.50 ** 9954.64 43642.12
I

I 10958.59 34780.53 ** 10430.18 45280.96
I

I 11316.09 34780.53 ** 10965.50 46540.076
I

I 11911.62 35059.61 ** 11480.10 47765.89
I

I 12435.72 37314.696 ** 11928.20 47825.985
I I

I 12959.81 38782.40 ** 12305.00 47825.985 I

I I

I 13412.47 38782.40 ** 12425.00 47868.585 I

I I

I ** 13037.00 47882.755 I

I I

I ** 13230.50 48061.40 I

I
I

I ** 13487.00 48061.40 I

I I I

I ** I I

I I I

,------------ ------ ______ 1 ** 1 ______ ------ ------ ______ 1

I I I I
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Table 5.38.1& 5.38.2
-------------------

Distance and Corresponding Area, J-14 (Ch. 71.20 Kin.)

------------------- ______ 1 ** ------------------- ______ 1
I

I

Year 1969-70 I ** Year 1976-77 I

I
I

------ ______ 1 ______ -----_1 ** ------ ______ 1 ______ ------'

I I
I I

Distance I Area I ** Distance I Area I

I I I I

(m) I (m2 )
I ** (m) I (m2 )

I

I I
I

I I ** ------ ______ 1 ______ ------------------ ------------I I
I

0 I 0 I ** 0 I 0
I I

I

624.84 I 1129.10 I ** 397.15 I 373.90
I I

I

1634.64 I 1780.00 I ** 1413.91 I 921. 60
I I I

2142.44 I 2478.10 I ** 1842.58 I 2262.70
I I

I

2666.69 4843.10 I ** 2388.29 I 5317.30
I I

3176.93 7143.40 I ** 2921. 60 I 7493.60
I

3588.71 8523.20 I ** 3858.68 8566.50
I

4073.95 9570.40 I ** 4861. 53 9847.50
I

4604.00 10688.40 I ** 5394.88 11244.70
I

5032.25 11546.50 I ** 5912.39 12508.40
I

5634.53 13546.70 I ** 6385.53 14465.50
I

6110.02 15835.50 I ** 6867.60 16184.90
I

I

7104.58 19055.80 I ** 7399.39 I 16950.10
I I

7648.04 22000.70 ** 7883.19 I 18278.90I

8134.75 26110.60 ** 8386.18 I 19071.20I

8616.08 26859.60 ** 8930.61 I 22492.40I

9103.15 27170.80 ** 9433.07 I 29884.12I

9475.92 27981.50 ** 9878.23 I 32572.30I

10130.03 28943.70 ** 10673.52 I 32641.37I

10632.03 30156.60 ** 11397.48 I 32641.37I

11052.36 32195.51 ** 11918.08 I 33537.80I

11444.63 34748.40 ** 12425.14 I 34906.25I

12122.50 42718.25 ** 12882.68 I 37339.51I

12614.15 48906.70 ** 13413.46 I 41384.84I

13076.13 50601. 427 ** 13888.21 I 43721. 84I

I 13615.72 50793.181 ** 14367.66 I 44966.387
I

I

I 14117.42 51051.613 ** 14980.52 I 44966.387
I

I

I 14653.56 51344.584 ** 15422.12 I 45483.587
I

I

I 15131.49 51723.073 ** 15932.44 I 46375.653
I

I

I 15571.31 52000.641 ** 16425.25 I 46391. 20
I

I

I 16149.83 52094.50 ** I

I I I I I

:------------:------------: ** ------ ______ 1 ______ -----_1
I I
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Table 5.38.3 & 5.38.4-------------------
Distance and Corresponding Area, J-14 (Ch. 71.20 Km.)

1 _________________________ 1 ** 1 ______ ------------- ______ 1
I I I I

I Year 1977-78 I ** I Year 1978-79 I
I I I

------------ ------ ______ 1 ** 1 ________________________ 1
I I I

Distance Area I ** I Distance AreaI I

(m) (m2 ) I ** I (m) (m2 )I I

------------ ------ ______ 1 ** 1 ______ ------ ------------I I

0 0 I ** I 0 0I I

1349.08 734.10 I ** I 188.03 0.20I I

2380.65 3745.90 I ** I 433.76 83.10I I

3348.29 6930.40 I ** I 1456.34 333.30I

4373.61 7155.00 ** I 2046.77 552.10I

4864.15 7853.50 ** I 2399.72 2741.70I

5320.65 8099.30 ** I 2866.46 3878.30I

5834.18 10580.80 ** I 4034.15 4135.60I

6377.15 14916.20 ** . I 4469.56 4913 .10I

7853.78 15745.40 ** I 4975.89 6692.50I

..8361.40 16528.60 ** I 5459.15 10275.90I

8887.54 18930.94 ** I 5981.98 11885.30
9386.23 21934.88 ** 6895.68 12576.90
9773.60 22369.68 ** 7479.52 13175.60

10831. 92 22369.88 ** 7979.24 13553.40
11868.46 23549.37 ** 8452.60 15538.80
12343.92 26985.53 ** 8980.36 20529.50
12883.50 29747.74 I ** 9486.69 22584.54
13371.67 32341. 68 ** 9767.08 22804.48
13880.93 34503.02 ** 10974.36 22940.03
14378.46 35649.965 ** 11411.41 23926.43
14857.57 35869.342 ** 11919.39 27430.69
15333.73 35910.114 ** 12432.31 29500.78
15565.71 36236.849 ** 12971.62 32735.22
16031.54 36969.18 ** 13473.02 I 37709.22I

16401.20 36970.20 ** 13916.65 I 38758.87I

** 14472.49 I 39051.298I

** 14904.60 I 39333.747I

** 15452.14 I 39856.173I

I ** 15795.20 I 40761. 30I I

I ** 16479.66 I 40761.30I I

I ** I
I I I I

1 ______ ------ ------------, ** ,------ ______ 1 ______ ------,
I I I I I
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Table 5.38.5& 5.38.6-------------------
Distance and Corresponding Area, J-14 (Ch. 71. 20 Kin.)

1 ______ ------------------_
1 ** -------------------------,

I I I

I Year 1981-82 I ** Year 1986-87 I

I I I

1 ______ -----_1_----------_1 ** ------ ______ 1 ______ -----_1

I I I I I

Distance I Area I ** Distance I Area I

I I I

(m) I (m2 )
I ** (m) I (m2 )

I I I

____________ , ____________ 1 ** I------------ ------------
I I I

0 I 0 I ** 0 I 0
I I I

313.64 I 2.10 I ** 348.48 I 111. 80
I I I

968.65 I 282.70 I ** 836.28 I 1292.90
I I

1475.84 I 1428.30 I ** 1348.48 3547.10
I I

1977.24 I 5524.70 I ** 1776.22 6160.30
I I

2429.26 8686.10 I ** 2278.96 11466.30
I

2954.12 10864.10 ** 2779.27 15127.80
3469.54 11894.10 ** 3317.07 17421.60
3977.64 13541.00 ** 3814.94 19069.80
4452.52 15826.40 ** 4281.71 19946.60
4978.91 17713.70 ** 4824.09 20092.80
6128.00 19479.40 ** 5281.40 20517.80
7944.31 19511.60 ** 5829.27 20719.90
8462.77 20849.30 ** 6249.70 20801. 60
8915.40 22137.00 ** 6798.48 21485.70
9476.23 25238.72 ** 7347.26 23034.20
9873.08 28986.34 ** 8379.57 23630.70
11490.35 29254.19 ** 8838.72 26606.10
11957.00 29696.05 ** 9338.72 30632.32
12486.44 31877.60 ** 9852.44 35165.68
13013.13 35757.75 ** 10403.35 39756.91
13427.05 39198.13 ** 11310.98 39792.89
13941. 55 42789.25 ** 11798.78 39972.76 I

14476.17 43341.825 ** 12320.12 41377.48 I
I

14971.47 43578.906 ** 12807.93 43145.17 I
I

15490.85 44031.694 ** 13322.87 43773.44 I
I

15975.48 44684.70 ** 13823.17 44076.31 I
I

16494.56 .44684.70 ** 14335.37 46220.861 I

I
I

I ** 14682.93 47114.806 I

I
I

I ** 15838.42 47258.145 I

I
I

I ** 16240.24 47393.527 I

I
I

I ** 16853.35 47783.40 I

I
I

I ** I

I I
I I

1 ____________ 1 ____________ ** ------ ______ 1 ______ -----_1

I I
I I
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Table 5.38.7 & 5..38.8

Distance and Corresponding Area, J-l1 (Ch. 71.20 KIn.)

1 _________________________ ** ,-------------------------
1

1

1 Year 1988-89 ** I Year 1990-91
I

1

1 ______ -----_1_----------- ** 1 ____________ 1 ____________

I I 1 1

1 Distance 1 Area ** I Distance I Area
I 1

1 1

(m) 1 (m2 ) ** 1 (m) 1 (m2 )
I I I

------ ______ 1 ______ ------ ** ' ____________ ' ______ ------
I I I

0 1 0 ** I 0 I 0
I

1

1329.92 I 396.40 ** I 850 3408.70
1

1

1811.80 I 806.80 ** I 1334 7515.90
I

2486.49 2926.20 ** 1 1811 11721.30
I

2872.11 7107.00 ** 1 3316 15026.10
1

3450.55 11511.60 ** 1 3800 16150.70
I

4318.05 13080.80 ** 1 4293 17767.20
I

4896.49 13860.60 ** 1 6327 19111.60
I

5425.12 15448.60 ** 1 7321 22050.80
I

6342.41 16215.60 ** 1 7815 37368.90
I

7354.45 16725.60 ** 1 8279 31949.00
1

7860.62 18221.80 ** 1 8799 36743.14
I

8366.48 18391.00 ** I 9316 38395.58
I

8896.64 20268.80 ** I 9780 38990.81
1

9354.53 24597.08 ** 1 10287 41571.17
I

9908.98 28720.90 ** 1 10832 44242.17
I

10390.85 29584.66 ** 11421 47052.99
10969.29 32436.56 ** 11838 48764.78

I 11402.88 36144.28 ** 12344 49969.33
1

1 11812.80 38046.82 ** 13314 50544.63
I

1 12439.21 39800.299 ** 13846 50868.21
1

1 12993.35 39930.376 ** 15299 51382.70
I

1 13402.96 I 40417.685 ** 15809 51704.93
I

I 13547.80 40417.685 ** 16272 53404.00 I

I

1

1 14294.76 40647.432 ** 16851 53404.00 1

I

1

I 15379.36 40717.348 ** I

1

1

1 15812.96 41274.031 ** I

I

I

I 16752.72 41289.212 ** 1

1

I

1 17331.16 41489.40 ** I

I

I

I 17909.59 41489.40 ** 1

1

I

I ** 1

I I
I

1 ______ -----_1_----------- ** ------------ ------------,
I I

1
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Table 5.39.1& 5.39.2

Distanceand CorrespondingArea, J-13 (Ch. 84.70 Km.)

Year 1976-77,-------------------------,, ': Year 1969-70 :,------------ ------------,I I

: Distance Area:
: (m) (m2 ) :

,------------ ------------,1 ,

: 1681.89 0 :
: 2086.97 1171.622:
: 3048.00 4952.85 :
: 3593.29 6206.92 :
: 4009.95 8178.46 :
: 4532.38 11287.28 :
: 5015.18 13919.32:
: 5517.79 14965.28 :
: 6018.28 16019.32:
: 6525.46 17769.44 :
: 7018.32 18531.42:
: 7538.62 21644.4 :
, 8052.82 22514.6

8527.69 23419.2
9055.61 26631.4
9482.94 28280.8
10008.11 29696.1
11751.26 34745.6

I,
1
I,
I
1,
1
1
I,,,,,,
1------------:------------

**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**

------------------- 1I,,
I ,------------,------------1

Distance: Area :
(m) : (m2 ) :

, , I,------------,------------,
: 1643.48: 0 :
: 2033.32: 3336.32:
: 2543.03: 7335.11:
: 3025.14: ~."0.92 :
: 3550.92: 9391.92 :
: 4033.42: 11736.14:
: 4584.19: 15342.31:
: 5028.29: 15391.13:
: 5512.31: 15598.18:
: 6051.80: 15985.58:
: 6512.36 16523.43:

7079.89 18233.40:
7533.44 21244.3 :
8085.73 24805.9 \
8506.05 29240.1 :
9056.22 34079.2 :
9542.68 35443.4 :
10030.36 36750.6 :
10504.02 I 39329.7:
10641.79 39382.3 :
11296.80 39382.3 '
11388.24 39417.0
11822.58 39417.0
12008.51 39565.4
12519.66 39640.0
12636.09 39640.0
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Table 5.39.3 & 5'.39.4
---------------------

Distance and Corresponding Area I J-13 (Ch. 84.70 KIn. )

------------------------- ** -------------------------
Year 1977-78 ** Year 1978-79

------------ I------------ ** ------------ I ------------
1 1

Distance I Area ** Distance I Area
I 1

( m) I (m2 ) ** ( m) 1 (m2 )
J 1

------------ I ------------ ** ------------ I------------
I I

1134.77 1 0 ** 1014.07 1 0
I I

1502.36 1 3730.28 ** 1522.78 1 2969.74
J I

2002.84 1 8599.59 ** 2045.82 1 7953.28
I 1

2531.06 I 11622.12 ** 2500.27 I 11078.92
I I

3023.92 I 13295.97 ** 3048.91 I 11740.69
I I

3558.84 1 14213.09 ** 3516.17 1 13090.77
I 1

4019.09 I 16724.01 ** 4013.30 I 16131.92
1 I

4494.58 1 19535.14 ** 4521.40 1 18767.38
I I

4982.26 I 19535.14 ** 5004.51 I 18826.21
I I

5531.21 I 19688.11 ** 5519.62 I 19253.81
I I

6018.89 I 20203.20 ** 6028.64 I 19924.62
1 I

6498.64 I 20394.80 ** 6545.58 1 20363.80
I I

7047.28 I 21246.40 ** 7004.91 1 21064.10
I I

7506.61 I 22396.20 *'" 7524.90 1 24450.30
I I

8099.45 1 29194.80 ** 8010.45 I 26606.60
I 1

8501.48 I 31478.00 ** 8510.32 I 28270.20
J I

9051.65 I 33156.10 1 ** 9054.08 I 32826.70
I 1 I

9559.14 I 34367.90 1 ** 9558.83 I 34292.20
J 1 I

10007.80 I 35902.30 I ** 10034.32 I 35818.50
I I I

10557.36 I 38944.50 I ** 10506.76 I 37067.00
I I I

11042.90 I 39305.10 I ** 11532.72 1 37149.90
I I 1

12026.49 I 39594.60 1 ** 12003.94 I 37454.20
I I I

12639.75 , 39646.60 1 ** 12638.53 I 37513.10
I I J
I I. ** ,
I I I

------------ 1 ------------ I ** ------------ I------------
I I I
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Table 5.39.5& 5.39.6
-------------------

Distance and Corresponding Area, J-13 (Ch. 84.70 KIn.)

------------------------- ** -------------------------
Year 1981-82 ** Year 1986-87

------------ I ------------ ** ------------ I ------------
I I

Distance I Area ** Distal1ce I Area
I I

( m) I (m~ ) ** ( m) I (m2 )
I I

------------ I ------------ ** ------------ I ------------
I I

377.04 I 4.27 ** 724.09 I 0
I I

1054.61 I 210.985 ** 1053.05 I 1753.651
I I

1528.57 3402.04 ** 1575.91 I 7307.59I

2042.16 8375.24 ** 2009.15 I 9987.19I

2519.78 9861.04 ** 2544.51 I 13223.61I

3044.04 12787.01 ** 3035.37 I 13984.72I

3540.25 14325.32 ** 3510.37 I 16406.52I

4030.37 14350.06 ** 4015.85 I 16791.14I

4528.41 15219.10 ** 4503.66 1 17951. 52I

5018.23 16158.72 ** 5114.63 I 18391.28I

6057.29 16416.16 ** 5297.56 I 18399.35I

6510.83 16605.97 ** 5872.87 I 18399.35I

7020.76 17148.27 ** 6051.52 I 18413.29I

7502.35 18726.57 ** 6522.26 I 19318.46I

8023.86 22187.90 ** 7032.32 1 22066.70I

8539.89 26138.20 ** 7536.59 I 23647.80I

9023.91 27386.10 ** 8035.98 1 24354.60I

9553.04 28180.60 ** 8567.07 I 27634.30I

10528.71 28365.00 ** 9010.98 1 30920.50I

11284.00 28720.90 ** 9482.32 I 32661.10I

11846.05 28745.30 ** 10753.05 I 32842.50I

12005.46 28829.50 ** 11718.90 1 32842.50I

12512.04 29272.30 ** 12023.78 I 33230.90I

12642.19 29272.30 ** 12469.51 I 33384.80I

** 12620.43 I 33384.80I

** I
I

------------ ------------ ** ------------ I ------------I
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Table 5.39.7& 5.39.8

Distance and Corresponding Area, J-13 (Ch. 84.7 Km.)

Year 1988-89

66.10
6504.43
9937.98

14099.16
18010.90
18720.62
20236.30
23411.50
23918.20
24083.20
24274.40
24533.50
26842.40
31859.40
33440.40
33865.10
34242.60
35459.40
38017.80
40718.30
40735.60
41073.80
41153.20
41469.70
41951.80

318
1015
1635
2097
2571
3020
3520
4085
4551
5015
5516
6026
6516
7040
7534
8018
8525
9034
9594

10076
10508
11024
11549
12000
12632

Year 1990-91
I------------,------------

Distance: Area
(m) : (m2 )

------ 1 ------
I
1
I
I
1
I
1
1
I
I
I
1
1,
I
I
1
1
1
1
1
I,
I
I
I
I
I
I
I
I
1
1
1
I
I
1
1
1
1
1
I
I
1
1
I
I
I
I
1
I
1
1------------,------------1

**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**

o
5973.97
7732.89
9577.92

11262.44
11830.38
13709.86
13791.13
14161. 86
14383.71
14383.71
18017.53
19669.62
21250.30
21837.00
22539.00
24277.30
27069.20
27069.20
27794.40
27794.40
28499.70
28716.40

520.55
1017.55
1585.21
2034.80
2484.40
3028.79
3501.94
4069.90
4566.60
4708.81
6080.85
6601.70
7003.89
7524.44
8092.40
8542.00
9062.55
9630.50

10363.92
10718.71
11594.35
12067.49
12422.57

I------------1------------
Distance: Area

(m) : (m2 )
------ 1 ------

I
1
I
I
I
I
1
I
I
1
I
1
1
1
1
I

I
I
I
I
1
I
I
I
I
I
1
I
1
I
I
I
I
1
I
I
1
1
1
I
1
1
I
I
1
I
1
I
1
I
1
1
I
1
I
I
1
1
1
1:------------:------------:
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Table 5.40 •.1 & 5.40.2
-------------------

Distance and Corresponding Area, J-12 (Ch. 100.50 KIn.)

------------------------- ** -------------------------
Year 1969-70 ** Year 1977-78

------------ ------------ ** 1------------ ------------1

Distance Area ** Distance 1 AreaI

( m) (m2 ) ** ( m) 1 (m2 )1

------------ ------------ ** I------------1------------

527.91 1281.259 ** 467.99 1 137.6271

1022.97 5851.92 ** 1050.10 I 302.3521

1538.02 10066.06 ** 1557.04 1 379.328I

1978.46 13024.34 ** 2030.30 I 939.7671

2514.90 13651.06 ** 4624.00 I 978.169I

3048.91 13663.25 ** 5316.63 1 1011.2561

3510.24 14891.84 ** 6211. 99 I 1167.908I

4129.74 16876.19 ** 6646.96 1 5124.621

4746.96 16876.19 ** 7113.27 1 9105.89I

5025.85 18027.56 ** 7632.41 I 12307.74I

5552.54 19069.73 ** 8538.18 I 12853.65I

6027.12 19987.90 ** 9085.39 1 13015.51I

6530.04 22803.30 ** 10082.54 I 13183.48I

7013.14 22904.30 ** 10530.75 1 14511.55I

7516.37 25419.80 ** 11109.41 1 16453.95I

8010.14 27122.70 ** 11517.11 I 17577.22I

8539.28 I 28418.30 ** 12045.64 1 21383.60
I I

9026.96 I 28561.10 ** 12624.42 I 25136.10
I I

9501. 53 1 28809.30 ** 13047.88 1 26914.40
1 I

10019.39 I 30003.50 ** 13505.35 I 27895.10
1 1

12051.18 I. 30105.00 ** 14059.75 1 30074.60
1 I

12555.63 I 30435.40 ** 14548.29 I 31389.40
I 1

1 ** 15033.62 1 31818.70
I I

I ** 15518.95 1 32385.90
I 1

1 ** 16130.30 I 37771.40
I I

I ** 16618.58 1 39805.30
I I

I ** 17175.54 1 42295.80
I 1

1 ** 18489.59 1 42546.60
1 1

1 ** 19211.18 1 42963.80
I 1

------------:------------ ** I------------,------------
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Table 5.40.3& 5.40.4
--------_._----- .

Distance and Corresponding Area, J-12 (Ch. 100.50 KIn.)

------------------------- ** ------------------------- 1
I

Year 1978-79 ** Year 1981-82 1
I

1 ** ------------ ------------ I

------------ ------------1

I

Distance I Area ** Distance Area 1

1

1

( m) 1 (m2 ) ** ( m) (m2 )
I

I

1
1 ** ------------ ------------ I

------------1------------ I

300.29 1 81.338 ** 539.80 0 I

I

I

500.70 I 130.85 ** 1160.68 168.366 1

I

I

1073.45 1 246.532 ** 1537.11 482.077 1

I

1

1552.13 I 296.653 ** 2036.98 1885.37 I

1

1

2032.77 I 904.525 ** 2495.70 2605.18 I

I

I

2479.34 I 1086.817 ** 3014.78 2827.04 I

1

1

3183.09 I 1135.326 ** 3523.79 3050.19 1

I

I

5151.36 I 1183.813 ** 4045.61 3324.54 1

I

1
5246.28 I 1356.799 ** 5408.98 3324.54 1

1

I

6035.04 1 1356.799 ** 6034.74 4567.54 I

I

1

6502.51 I 4128.35 ** 6520.59 9908.30 1

I

1

7040.94 1 7900.04 ** 7074.71 15819.79 I

I

I

7563.12 I 12036.00 ** 7458.15 18448.90 I

I

I

8046.45 I 15631.36 ** 8110.42 22074.70 1

I

1

8802.90 1 17575.67 ** 8675.22 25334.30 1

I

I

9896.00 1 17575.67 ** 9059.88 27300.70 I

I

1

10395.26 I 18228.13 ** 10014.51 27832.10 1

I

I

10778.28 1 21224.60 ** 10436.66 27997.40 I

I

1

11140.14 I 21447.80 ** 10852.10 27997.40 I

I

1
11554.63 1 21603.90 ** 11004.50 28526.80 I

I

1

12043.44 I 25116.50 ** 11506.50 30527.10 1

I

I

12568.67 1 28886.10 *;~ 12019.79 32084.10 1

I

1

I 13038.54 1 29972.90 ** 12505.33 36227.60 I

I I

I

I 13566.89 I 30843.40 ** 12604.09 36723.00 I

1 I

I

I 14015.25 1 32549.70 ** 14114.68 36961.70 I

1 1

I

1 14580.81 I 34122.40 ** 14545.36 37284.90 1

1 I

I

1 15004.21 I 35146.20 ** 14888.87 37644.70 I

I I

I

I 15518.74 I 35422.30 **
I

1 I

1

I 16030.86 I 38203.20 **
I

I I

I

I 16558.66 1 42870.00 **
I

I 1

I

I 16968.28 I 46734.60 **
I

I I

I

1 18533.94 I 46871.60 **
I

I I

I

I 19022.78 I 47195.10 **
1

I 1

'I 19331.94 1 47537.00 **
I 1

I I **
1 1

I I *:': ------------ ------------
1
------------1------------
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Table 5.40.5& 5.40.6
-------------------

Distance and Corresponding Area, J-12 (Ch. 100.50 Km.)

------------------------- *'* -------------------------
Year 1986-87 ** Year 1988-89

I ** ------------ I------------------------ ------------I I

Distance I Area ** Distance I Area
I

I

( m) I (m2 ) ** ( m) I (m2 )
I

I

------------ I------------ ** ------------:------------
I

503.96 I 0 ** 481.88 I 0
I I

585.06 I 177.32 ** 1180.86 1 191.147
I I

1664.02 I 177.32 ** 1783.28 I 191.147
1 I

2035.06 I 492.220 ** 1952.10 1 206.341
I

I

2583.84 I 514.173 ** 2867.58 I 206.341
I I

3942.07 I 629.418 ** 3060.39 1 1509.458
I I

4132.62 I 820.002 *,,,: 3614.83 I 5571.48
I

I

4746.34 I 820.002 ** 3952.18 I 7174.98
I

I

5076.83 I 2452.72 ** 4482.34 I 9496.85
I I

5535.06 I 6354.28 ** 5060.77 I 11190.17
I

I

6075.61 1 8386.59 ** 5494.37 I 11518.68
I I

6543.90 I 10245.19 ** 6024.53 I 12431.99
I I

7027.74 I 13000.74 ** 6578.97 I 15646.07
I

I

7515.85 I 16312.52 ** 7036.86 I 18354.51
I I

8046.95 I 20300.00 ** 7541.81 I 21163.80
I I

8516.46 I 22161. 30 ** 7952.33 I 22909.40
I I

9057.01 I 26723.10 ** 8241.71 I 23450.70
I

I

9567.07 I 28000.20 ** 8699.60 I 23450.70
I I

10027.80 I 28069.70 ** 9205.46 I 24070.10
I I

10493.29 I 28621.50 ** 9783.90 I 28031.50
I I

11051.22 I 32291.30 ** 9976.70 I 29235.90
I I

11329.27 1 33099.50 ** 10410.60 I 29235.90
I I

12033.54 I 33126.40 ** 10964.75 I 30075.20
I I

12479.27 I 34259.60 ** 12530.92 I 33687.80
I

14024.39 I 34319.50 ** 14748.10 34609.60
I

14533.54 I 34565.30 ** 15013.18 34801.80
I

14894.51 I 34728.40 ** 15904.98 35240.70
I
I **

------------ ------------ ** ------------ ------------
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Table 5.40~7
----------
Distance and Corresponding Area, J-12 (Ch. 100.50 KIn. )

------------------------- ** -------------------------
Year 1990-91 ** Year 19

------------ I ------------ ** ------------ ------------I

Distance I Area ** Distance AreaI

(m) I (m2 ) ** (m) (m2 )I

------------ I------------ ** ------------ ------------I

506 , 0 **I

1989 I 40.88 **
2509 2092.17 **
3032 5649.36 **
3570 9626.04 **
4047 12808.72 **
-!562 18565.94 **
5033 22308.20 **
5551 26583.10 **
6082 28662.60 **
6563 31000.80 **
7052 34391.50 **.
7499 36579.80 **
8077 40935.30 **
8501 41617.10 **
9033 43747.90 **
9518 45233.20 **
9930 46748.10 **

JlO53 46757.60 **
12025 46908.30 **
12517 48041.20 **
12620 48174.30 **
13774 48174.30 **
14496 48358.20 **
14893 48361.00 **

**
------------ ------------ ** ------------ ------------
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Table 5.41.1 & 5.41.2
-------------------

Distance and Corresponding Area, J-11 (Ch.117.75 KIn.)

------------------------- ** -------------------------
Year 1969-70 ** Year 1976-77

I ** ------------:------------------------1------------

Distance I Area ** Distance I Area1 I

(m) I (m2 ) ** (m) I (m2 )
I 1
I ** ------------:------------------------ ------------I

512.67 I 56.115 ** 639.78 I 01 I

1030.83 I 124.542 ** 1066.50 12.192
I

1515.77 I 320.620 ** 1724.56 12.1921
2033.93 I 937.23 ** 2029.36 415.911

I

2504.85 I 1259.748 ** 3126.64 415.9111
2779.17 I 1427.693 ** 3206.19 420.6841
3445.76 I 1427.693 ** 4223.61 420.684

I

4060.24 I 1584.342 ** 4528.41 828.864
I

4514.09 I 1677 .380 ** 5049.93 4579.071
5078.58 I 2129.32 ** 5558.94 7044.93

I

5516.58 I 4950.79 ** 6039.31 7888.15
I

6046.01 I 8475.49 ** 6445.28 8405.62
I

6505.96 I 11661.93 ** 7033.56 10108.17
I

7093.31 I 16386.43 ** 7520.64 11577.78
I

7613.60 I 18882.84 ** 8038.80 12378.101
8022.95 I 19577.48 ** 8529.52 13976.17

I

8500.87 I 21492.00 ** 9017.51 18333.46
I

9000.13 I 24244.30 ** 9503.36 23504.70
I

9530.18 I 24808.00 ** 10056.57 27832.20
I

10017.86 I 24815.80 ** 10505.85 29247.00
I

10505.54 I 24954.90 ** 11044.43 29348.40
I

11010.90 I 25641.00 ** 11478.77 29440.80
I

11475.72 I 25801.20 **I
I ** ------------ ------------------------ ------------J
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Table 5.41.3 & 5.41.4
-------------------

Distance and Corresponding Area, J-l1 (Ch.117.75 KIn.)

------------------------- ** -------------------------
Year 1977-78 ** Year 1978-79.

------------ ------------ ** ------------ ------------
Distance Area ** Distance Area

(m) (m2 ) ** ( m) (m2 )

------------ ------------ ** ------------ ------------
388.62 9.67 ** 510.24 38.21

1053.08 52.341 ** 1059.48 142.80
1636.78 60.266 ** 1638.91 142.80
2033.02 231.106 ** 1836.42 330.29
2~20.70 231.106 ** 3187.29 330.29
3052.88 330.528 ** 3515.56 2090.94
3508.55 682.194 ** 4034.33 4625.10
4009.34 3909.61 ** 4531.16 5449.63
4545.79 5677.13 ** 5005.12 7412.37
5041.09 8420.75 ** 5499.81 10492.33
5537.30 11556.23 ** 6046.32 13310.06
6032.30 16349.82 ** 6506.57 16675.16
6505.04 20770.00 ** 7045.45 21030.40
7020.15 23192.50 ** 7504.48 24854.10
7519.42 24544.40 ** 8015.02 28657.30
8086.65 25409.50 ** 8522.51 33329.70
8505.75 29441.90 ** 9029.40 37560.80
9027.87 35192.20 ** 9535.67 41282.70
9504.58 38786.60 ** 10013.90 43479.80

10008.72 42191.30 ** 10514.99 44573.70
11048.39 43902.90 ** 11035.59 44726.80i

11480.60 44034.80 ** 11454.08 I 44818.50I

------------ ------------ ** ------------ ! ------------I
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Table 5.41.5& 5.41.6
-------------------

Distance and Corresponding Area, J-11 (Ch.117.75 KIn.)

------------------------- ** -------------------------
Year 1981-82 ** Year 1986-87

------------ ------------ ** ------------:------------
Distance Area ** Distance I Area

(m) (m2 ) ** (m) (m2 )

------------ ------------ ** ------------ ------------
633.07 9.144 ** 511.28 30.323

1059.79 51.816 ** 1000.91 67.977
1624.28 51.816 ** 1549.70 154.567
1685.24 74.676 ** 2042.99 162.494
2862.07 74.676 ** 2567.38 4086.95
3495.14 2883.62 ** 3030.18 7448.30
4023.97 7914.45 ** 3543.60 9314.19
4532.38 8777.56 ** 4045.73 11345.26
5035.30 11304.91 ** 4513.72 14167.70
5533.64 14225.94 ** 5008.84 16791.86
6012.18 17789.79 ** 5517.99 18224.32
6515.10 19916.66 ** 6040.24 22060.30
7057.03 21063.40 ** 6522.56 24538.30
7534.35 23967.10 *,~ 7006.71 24830.60
8018.98 29056.20 ** 7501.83 27684.80
8539.28 35462.00 ** 8071.04 30393.20
9023.91 36823.80 ** 8535.67 31590.40
9511.28 38419.50 ** 9006.40 31886.20

10000.49 39079.00 ** 9567.38 33035.20
10543.03 40540.20 ** 10038.11 34723.00
11009.38 40731.20 ** 10543.29 37919.60
11478.16 40779.00 ** 11001.22 41570.80

** 11060.98 41577 .90i
I ** 11503.35 41577.90
I------------:------------ ** ------------ ------------
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Table 5.41.7& 5.41.8
-------------------

Distance and Corresponding Area, J-11 (Ch.117 .75 Km.)

------------------------- ** -------------------------
Year 1988-89 ** Year 1990-91

I ** ------------ I ------------------------1------------ I

Distance I Area ** Distance I AreaI I

(m) I (m2 ) ** (m) I (m2 )I I

------------ I ------------ ** ------------ I ------------I I

552.31 , 13.237 ** 575.00 , 1750.425, I

984.55 I 79.388 ** 1068.00 1 4310.39I I

1560.88 I 4176.22 ** 1501. 00 I 7196.72I I

1993.12 I 5420.59 ** 2050.00 I 14084.681 I

2569.45 1 6867.48 ** 2588.00 I 17766.691 I

3121. 76 , 9066.52 ** 3034.00 , 21232.00I I

3602.03 , 12167.96 ** 3529.00 1 25609.601 I

4010.27 I 13940.56 ** 3908.00 I 26378.80I I

4538.57 I 16613.53 ** 4185.00 , 26378.801 I

4934.78 I 17571.35 ** 4545.00 1 26491.40I

5643.18 17967.80 ** 5010.00 I 26949.30I

6003.39 19212.44 ** 5500.00 I 27337.60I

6555.70 21000.80 ** 6040.00 , 27668.20I

7059.99 21735.20 ** 6529.00 I 28874.901

7492.23 22527.10 ** 7028.00 1 30120.80I

8020.53 23524.10 ** 7521.00 I 30120.801

8500.80 24311.20 ** 8008.00 I 30688.10I

9149.16 I 24311.20 ** 8546.00 1 31927.401 1

9557.39 I 26655.50 ** 9058.00 I 33183.401 I

10205.76 1 31308.40 ** 9470.00 1 34768.10I I

11526.51 1 36666.00 ** 10024.00 I 37286.301 1

13000.00 1 37719.20 ** 10504.00 I 37564.80I 1
I ** 11040.00 I 38933.40I 1
I ** 11569.00 I 40871.40I I
I ** 12031.00 I 42972.901 I
I ** 12506.00 I 48571.30I ,
1 ** 12761.00 I 50602.90I ,
I ** 1
I 1

------------ 1------------ ** 1
I

------------1------------
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\ ,
Table 5.42.1& 5.42.2
-------------------

Distance and Corresponding Area, J-10 (Ch. 134.30 Kin.)

------------------------- ** -------------------------
Year 1969-70 ** Year 1976-77

------------ ------------ ** ------------ , ------------I

Distance Area ** Distance I AreaI

(m) (m2 ) ** (m) I (m2 )I

------------ ------------ ** ------------ I ------------
I

518.77 13.296 ** 1733.61 I 0I

1706.88 60.056 ** 2000.65 , 705.90I

2021.13 1388.240 ** 2475.68 I 1765.73I

2524.05 1739.261 ** 3019.17 I 2302.33I

3095.85 3177.16 ** 4034.06 I 2868.17I

3596.03 3246.12 :~* 4473.12 I 3331.66I

5118.51 4210.51 ** 5066.20 I 3789.50I

5505.30 4660.08 ** 5552.54 I 3909.33I

6074.97 4961.77 ** 6007.73 I 4208.25I

6500.16 5187.29 ** 6540.61 I 4702.78I

6932.98 5810.07 ** 7032.19 1 5300.16I

7681.87 5906.82 ** 7548.49 I 8015.70I

8004.96 7559.20 ** 8074.30 I 13748.27I

9020.86 10890.90 ** 8552.69 I 19782.33I

9510.37 12805.65 ** 9003.85 I 23929.10I

10004.45 20894.30 ** 9498.57 I 26899.90I

10508.28 25376.80 ** 10004.24 I 29360.00I

11190.73 27862.40 ** 10520.84 I 33005.10I

12021.31 31336.40 ** 11034.83 I 33962.60I

13484.05 35947.20 *:~ 11519.25 I 35914.80I

14041.83 37196.70 ** 12045.60 I 39220.70I

14560.60 37321.80 ** 12519.42 1 42608.30I

15011. 70 37460.70 ** 13025.26 I 45179.80I

15558.52 37865.70 ** 13522.33 I 47552.80I

16083.08 38042.90 ** 14137.84 I 52264.10I

16632.94 38118.60 ** 14519.15 I 53294.00I

17533.32 38871.00 ** 15513.01 I 53709.00I

18112.44 39334.80 ** 16517.29 I 54805.80I

18521.78 40816.40 ** 16965.69 I 55017.30I

19022.26 42341.20 ** 17599.18 I 55352.30I

19605.35 43637.60 ** 18015.63 I 56355.20I

20668.49 43954.10 ** 18601.43 I 57653.30I

21525.89 44577 .20 ** 19001. 41 I 59529.00I

** 19546.37 I 60710.60I

** 21478.34 I 61212.20I

------------ ------------ ** ------------ I ------------I
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Table 5.42.3& 5.42.4
-------------------

Distance and Corresponding Area, J-10 (Ch. 134.30 KIn.)

------------------------- ** -------------------------
Year 1977-78 ** Year 1978-79

------------ I------------ ** ------------ I ------------
I I

Distance I Area ** Distance I Area
I I

(m) I (m2 ) ** ( m) I (m2 )
I I

------------ I ------------ *,~ ------------ I ------------
I I

1676.22 I 0 ** 548.00 I 102.33
I I

2003.15 I 1268.82 ** 1129.07 I 142.32
I I

2524.48 I 1801. 70 ** 1541. 80 I 1819.28
I I

3010.54 I 2395.39 ,"* 2029.51 I 5227.09
I I

3533.24 I 2698.09 ** 2542.92 I 9791.58
I I

4042.84 I 3135.28 ** 3024.68 I 14725.79
I I

4568.53 I 3429.67 ** 3563.69 , 19484.96
I I

5024.23 I 3560.30 ** 4037.11 I 23124.00
I I

6038.70 I 3961.20 ** 4535.15 I 26317.40
I I

6519.82 I 5057.03 ,"* 4984.91 I 28316.30
I I

7008.30 I 8285.72 ** 5505.60 I 31509.30
I I

7508.40 I 11961. 35 ** 6042.29 I 32016.00
I I

8011.33 I 17128.52 ** 6556.58 I 32324.90
I I

8505.81 I 19093.18 ** 7010.22 I 33919.00
I I

9073.41 I 20433.40 ** 7527.22 I 35029.00
I I

9521.56 I 22121.40 ** 8017.70 I 35622.90
I I

10043.46 I 27277.20 ** 8536.66 I 36388.90
I I

10554.98 I 29735.80 ** 9252.20 I 40237.20
I I

11021.87 I 30606.00 ** 10002.04 , 40440.70
I I

11518.06 I 32995.70 ** 11004.53 I 40929.50
I I

12007.54 I 35158.30 ** 11508.55 I 41557.10
I I

13074.37 I 40359.00 ** 12038.29 I 41834.10
I I

14014.70 I 46733.60 ** 12526.55 I 42035.10
I I

14546.37 I 47509.40 ** 13001.79 I 43757.00
I

15057.06 I 47733.80 ** 13559.42 46850.70
I

16006.72 I 48103.40 ** 14084.78 49357.90
I

17074.47 I 48826.40 ** 14797.52 49407.70
I

18079.70 I 51190.10 ** 15103.88 49474.20
I

18604.87 I 52467.10 ** 16295.16 49805.7
I

19014.61 I 55098.30 **I

21244.83 I 55192.10 **I

------------ I ------------ ** ------------ ------------
I
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Table 5.42.5 &5.42.6--------------
Distance and Corresponding Area, J-10 (Ch. 134.30 KIn.)

------------------------- ** -------------------------
Year 1981-82 ** Year 1986-87

------------ I ------------ ** ------------ ------------I

Distance I Area ** Distance AreaI

(m) I (m2 ) ** ( m) (m2 )I

------------ I------------ ** ------------ ------------I

551. 69 I 24.61 ** 533.54 216.718I

1021.08 I 471.45 ** 1007.62 381.408I

1518.51 I 2951. 35 ** 1509.45 1407.122I

2036.06 I 5520.00 ** 2058.23 2279.69I

2519.48 I 5790.48 ** 2516.46 4208.14I

3001.06 I 6737.85 ** 3000.00 4634.20I

3537.81 I 12393.67 ** 3524.39 4781.74I

4013.91 I 17471.01 ** 4009.45 6381.25I

4573.83 I 22133.40 ** 4558.23 7084.61I

4992.32 I 25280.40 ** 5030.79 8146.04I

5502.25 I 28469.70 **I

6054.24 I 30293.20 ** 5525.91 10755.97I

6541. 92 I 31889.40 ** 6075.00 14377.00I

7039.66 I 32411.00 ** 6529.57 18147.54I

8019.59 I 32914.10 ** 7000.91 18248.51I

8601. 76 I 33425.10 ** 8403.66 18486.16I

9014.76 I 34987.90 ** 9024.08 19015.15I

955+.62 I 36581. 20 ** 9542.07 19594.86I

11011.81 I 36867.90 ** 10025.00 20314.20I

11520.83 I 37100.4 ** 10917.68 20314.20I

12023.75 I 37837.90 ** 11554.27 22593.101

12516.31 I 39642.1 ** 12504.88 22804.30I

13068.60 I 42601.60 ** 13046.34 24478.50I i

13519.71 I 43499.20 ** 13596.95 I 27879.90I I

14000.99 I 45048.80 ** 14058.23 I 30878.40I I

14405.76 I 46369.60 ** 14502.74 I .34373.30I I
I ** 16501.83 1 37750.40I I------------:------------ ** ------------ I ------------I
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Table 5.42.7& 5.42.8

Distance and Corresponding Area, J-10 (Ch. 134.30 Km. )

Year 1990-91

Area
(m2 )

o
98.90

850.665
850.665
3661.26
4508.48
5111.26
5648.86
5990.42
6789.32
7353.32
8640.58
9480.18
10669.33
12986.97
14655.06
14709.03
15006.24
15472.40
15638.42
19791.21
21813.60
22470.60
24405.30
28719.40
30645.40
31491.20
35434.10
40330.30
41476.60
42664.10
42877.70

888
1028
1535
2029
2543
3076
3518
4058
4542
5022 '
5502
6054
6552
7008
7548
7989
8548
9009
9507
10000
10511
11029
11509
12031
12502
13033
13503
14020
14521
15052
15454
16500

Distance
( m)

I
1
1
I
1
1
I
1
I
I
I
1
I
1
I
I
I
I
I
I
I
1
I
I
I
I
I
1
I
1
I
1
1
I
I

------ 1 ------
1

**,~*
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**

_________________________ 1

I

I Year 1988-89 :
1 1 11------------1------------,
: Distance: Area :
: (m) : (m2 ) :
1 1 ,

1 I I

: 734.54 : 93.51 :
: 1002.70 : 524.61 :
: 1562.34: 1675.84:
: 2075.35: 2390.32:
: 2588.35: 3681.31:
: 3031.41: 6206.34
: 3591.06: 7764.55
: 4010.79: 8487.19
: 4523.80: 8774.01
: 4990.17: 9025.26
: 5503.17: 9560.88
: 6132.77: 10511.00
: 6529.19: 12417.89
: 7065.15: 15812.57
: 8622.02: 15933.13
: 9024.28: 16359.55
: 10516.66: 16559.03
: 11099.62 ,20441.30
: 11635.95 23785.40
: 12009.05 24894.80
: 12358.82 26147.60
: 12988.43 26394.80
: 13454.80 26802.80
: 14037.76 28250.70
: 14550.77 1 31965.30
: 15017.14: 35277.60
: 15973.20: 35295.30
1 1
1 1
1 I
I 1
I 1
I I
1 1
I -I
I I
I I
I 1
I I:------------:------------
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i

Table 5.43.1& 5.43.2
-------------------

Distance and Corresponding Area, J-9 (Ch. 142.45 KIn.)

------------------------- ** -------------------------
Year 1969-70 ** Year 1976-77

------------ I ------------ ** ------------ I ------------
I I

Distance I Area ** Distance I Area
I I

( m) I (rn2 ) ** ( m) I (m2 )
I I

------------ I ------------ ** ------------ I ------------
1 I

596.19 I 332.209 ** 266.21 I 34.17
1 1

1044.35 I 548.124 ** 773.95 I 34.17
I I

1782.78 I 548.124 ** 1030.01 I 2070.72
I 1

2058.01 I 2759.06 ** 1574.44 I 3137.85
I I

2546.60 I 6621.98 ** 2019.27 , 3232.81
I I

3033.37 I 9079.01 .":* 2585.67 I 3342.43
1 1

3543.30 , 133(,5.30 ** 3077.99 I 6737.75
I I

4077.92 I 17424.07 ** 3516.97 I 8177.98
I I

4653.38 I 17877.40 ** 3996.96 I 10556.76
1 I

5067.60 I 17877.40 ** 4582.49 I 12675.27
I I

5579.06 I 18565.72 ** 5027.83 I 15789.93
1 I

5953.96 I 18565.72 ** 5507.71 I 19900.63
I I

6139.89 I 18565.72 ** 6166.47 I 25469.20
I I

6522.72 I 18623.79 ** 6583.89 I 27027.40
I 1

7021.37 I 19623.27 ** 7022.65 I 28075.40
I I

7662.06 1 22445.60 ** 7520.39 I 29566.30
I I

10212.06 I 22445.60 ** 8044.28 I 30377.00
I I

10547.30 I 23271.10 ** 8556.86 I 31336.90
I I

11124.59 I 24578.00 ** 9052.93 I 31941. 70
I I

11522.05 1 25011.60 ** 9518.57 I 32728.70
I I

12047.52 I 27308.30 ** 10003.23 I 34263.20
I I

12544.96 I 27575.90 ** 10679.89 I 36195.50
I I

13028.68 I 28365.80 ** 11052.44 I 36195.50
I

13557.20 I 29623.30 ** 11561.67 36569.10
I

14289.63 I 29623.30 ** 12035.49 36769.60
I

14659.05 I 29655.20 ** 12529.11 37233.10
I

15552.55 I 29655.20 ** 13002.68 37296.90
I
I ** 13448.14 37583.60
I
! ** 13987.97 40078.50
I
I ** 15126.37 40078.50
I

------------ I ------------ ** ------------ ------------
I
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Table 5.43.3 & 5.43.4
-------------------

Distance and Corresponding Area, J-g (Ch. 142.45 Km.)

------------------------- ** -------------------------
Year 1977-78 ** Year 1981-82

------------ I ------------ ** ------------ I ------------
I I

Distance I Area ** Dista!1ce I Area
I I

(m) I (m2 ) ** ( m) I (m2 )
I I

------------ I ------------ *,,< ------------ I ------------
I I

504.54 I 33.273 ** 270.66 I 65.764
I I

775.26 I 33.273 ** 544.98 I 123.841I I

1001.57 I 2135.53 ** 804.67 I 123.841I I

1547.68 I 3507.61 ** 1029.92 I 1679.22I I

1978.21 I 3657.06 ** 1519.43 , 2746.02
I I

2485.16 I 6667.68 ** 2068.98 I 2330.10
I I

2995.24 I 10808.42 ** 2546.91 I 7111.58
I I

3475.18 , 11758.83 ** 2990.70 I 10231.26I I

3986.78 I 13601.97 ** 3532.92 I 11964.48
I I

4509.39 I 15673.67 ** 4055.36 I 11973.54I I

4989.42 I 17388.92 ** 4543.04 I 12464.57I I

5500.91 I 20306.30 ** 5051.45 I 13956.38I I

6072.68 I 25327.40 ** 5554.37 I 18448.51I I

6521. 20 I 27129.10 ** 6020.10 I 22484.20I I

7097.69 I 27472.50 ** 6528.21 I 26207.40I I

7526.49 I 27844.60 ** 7056.42 I 27356.30
I I

8020.81 I 28027.60 ** 7422.18 I 27369.10I I

8508.58 I 28027.60 ** 9029.40 I 27369.10I I

9059.84 I 28709.60 ** 9090.36 I 27599.20I I

9525.70 I 29356.80 ** 9591. 45 I 27599.20
I I

10015.91 I 31069.80 ** 10058.40 I 28067.70I I

10518.16 , 32444.30 ** 10524.74 I 28661.80I I

11028.94 I 33807.20 ** 10924.95 I 29185.60I I

11500.13 I 33970.20 ** 11534.55 I 29185.60I I

12012.26 I 34272.70 ** 12035.33 I 32577.90I I

12498.11 I 34457.30 .** 12575.44 I 36516.80I I

12876.92 I 34610.80 ** 13032.64 I 38341.00I I

13453.81 I 34610.80 ** 13520.62 I 39873.40I I

13937.56 I 35137.30 ** 13977 .82 I 40532.40I I

14496.14 I 36919.20 ** 15273.22 I 40532.40I I

15339.21 I 36919.20 ** 15450.31 I 40558.70I I
I ** I------------ ------------ ------------ ------------
I I
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Table 5.43.5 & 5.43.6
-------------------

Distance and Corresponding Area, J-9 (Ch. 142.45 KIn.)

------------------------- ** -------------------------
Year 1986-87 ** Year 1988-89

------------ ------------ ** ------------:------------
Distance Area ** Distance I AreaI

(m) (m2 ) ** ( m) 1 (m2 )I

------------ ------------ ** ------------ I------------I

461.28 82.85 ** 324.67 I 68.644I

768.29 82.85 ** 742.10 I 68.644I

1026.52 965.245 ** 1043.58 1 2178.72I

1514.94 2488.74 ** 1507.39 1 3532.35I

2044.82 2907.45 j-* 2017.58 1 5599.161

2509.45 4112.60 ** 2550.96 I 7598.23I

3074.70 7398.76 ** 3014.77 I 8791.84I

3550.00 10075.88 ** 3617.72 I 9085.44I

4020.43 11847.38 ** 3942.40 1 10505.91I

4532.62 13926.99 ** 4638.11 I 13670.81I

5025.61 18484.50 ** 4962.78 I 14293.94I

5506.71 19509.26 ** 5496.17 I 15341.12I

6020.12 21486.00 ** 6029.55 I 16355.74I

6559.45 23995.60 ** 6493.36 1 17908.24I

6973.17 24613.00 ** 7049.93 I 19268.58I

7554.27 24651.00 ** 7560.12 1 19340.42I

7798.78 25002.40 ** 7815.22 I 19539.27I

9732.01 25002.40 ** 9832.80 I 19539.27I

10022.26 25289.40 ** 10203.85 I 19895.48I

10584.45 25289.40 ** 10598.09 I 21107.20I

11041.77 26646.80 ** 10899.56 I 23318.70I

11529.57 27637.70 ** 11201.04 I 25515.00I

12003.66 27810.40 ** 11409.76 I 26987.50I

12519.82 29772.60 ** 11989.52 1 18589.00I

13075.61 34210.60 ** 12522.90 I 30470.90I

13560.67 36332.70 ** 13033.10 I 34945.60I

14078.05 38090.40 ** 13566.48 I 38460.50I

14402.13 39095.50 ** 13821.57 1 39693.40I

15479.88 39095.50 ** 14447.72 I 43899.50I

** 15500.00 I 46244.10I

------------ ------------ ** I------------ ------------I
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Table 5.43.7

Distance and Corresponding Area, J-g (Ch. 142.45 KIn.)

1 _

I

: Year 1990-91
I I1------------1------------

Area
(m2 )

Year 19-

Distance
( m)

I
I
1
I
I
I
I
I
I
I
I
I
I
I
1
I
I------------:------------

**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**

Area
(m2 )

43.20
51.87
51.87

1528.86
3590.78
6209.76
6612.94
7082.44
8103.58
9379.72
10581. 08
10764.32
10764.82
11448.90
12091.80
12239.70
12239.70
12713.50
15692.02
18940.26
20888.90
22067.30
24625.80
32686.20
36883.00
38253.60
39081.60
40028.80
41547.10
41547.10

255
329
715
1002
1562
2003
2505
3075
3507
4047
4557
4914
5655
6009
6539 I

6849
9589
10005
10577
11129
11547
12017
12545
13049
13556
14005
14545
15014
15480
15803

Distance
( m)

I
I
I
I
I
I
I
1
I
I
1
I
I
I
I
I
I
1
I------------1------------
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Table 5.•44.1 & .5.44.:1
---------------------
Distance and Corresponding Area, J-8 (Ch. 149.50 KIn.)

------------------- ______ 1 ** 1 ______ -------------------,
I I I

Year 1969-70 I ** I Year 1976-77 I

I I I

____________ , ____________ 1 ** 1 ______ ------ ------------
I I I

Distance I Area I ** I Distance Area
I I I

(m) I (m2 ) I ** I (m) (m2 )
I I I

------ ______ 1 ______ ------, ** 1 ____________ ------------
I I I

0 I 0 I ** I 0 0
I I

451.'11 243.10 I ** I 531.27 0
I I

573.33 269.90 I ** I 1109.47 2110.20
I I

1779.42 269.90 I ** I 1607.21 4959.80
I I

1962.30 298.90 I ** I 2094.59 7790.00
I I

2374.39 328.50 I ** I 2552.70 11552.80I I

2950.16 1858.00 I ** I 3109.87 14038.10I I

3448.20 5001. 90 I ** I 3597.55 14668.40
I I

3691.74 5518.60 I ** I 4268.72 15954.94I I

4091. 94 5518.60 I ** I 4917.95 15954.94I

4460.14 7054.00 I ** 5162.40 15979.33I

4926.79 13866.52 I ** 5889.78 15979.33
I

5430.01 19627.13 I ** 6072.84 15985.43I

5961.58 21990.10 I ** 7211.87 15985.43
I

6298.69 22539.35 ** 7516.67 16073.82
8183.58 22539.35 ** 7954.98 16073.82
8457.90 22562.51 ** 8320.74 16181.72
8800.80 22800.66 ** 9088.53 16181.72
9871.86 22800.66 ** 9576.21 17281. 43
9919.41 22853.88 ** 10074.86 19761.36 I

I

10437.57 22878.26 ** 10595.76 24367.86 I
I

10894.16 23349.95 ** 11146.23 27703.11 I
I

11477.85 23349.95 ** 12042.34 33069.24 I
I

11901.22 24075.72 ** 12533.99 35625.40 I
I

I 12463.88 25381.20 ** 13612.98 35625.40 I

I
I

I 13002.46 28009.227 ** I

I
I

I 13340.79 28821.357 ** I

I
I

I 13988.91 28982.10 ** I

I
I

I 14470.68 28982.10 ** I

I
I

I ** I I

I
I I

1 ______ ------ ------------ ** ------ ______ 1 ______ ------,

I
I I
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,------ --------------------------------------------------

Table 5.44.~ & ~.44.4

Distance and Corresponding Area, J-8 (Ch. 149.50 Km.)

Year 1977-78
Area
(m2 )

o
14.00
14.00

1645.10
2818.30
6842.30
9269.10

14076.82
16638.29
16638.29
16680.35
16680.35
16685.76
16685.76
17360.12
21298.84
21965.13
24589.48
30341. 01

33343.256
33912.128
33931.30
33931.30

Year 1978-79

o
243.84
572.20

1120.14
1581.91
2604.21
3117.49
3606.70
4189.78
7048.50
7094.22
7611.16
7687.36
9283.29
9591.14

10095.59
10583.27
11113.62
11619.89
12092.64
12603.78
13233.50
13622.43

:--------~---:------------:

:-------------------------
I
I
1 _

I

: Distance
: (m)
1 _
I

I
I

I
I

I
I

I
I

I
I

I**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**

**

**
**
**
**
**
**
**
**
**
**

Area
(m2 )

o
o

3028.40
4428.10
6228.70

10667.50
14658.30
16255.40
17226.30
17226.30
17269.40
17714.10
19224.70
21765.26
25220.52
27908.55
31637.41
36343.08

38314.571
39629.667
39820.70

o
530.35

1070.76
1470.36
2053.44
2581.96
3069.34
3564.03
4109.31
8064.09
8528.00
9076.64
9494.22

10076.69
10571. 68
11048.70
11500.41
12050.88
12542.82
13012.83
13577.01

------------:------------
Distance :

(m) :
------------:------------

I
I

I
I

1
1

I
I

I,
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Table 5.44.5 & 5.44.6---------------------
Distance and Corresponding Area, J-8 (Ch. 149.50 KIn.)

1 ______ ------------------_1 ** ------------------- ______ 1
I I I

I Year 1981-82 I ** Year 1986-87 I

I I I

1_----------_1_----------_1 ** ------ ______ 1 ____________ 1

I I I I I

I Distance Area I ** Distance I Area I

I I I I

I (m) (m2 ) I ** (m) I (m2 ) I

I I I I

,------------ ------------, ** ------ ______ 1 ______ ------,
I I I

0 0 I ** 0 I 0 I
I I I

610.21 1155.10 I ** 426.83 I 548.40 I
I I I

1114.65 3186.40 I ** 947.87 I 2531. 60 I
I I I

1591.67 3435.30 I ** 1424.70 I 3837.00 I
I I I

2079.35 4422.60 I ** 1930.18 I 4189.00 I
I I I

2586.23 5787.60 I ** 2429.88 I 4309.20 I
I I I

3077.87 6997.00 I ** 2957.62 I 5937.50 I
I I I

3620.41 11763.80 ** 3451.83 I 6520.10 I
I I

4123.33 12903.70 ** 3937.20 I 11457.00 I
I I

8726.73 13663.30 ** 4392.38 I 15741.06 I
I I

9053.78 14218.30 ** 4914.63 19246.33 I
I

9589.31 20144.20 ** 6494.21 19246.33 I
I

10045.29 24676.68 ** 6616.77 19439.34 I
I

10679.28 I 31045.85 ** 7855.18 19439.34 I
I

11099.90 32880.391 ** 7966.16 20199.00 I
I

11618.05 34086.18 ** 8419.82 24446.73 I
I I

12105.74 34519.606 I ** 8958.54 27314.92 I
I.

12532.46 34589.10 I ** 9428.35 28984.42I

13635.23 34589.10 I ** 9958.23 29715.14I

I ** 10427.74 31182.21I

I ** 10968.29 32584.225I

I ** I 11456.10 33110.451I I

I ** I 11967.38 33322.695I I

I ** I 12512.20 33398.90I I

I ** I 12957.93 33398.90I I

I ** I 13362.80 33717.70I I

I ** I 13970.73 33717.70I I

I ** I
I I I I I I

1 ____________ 1 ______ ------, ** 1 ____________ 1 ____________ 1

I I I I I I
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Table 5.44.7 &- 5.44.8 .."---------------------
Distance and Corresponding Area, J-8 (Ch. 149.50 KIn.)

------------------- ______ 1 ** 1 ______ ------------------_1
I I I

Year 1988-89 I ** , Year 1990-91 I

I I I

------ ______ 1 ______ -----_1 ** ,------------ ------------ I

I I I I

Distance I Area ** I Distance Area I

I I I

(m) I (m2 ) ** I (m) (m2 ) I

I I I I

____________ , ____________ 1 ** t ____________ ------------ I

I I I

0 I 0 I ** 0 0 I

I I I

637.40 I 0 I ** 224 0 I

I I I

933.34 I 2688.60 I ** 1675 1617.10 I

I I I

1365.87 6440.80 I ** 2181 2439.70 I

I
I

1980.51 8315.50 I ** 2640 4824.30
I

2367.49 9046.90 I ** 3180 5815.00
I

2959.38 12136.50 I ** 4000 5815.00
I

3414.66 13211.30 ** 4188 6108.10 )
I

4143.13 13211.30 ** 4512 6652.40 I
I

4370.77 13420.70 ** 5977 6652.40 I
I

4962.64 13510.80 ** 6178 7392.30 I
I

5383.78 14617.01 ** 6637 8496.20 I
I

5895.98 18869.69 ** 7150 8496.20 I
I

6396.80 21998.23 ** 7250 8615.70 I
I

7034.20 24379.56 ** 8103 8615.70 I
I

8468.37 24379.56 ** 8639 12740.30 I
I

8912.27 25767.96 ** 9172 15188.80 I
I

9424.47 27005.82 ** 9651 15773.20 I
I

9822.84 27483.87 ** 10151 16766.20 I
I

10926.92 27908.94 ** 10786 19740.80 I
I

11222.86 28647.20 ** 11120 19740.80 I
I

11996.85 28647.20 ** 11530 19804.40 I
I

12452.14 29513.62 ** 11893 19804.40 I
I

12793.61 31196.16 ** 12139 21677.00 I
I

13442.39 33949.00 ** 12660 26023.51 I
I

13977.35 33974.098 ** 13171 30934.86 I
I

14296.06 33983.66 ** 13646 34542.91 I
I

14637.52 34015.10 ** 14153 37383.61 I
I

14978.99 34015.10 ** 14657 38871.985 I
I

** 15293 40790.32 I
I

** 15690 40869.90 I
I

** I
I I

------------ ------------ ** ------ ______ 1 ______ -----_1
I I
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Table 5.45.1 & 5.45.2-
---------------------

Distance and Corresponding Area, J-7 (Ch. 162.35 KIn.)

1 ______ ------------- ______ 1 ** ,-------------------------I I I

I Year 1969-70 I ** I Year 1976-77I I I
1 ______ ------ ____________ 1 ** ------------ ------------I I

I Distance Area I ** Distance AreaI I

I (m) (m2 ) I ** (m) (m2 )I I

,------------ ------------, ** ------------ ------------I I

0 0 I ** 0 0I

498.96 202.10 I ** 264.26 91. 40I

1047.60 202.10 I ** 2075.69 497.30I

1352.40 361.30 I ** 2573.12 5476.90
2329.28 361.30 ** 3064.73 7200.90
2917.85' : 8827.70 ** 3550.92 7804.20
3394.56 11198.90 ** 4027.63 7952.90
3906.62 12182.23 ** 4487.88 7952.90
4180.94 12339.96 ** 4746.96 7978.30
4783.53 12339.96 ** 5958.54 7978.30
5920.69 12402.30 ** 6049.98 8085.60
5426.66 12501. 57 ** 6566.92 11004.20
5933.24 14964.87 ** 7052.77 I 11662.47
6437.68 19096.76 ** 7231.38 11850.09
6918.66 21292.21 ** 7610.55 11850.09
7404.51 I 22419.42 ** 8014.72 13914.39
7936.99 23813.33 ** 8557.26 18801.32 I

I

8435.95 25592.74 ** 9053.17 23152.81 I
I

8938.87 27955.971 ** 9543.29 26173.34 I
I

9451. 24 29706.65 ** 10040.11 27405.56 I
I

10897.21 29706.65 I ** 10532.67 27471.41 I
I I

10912.45 29722.34 I ** 11006.94 29056.032 I
I I

12615.37 29722.34 I ** 11734.19 30252.25 I
I I

13164.01 29783.30 I ** 12798.25 30252.25 I
I I

14444.17 29783.30 I ** 13542.57 30401.996 I
I I

I ** 14077.49 30430.0 I
I I

I ** I I
I I I I I
• _----- ______ 1 ____________ 1 ** 1 ______ ------ -----------_ .I I I I I
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Table 5.45.3& 5.45.4
---------------------
Distance and Corresponding Area, J-7 (Ch. 162.35 KIn.)

1 ______ ------------------_
1 ** ------------------- ______ 1

I
I

I

I Year 1977-78 I ** Year 1978-79 I

I
I

I

, ____________ ------ ______ 1 ** ------------ ------ ______ 1

I
I

I

I Distance Area I ** Distance Area I

I
I

I

I (m) (m2 )
I ** (m) (m2 ) I

I
I

I

1______ ------ ------------1 ** ------------ ------ ______ 1

I
I

I

I 0 0 I ** 0 0
I

I

I 186.54 64.30 I ** 182.88 30.80
I

I

I 2065.02 709.30 I ** 2064.72 30.80
I

I

I 2538.68 4724.90 I ** 2558.49 5400.70
I

I

3075.43 8568.80 I ** 3046.17 9593.90
I

3537.51 8793.40 I ** 3568.29 10834.50
I

3844.14 9198.30 I ** 4073.35 10996.40
I

3953.87 9198.30 I ** 4563.16 10996.40
I

4136.86 9275.10 I ** 4867.96 11081.60
I

4563.47 9275.10 I ** 5019.45 11081.60
I

4990.19 9343.40 I ** 5565.34 11117.40
I

5246.22 9343.40 I ** 5900.62 11117.40
I

5490.06 9366.60 I ** 6022.54 11139.70
I

5733.90 9427.70 I ** 6572.71 12841.30
I

5965.24 9427.70 I ** 7045.15 13210.60
I

6557.47 11846.30 I ** 7658.71 15627.00
I

7001. 56 12998.32 I ** 7991.86 18413.40
I

7245.40 13366.22 I ** 8563.66 22875.63
I

7399.93 13366.22 I ** 9071.76 25209.15
I

8057.69 19310.14 I ** 9531.40 26797.27
I

8567.32 22812.27 I ** 10066.93 27502.80
I

9046.46 24284.93 I ** 10524.13 I 28639.25
I

9530.79 25774.24 I ** 11063.02 29108.24
I

10044.68 26993.06 I ** 11534.85 30361.37
I

10547.30 27182.36 I ** 12057.58 33229.19
I

11034.06 29320.718 I ** 12524.54 37127.85
I

11224.26 29791. 67 I ** 12951.87 40272.91
I I

11707.06 30586.876 I ** I 13587.98 40368.465
I I

13743.07 30586.876 I ** I 14079.02 40492.0
I I

14075.36 30648.90 I ** I
I I

I ** I

I I I

------ ______ 1 ______ -----_1 ** 1 ______ ------ ------------
I I I
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Table 5.45.5 & .5.45.6
---------------------
Distance and Corresponding Area, J-7 (Ch. 162.35 KIn.)

------------------- ______ 1 ** ------------------- ______ 1
I

I

Year 1981-82 I ** Year 1986-87 I

I
I

------ ______ 1 ______ -----_1 ** ------ ______ 1 ______ -----_1

I I
I I

Distance I Area I ** Distance I Area I

I I
I I

(m) I (m2 )
I ** (m) I (m2 )

I

I I
I I

------ ______ 1 ______ -----_1 ** ------ ______ 1 ______ -----_1

I I
I I

0 I 0 I ** 0 I 0 I

I I
I I

265.79 I 77.30 I ** 2251.83 I 4061.70 I

I I
I I

2067.46 I 535.10 I ** 2744.21 I 7889.60 I

I I
I I

2492.04 I 8088.40 I ** 3226.83 I 9007.03 I

I I
I

3005.94 I 12673.90 I ** 3744.21 11020.88 I

I I
I

3565.55 I 15163.60 I ** 4193.60 11108.68 I

I I
I

4051. 40 15590.70 I ** 4532.93 11108.68 I

I
I

4555.85 16294.50 I ** 4805.79 11135.97 I

I
I

5057.24 17287.50 ** 5181.10 11135.97 I
I

5529.68 18540.30 ** 5755.79 13374.13 I
I

6047.84 19246.80 ** 6251.22 13747.83
6558.38 20898.40 ** 6947.73 14286.46
6995.16 22253.60 ** 7239.02 14733.04
7554.77 24042.00 ** 7720.43 16081.13
8046.42 27626.00 ** 8200.61 19085.19
8571.28 30531.80 ** 8541.77 20142.02
9058.96 32825.70 ** 9463.42 20142.02
9531.10 35451.20 ** I 9747.56 20863.44

10103.51 I 39053.30 ** I 10251.83 22284.88
I

I

10569.55 I 42854.80 ** I 10694.82 22284.88
I

I

11058.75 I 46223.80 ** I 11221. 04 22719.19
I

I

11570.51 I 51133.20 ** I 11708.84 22964.46
I

I

12014.30 I 56621.37 ** I 12207.32 22986.03
I

I

12510.52 I 62419.33 ** I 12724.09 23143.96
I

I

13032.33 I 67065.984 ** I 13260.98 24282.24
I

I

13452.96 I 67571.618 ** I 13881.10 27981.714
I

I

14072.01 I 67725.70 ** I 14263.42 28182.70
I

I

I ** I

I I I I I

1 ______ -----_1_----------_1 ** 1_----------_1_----------_1
I I I I I I
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Table' 5.45.1 & 5.•45.8---------------------
Distance and Corresponding Area, J-7 (Ch. 162.35 KIn.)

------------------- ______ 1 ** -------------------------I

Year 1988-89 ** Year 1990-91
____________ 1 ____________ ** ------ ______ 1 ______ ------

I I

Distance I Area ** Distance I Area
(m) (m2 ) ** (m) (m2 )

------------ ------------ ** ------------ ------------
0 0 ** 0 0

2040.46 234.40 ** 242 54.20
2429.12 3138.20 ** 744 631. 60
3036.40 8674.50 ** 1224 2182.30
3546.51 9983.40 ** 1857 2887.80
4555.33 9983.40 ** 2293 2887.80
4955.41 10542.20 ** 2754 3045.40
5392.65 11832.10 ** 3267 3283.10
6024.22 13185.80 ** 3747 4046.50
6534.34 14696.60 ** 4259 5355.90
6801. 54 16044.86 ** 4533 7086.30
7384.53 18604.68 ** 5760 7086.30
7894.64 22031.40 ** 6256 9486.07
8550.51 24040.69 ** 6761 11190.18
8866.29 24040.69 ** 7271 11781.02
9449.28 24117.88 ** 7763 12705.86
9862.23 25803.02 ** 8183 I 13072.88I

10493.80 28315.59 ** 8717 I 14183.48I

10931.04 28328.95 ** 9093 I 15659.40I

11344.00 29183.52 ** 9462 I 15783.04
I

I

I 11854.11 29719.13 ** 10130 I 15783.04
I

I

I 12461.39 29835.60 ** 10770 I 17805.02
I

I

I 12947.21 30004.18 ** 11257 I 21219.83
I

I

I 13433.04 31485.82 ** 11722 I 25635.46
I

I

I 13967.45 35010.746 ** 12169 I 28780.00
I I I

I 14453.27 35706.90 I ** 12202 I 28780.00
I I I

I I ** 14271 I 29037.60
I I I

I I ** I I I

I I I I I

1 ______ ------ ------ ______ 1 ** 1 ______ -----_1_----------_1

I I I I I
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Table 5.46.1 & 5..46.2

Distance and Corresponding Area, J-6 (Ch. 177.70 KIn.)

Area
(m2 )

Year 1976-77
I I1-------------------------,

Year 1969-70
------ 1 ------

I

Distance :
(m) :

I------------,------------
542.85: 211.941
1107.95: 247.616
1571.55: 282.222
2001.01: 292.548
2478.33: 972.916
3028.19: 3466.75
3573.17: 5327.87
~978.25: 5855.53
4443.07: 6623.26
5080.10: 6680.97
5516.58: 6819.24
7077.46: 6943.68
7524.60: 7064.74
8804.15: 7080.70
9568.28: 7124.72
11016.39: 7178.04
11604.96: 11716.22
11993.27: 17693.26
12547.40: 22279.80
13038.73 23684.30
13498.98 26346.80
14030.86 27668.60
15189.40 29591.50
16033.09 29591.50
16483.28 29620.20
17077.03 1 29732.40
17571.11 30029.20
18090.49 30272.90
18517.51 30888.70
19386.50 31136.90

**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**

Distance
( m)

349.61
1251.20
2042.46
'2531.36
3017.22
3522.57
4052.01
4519.88
4916.12
7527.04
8037.58
8516.11
8942.83
9823.70
10012.68
10585.70
10977.68
11560.45
12037.47
12508.08
13004.29
13700.76
14019.89
14512.14
15005.91
15588.69

472

Area
(m2 )

69.565
69.565
566.313
1207.698
1515.005
1550.953
2198.47
3656.55
4227.16
4275.93
4299.40
4363.39
4566.69
4566.69
5586.73
8133.79
10272.54
13110.23
16010.37
21244.80
25675.80
25683.60
26068.10
26736.20
26979.70
27023.60



Table 5.46.3 & 5.46.4
---------------------

Distance and Corresponding Area, J-6 (Ch. 177.70 KIn. )

------------------------- I ** -------------------------
I

Year 1977-73 I ** Year 1973-79
I I

I ------------ I ------------ I *,,< ------------ I------------
I I I I

I Distance I Area I ** Distance I Area
I I I I

I (m) I (m2 ) I ** ( m) I (m2 )
I I I I

I ------------ I------------ I ** ------------ I ------------
I I I I

I 539.19 I 180.354 I ** 349.61 I 79.292
I I I I

I 1270.41 I 180.354 I ** 1285.95 I 86.211
I I I I

I 1818.44 I 531.617 I ** 1715.11 I 253.180
I I I

I 2001.32 I 784.296 ** 2036.98 I 581.415
I I

I

I 2495.09 I 1565.558 ** 2533.19 I 1076.854
I I I

I 3002.39 I 1773.299 ** 3014.78 I 1311.126
I I I

I 3543.30 I 1905.52 ** 3527.45 I 1419.14
I I

I

I 4002.94 I 2260.88 ** 4054.14 I 1658.994
I I

I

I 4503.72 I 3446.26 ** 4529.63 I 2633.41
I I I

I 4617.72 1 3690.60 ** 5029.50 I 4500.46
I I

I

I 4837.79 I 3690.60 ** 5498.59 I 5381.24
I 1 I

I 4907.28 I 3930.31 ** 7474.61 I 5441.97
I I

I

I 5013.96 I 4589.21 ** 3021.42 I 5467.60
1 I I

I 5575.10 I 5269.98 ** 9457.33 I 5659.77
I I

I

I 7470.34 I 7530.97 ** 9842.60 I 5659.77
I I

I

7839.46 I 7530.97 ** 10526.27 I 6297.73
1 I

7972.96 I 7615.06 ** 11029.91 I 6979.87
I I

9477.15 I 7782.82 ** 11544.91 I 8365.53
I

I

10020.00 I 7782.82 ** 12022.23 I 11246.53
I I

10510.72 I 8868.60 ** 12509.60 I 17353.38
I

10998.40 I 9508.71 ** 13020.14 24776.60
I

11553.75 I 10658.83 *,,< 13552.02 30455.70
I

12045.09 I 12222.65 ** 14017.45 30904.40
I

12526.98 I 17066.62 ** 14695.32 31332.70
0

12997.59 22641.80 ** 14939.16 31332.70
13417.60 25241.10 ** 15093.70 31357.10
14545.06 25800.60 ** 15577.72 31357.10
15037.31 26166.30 **
15587.17 26166.30 **

**
------------ ------------ ** ------------ ------------
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Table 5.46.5 & 5.46.6

Distance and Corresponding Area, J-6 (Ch. 177.70 KIn.)

18.99
257.73
298.63
814.11
926.36
2975.67
3397.60
3937.08
4240.66
4579.14.
4923.11
5182.66
5660.22
5903.38
6161.10
6315.20
6530.58
7154.35
8642.04
9471.60

11475.68
18491.62
25960.00
33350.00
38319.70
42410.70
42971.40
42971.40

Year 1986-87

169.942
193.417
291.892
291.892
939.330
1222.356
1222.356
1971.37
2107.48
2107.48
2154.42
3132.72
3189.49
3230.72
3362.12
3381.72
6779.90
9908.09

14501.02
20437.80
24435.80
26590.00
28124.00
29509.90
29787.40
29787.40
29896.90

532.62
1553.66
1698.48

I------------1------------
Distance: Area

(m) : (m2 )
------ 1 ------

1
1
1
1
I
1
I

2064.33 :
2553.96 .:
3106.40 :
3569.21 :
4001.52 :
4360.67 1

5050.61
5590.55
7024.39
7808.94
8052.74
8538.72
9678.66

10032.93
10569.51
11131.71
12015.24
12519.21
13047.56
13543.29
14013.72
14318.60
14864.94
15584.15

**
**
**
**
**
**
**
**
**
**
**
**
**
**

**

**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**

1 1,-------------------------,
: Year 1981-82 :
1 1 I,------------,------------
: Distance: Area
: (m) : (m2 )' ' ------
1 1

: 1482.55:
: 2040.33:
: 2523.13:
: 3017.52:
: 3511.30:
: 4033.11:
: 4507.99:
: 5017.01:
: 5559.55:
: 6021.32 :
: 6509.00:
: 7060.69:
: 7530.08:
: 8021.12:
: 8549.94:
: 9225.08:
: 9536.89:
: 10056.57:
: 10510.42:
: 11052.96:
: 11530.58:
: 12052.10:
: 12546.48:
: 13199.67:
: 13617.55
: 14048.84
: 14450.26
: 15581.99
I
1, ------ ------------
I
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Table. 5.46.7 & 5.46.8.

Distance and Corresponding Area, J-6 (Ch. 177.70 KIn.)

Year 1990-91
I ',-------------------------,
: Year 1988-89 :,------------ ------------,, '
: Distance Area:
: (m) (m2):
, ------ 1
I I

: 582.99 175.144 :
: 1063.82 334.008 :
: 1578.93 393.702 :
: 2064.75 449.572 :
: 2647.75 553.541 :
: 2866.36, 1056.364:
: 3886.59: 1158.387:
! 4858.24: 1158.387:

5951.35: 3686.82:
6923.80: 3686.SZ:
7481.69: 3736.13:
9157.79: 3736.13:
9595.03: 3916.98:

10080.85: 7774.77:
10469.51: 12692.77 :
11028.21: 18724.53'
11878.41: 21200.30
12558.56: 22681.20
12995.80: 23402.60
13603.08: 23711.70
14088.90: 23885.20
14647.60: 24569.60
14696.18: 24680.10
18887.85: 24680.10,

I,,.,
I,,
I,,,
I------------1------------

**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
,"*
**
**
**
**
**
**
**
**
**
**
**
**
**

**
**
**
;"*
**
**
**

Distance
(m)

441
1029
1584
2023
2543
3043
3518
4028
4588
5051
5551
6056
6502
7017
7520
7635
9501

10004
10544
11044
12384
12504
13014
13544
14044
14550
15020
15535
15589

475

Area
(m2 )

o
2557.34
5199.66
5994.56
6032.96
6210.91
6252.66
7249.23
7602.03
8665.68

10660.98
13369.48
15903.01
21299.40
27608.10
28224.50
28224.50
28901.30
29852.60
30151.40
30282.50
30287.30
30906.00
30967.20
31000.20
31184.50
31505.10
32685.00
32707.10



Table 5.47.1 & 5.47.2

Distance and Corresponding Area, J-5 (Ch. 188.20 KIn.)

------------------------- I ** -------------------------I

Year 1969-70 I ** Year 1976-77
I

------------ ------------ I ** ------------ I ------------
I I

Distance Area I ** Distance I Area
I I

( m) (mZ )
I ** (m) I (m2 )
I I

I ------------ I ** ------------ I------------------------, I I

263.35 I 12.192 1 ** 1003.10 1 698.664
I I I

1141.17 508.16 ! ** 1504.19 I 2004.09I

1506.93 1025.101 ** 1568.20 I 2268.34I

1936.09 1194.368 ** 3932.53 I 2268.34I

2471.32 1194.368 ** 4084.93 I 2271.39,
3044.95 4073.85 ** 7533.44 I 2271.391

3609.44 4334.04 ** 8005.27 I 3266.72I

5800.65 4820.09 ** 8509.41 I 4927.92I

7986.06 4853.80 ** 9026.65 I 7355.521

8546.59 5636.07 ** 9371.99 I 7562.01I

9013.85 7718.20 ** 10412.58 1 7562.01I

9533.23 7720.16 ** 11002.67 1 13399.90I

10027.92 7893.05 ** 11601.60 1 17145.10I

10540.29 8069.96 ** 12724.79 ! 23889.30I

11027.97 9098.51 ** 13074.09 I 24883.50I

11521.44 10570.82 ** 13517.27 I 27320.50I

12222.48 10982.07 ** 14014.40 I 28504.90I

12771.12 10982.07 ** 14556.33 1 29955.90I

13008.86 11157.58 ** 15016.28 I 32082.20I

13523.06 13530.43 ** 15502.13 I 37515.20I

14057.68 15067.05 ** 16023.34 I 38020.60I

14503.60 16408.34 :~* 16596.36 I 38047.80I

15035.48 22149.50 ** I
I

15533.22 26321.30 ** I
I

16051.38 27696.30 ** I,
17710.71 28248.40 ** 1

I

18015.51 28523.00 ** I
I

18397.73 28616.20 ** . I
I

** I
I

------------ ------------ ** ------------ I ------------I
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Table 5.47.3 & 5.47.4

Distance and Corresponding Area, J-5 (Ch. 188.20 KIn.)

------------:------------

I 11-------------------------,
Year 1977-78

72.66
193.44
1913.51
2860.56
2947.62
3027.11
3046.43
3046.43
3094.29
3095.99
3380.51
4088.32
5190.12
7503.81
7652.07
8220.28
12383.95
19735.09
24019.00
31208.40
36868.60
42978.80
47832.20
50756.30
52643.00
55284.90
55588.80
56138.40

Year 1978-79
1 -------------------
I
I
I
I 1,------------,------------
: Distance: Area
: (m) : (m2 )

,------------,------------I I

: 1104.90:
: 1540.76:
: 2043.38:
: 2524.96:
: 3024.84:
: 3506.42:
: 4222.70:
: 5219.40:
: 5280.36:
: 7563.31:
: 8011. 36 :
: 8145.48:
: 8551.16:
: 9057.13:
: 10319.00:
: 10524.15:
: 11021.26:
: 11543.69:
: 11927.13:
: 12574.52:
: 13048.49:
: 12564.21 I

: 13976.60
: 14534.39
: 15000.12
: 15563.39
: 16045.28
: 16595.14
I
1
1
I
I
I
I
1
1
I
1 1
I 1:------------:------------

**

**
**"
**
**
**
**
**
**
**
**
**
**

**
**
**
**
**
**
**

**
**
**
**

**

**
**

**

**
**
**
**
**
**
**
**
**
**
**
**
**

Area

116.83
131.206
288.677
1335.934
2527.08
2675.24
2722.86
2763.62
2797.70
3051.47
3051. L;7
3056.78
3056.78
3287.84
4132.58
5837.18
6176.51
6223.61
6223.61
6249.21
11523.65
17202.39
24983.20
31754.90
37432.80
43587.40
43592.30
45311.60
48934.90
50028.60
50028.60
50294.40
50802.80

495.60
1016.51
1539.85
2033.32
2552.40
3555.49
3862.73
4498.54
4960.32
5416.30
5704.94
6002.43
7874.20
3084.82
3523.43
9019.64
9513.42
9706.97
10017.86
10466.53
11006.33
11546.13
12104.33
12589.76
13063.12
13857.43
14050.06
14538.66
15005.00
15379.29
15562.17
16008.71
16600.02

------------:------------
Distance :

(m) : (m2)
------ 1 ------

1
1
1
I
I
I
1
I
I
I
I
I
1
I
I
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TableS.47.S & 5.47.6
---------------------

Distance and Corresponding Area, J-5 (Ch. 188.20 KIn.)

------------------------- I ** -------------------------I

Year 1981-82 I ** Year 1986-87I
I I ** ------------ I -------_._----------------,------------, I

Distance I Area ** Distance I Area
I I

(m) I (m2 ) ** ( m) I (m2 )
I I

------------ I ------------ ** ------------ I------------
I I

637.64 I 13.643 ** 554.58 I 54.283
I I

1005.84 I 129.665 ** 1016.47 I 531.626
I I

1533.14 I 1493.075 ** 1538.11 I 1807.733
I I

2142.74 I 1578.981 ** 2096.95 I 2166.98
I I

2570.38 I 1727.930 ** 2504.27 I 2606.82
I I

3501. 24 I 1849.754 ** 3016.47 I 3164.54
I I

4034.64 I 2012.56 ** 3555.49 I 3529.14
I I

4529.94 I 2018.96 ** 4032.01 I 3695.48
I I

4889.60 I 2139.70 ** 4550.92 I 3727.41, I

6413.60 I 2139.70 ,~* 5737.20 I 3784.52
I I

6995.77 I 2262.61 ** 6042.08 I 3804.64
I I

7523.38 I 2315.95 ** 6510.67 I 4107.52
I I

8014.72 I 7795.40 ** 7036.28 I 4411.14
I I

8534.40 I 13257.30 ** 7551. 53 I 5339.15
I

,
9044.64 I 16090.63 ** 8188.42 I 8371.37

I I

9532.32 I 17090.68 ** 9025.31 I 14288.40
I I

10016.64 I 17987.26 ** 9558.84 I 18763.12
I I

10519.56 I 20683.70 ** 10038.72 I 22712.80
I I

11029.80 I 22699.00 ** 10541.47 I 25634.80
I I

12050.88 I .23296.20 ** 10859.76 I 26308.90I

12508.08 24162.80 ** 12887.20 I 26505.00,
13047.27 I 24736.70 ** 13550.61 I 26505.00

I I

13510.56 I 26196.30 ** 14056.71 I 27147.10
I

,
14059.20 I 27531.30 ** 14514.64 I 27662.10

I I

14551.15 I 28015.40 ** 15042.08 I 28513.30
I I

15015.36 I 29057.70 ** 15508.23 I 31340.90
I i

15504.57 I 31807.50 ** 16007.01 I 31861.30, I

16048.63 I 32383.30 ** 16606.10 I 32286.60
I I

16592.09 I 33015.70 ** I
I I
I ** I
I I

------------ I ------------ ** ------------ I ------------, ,
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Table 5 .47'.7 & 5.47.8
---------------------

Distance and Corresponding Area, J-5 (Ch. 188.20 Km.)

------------------------- ** -------------------------
Year 1988-89 ** Year 1990-91

------------ I ------------ ** ------------ I ------------I I

Distance 1 Area ** Distance I AreaI I

(m) I (m2 ) ** ( m) I (m2 )1 I

------------ I------------ ** ------------ I ------------I I

997.30 I 0 ** 524 I 367.89I I

1009.47 I 22.028 ** 1057 1 2534.72I I

1459.48 I 952.147 ** 1513 I 2982.10I I

1775.69 I 952.147 ** 2038 I 4563.69I I

2067.59 I 1017.943 ** 2509 I 6165.64I I

2554.08 I 1133.724 ** 2945 I 6789.33I I

2918.95 I 1510.635 ** 3531 I 6943.02I I

3575.72 I 1734.059 ** 4011 I 7366.16I I

4256.81 I 1834.76 ** 4551 I 7459.02I I

4767.62 I 1850.084 ** 5035 I 9471.44I I

6664.94 I 1850.084 ** 5530 I 12891.95I I

6969.00 I 2245.56 ** 6005 1 17061.201 1

7516.3\ I 7044.67 ** 6501 I 20909.20I I

8002.80 I 9706.59 ** 7055 I 23288.90I

8550.10 I 12385.39 ** 7524 24281.90I

9048.75 I 14684.42 ** 8054 26122.00I

9656.87 I 17485.27 ** 9098 29365.00I

10070.39 I 17909.37 .** 9501 33444.00I

10654.69 I 20811.60 ** 9970 36492.70I

11067.69 I 24802.90 ** 14802 36497.20I

12916.36 I 26511.60 ** 15042 36532.00I

13524.47 I 26924.20 ** 15658 37530.70I I

14035.30 I 27498.00 ** 16616 I 37530.70I I

14497.46 I 27498.00 ** 1
I I

14886.66 I 28444.50 ** I
I I

15202.88 I 28444.50 ** I
I I

15567.75 I 30489.60 ** I
I I

15933.82 I 32994.90 ** I
I I

16264.64 I 32994.90 ** I
I I

16700.00 I 33147.80 ** I
I I
I ** I
I I------------:------------ ** ------------ 1 ------------I
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Table 5.•48.1 &5.48.2---------------------
Distance and Corresponding Area, J-4 (Ch. 201. 30 Km. )

------------------- ______ 1 ** -------------------------
Year 1969-70 ** Year 1976-77

------------ ------------ ** ____________ 1 ____________

I

Distance Area ** Distance I AreaI

(m) (m2 ) ** (m) I (m2 )I

------------ ------------ ** ------ ______ 1 ______ ------
I

0 0 ** 0 I 0I

1401.16 2214.40 ** 381. 30 I 0I

1807.16 3064.70 ** 765.05 I 782.60I

2341.47 4011. 40 ** 1297.23 I 3039.30I

2853.23 4808.10 ** 1783.71 I 5514.30I

3487.82 5662.90 ** 2348.18 I 9857.94I

3983.43 5759.80 ** 2856.89 I 17422.22I

4455.26 7731. 20 ** 3365.30 I 20554.78I

4967.63 10828.90 ** 4127.30 I 20554.78
5480.61 13323.10 ** 4845.10 21414.25
5928.66 14175.50 ** 5342.23 23221.25
6903.11 16747.20 ** 5848.81 23997.01 I

7425.54 18518.00 ** 6339.23 26993.48 I
I

7966.56 22241.10 ** 6842.76 27545.59 I
I

8454.24 27740.10 ** 7391.70 28223.20 I
I

8991.84 32782.37 ** 7852.56 28223.20 I
I

9547.86 33238.09 ** I
I

9964.21 33458.36 ** I
I

10490.24 33993.69 ** I
I

11013.64 35t]gO.84 ** I
I

11465.95 36032.33 ** I
I

11968.88 37138.77 ** I
I

12882.98 38176.64 ** I
I

13457.83 39076.39 ** I
I

13958.31 I 39796.09 ** I

I
I

14489.58 I 41445.52 ** I

I
I

14946.31 I 41770.78 ** I

I
I

15403.07 I 42592.77 ** I

I
I

16499.74 I 44125.03 ** I

I
I

16894.76 I 44820.951 ** I

I
I

17470.14 I 45661.741 ** I

I
I

17992.95 I 46338.40 ** I

I
I

I ** I

I I
I I

1 ______ -----_1_----------- ** ------ ______ 1 ______ -----_1

I I
I I
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Table 5..48.3 & 5.48.4---------------------
Distance and Corresponding Area, J-4 (Ch. 201. 30 Km. )

-------------------------: ** ------------------- ______ 1I

Year 1977-78 I ** Year 1978-79 I
I------------ ------ ______ 1 ** ------ ______ 1 ______ ------
I I

Distance Area I ** Distance I AreaI I

(m) (m2 ) ** (m) I (m2 )I

------------ ------------ ** ------ ______ 1 ______ ------
I

0 0 ** 0 I 0I

381.30 0 ** 398.37 • 0I

826.01 1328.40 ** 825.09 I 893.10I

1198.47 2615.90 ** 1314.60 I 2529.10I

1719.07 5317.40 ** 1825.45 I 5736.04I

2272.28 9928.49 ** 2325.93 I 10113.43I

2786.48 14225.03 ** 2854.15 14321.56
3204.97 17100.02 ** 3351.89 19194.01
3860.29 19529.45 ** 3825.24 19701.91
4368.39 19671. 28 ** 4312.92 19983.09

I 4847.54 20154.51 ** 4837.79 204~9.88
I

I 5351.68 20613.45 ** 5325.47 20819.37
I

I 5839.36 21050.23 ** 5835.70 22591.99
I

I 6340.14 22380.19 ** 6345.02 26409.96
I

I 6872.71 28947.02 ** 6799.48 27894.948
I

I 7148.78 28947.02 ** 7306.36 28048.465I

I 7423.10 29706.258 ** 7641. 64 28048.465
I

I 7860.79 29775.80 ** 7858.05 28172.20
I I

I ** I I

I I I

1 ______ ------ ------------ ** ._----------- ------------,
I I I
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)- ~
TableS.48.5 & "5.48.6
---------------------
Distance and Corresponding Area, J-4 (Ch. 201. 30 KIn. )

' ______ ------------------_1 ** ------------------- ______ 1

I '

,
, Year 1981-82 , ** Year 1986-87 I

I
, I

:------------:------------: ** ------------ ____________ 1
1

I Distance , Area , ** Distance Area I, , , I, (m)
, (m2 ) I ** (m) (m2 )

,
1 1 I I

1 ______ ------,------ ______ 1 ** ------------ ------ ______ 1, I , ,
I 0 I 0 1 ** 0 0 I

I I I I

I 387.40 1 5.50 I ** 595.42 613.70 I

I I I
,

I 820.83 I 282.80 I ** 1178.35 1649.50 I

I I I I

I 1369.47 I 447.40 I ** 1669.81 8241.79
I I I

I 1888.54 I 1748.90 I ** 2032.92 1.3321.82I I

2351. 84 I 4173.60 I ** 2672.86 19662.87
I I

2843.17 I 9971.60 I ** 3125.00 21705.51, I

3336.65 I 16473.53 I ** 3646.34 22520.18
I I

3851.45 I 21909.87 I ** 4121. 03 22925.27
I I

4390.95 I 25914.35 , ** 4638.72 I 24007.48, I

4909.11 1 27757.54 ** 5132.62 25049.30,
5375.45 I 27805.45 ** 5620.42 25337.56,
5870.45 1 28257.86 ** 6100.61 25830.66I

6359.65 I 28630.02 ** 6646.64 26168.122,
6881.16 I 31960.81 ** 7165.55 26374.878

1

7421.88 I 34789.668 ** 7652.74 26570.759I

7909.56 I 35081. 40 ** 8156.40 27107.108
I

I ** 8569.20 27539.416
I ,
I 1 ** 8935.06 27539.416, I I

I I ** 9178.35 I 27668.50
I I

,
I I I ** ,
I , , I

1 ______ -----_1_----------_1 ** ,------------,------------
I I , I ,
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Table 5.48.7 & 5.48.8---------------------
Distance and Corresponding Area, J-4 (Ch. 201.30 Km. )

------------------- ______ 1 ** ,------------------- ______ 1
I I I

Year 1988-89 I ** I Year 1990-91 I

I I I

------ ______ 1 ______ -----_1 ** 1 ______ ------ ------ ______ 1

I I I I

Distance I Area I ** I Distance Area I

I I I I

(m) I (m2 ) I ** I (m) (m2 ) I

I I I I

------ ______ 1 ______ ------ ** 1 ______ ------
____________ 1

I I

0 I 0 ** I 0 0
I I

926.17 I 461.60 ** I 540 0
I I

1407.85 I 2881. 50 ** I 643 924.90
I I

2136.36 I 8402.70 ** I 1134 5209.50
I I

2467.53 I 8568.80 ** I 1607 -7971.10
I I

2684.29 8634.90 ** I 2147 11419.10
I

3286.38 8634.90 ** I 2621 14941. 80I

3888.48 8821. 30 ** I 3135 18716.88I

4442.40 9070.38 ** I 3618 22221.39I

4851.83 14914.13 ** I 4112 24806.36
I

5453.92 18759.21 ** I 4643 26256.34
I

6007.85 19809.04 ** I 5122 26424.28
I

6489.53 21858.27 ** I 5637 27670.53I

6947.12 23986.67 ** I 6174 27702.64
I

7549.22 27955.922 ** I 6597 27956.22
I

7838.21 29029.30 ** I 7094 28042.92
9500.00 29029.30 ** 7639 28176.13

** 8112 I 31461.76I

I ** 8748 I 34636.01
I

I

I ** 9148 I 35188.10
I

I

I ** I

I I
I

,------ ______ 1 ______ ------ ** ------ ______ 1 ______ ------

I I
I
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Table 5.49.1 & 5.49.2 .

Distance and Corresponding Area, J-3 (Ch. 213.20 Km.)

------------------------- ** -------------------------
Year 1969-70 ** Year 1976-77

------------ ------------ ** ------------ ------------
Distance Area ** Distance Area

( m) (m2 ) ** (m) (m2 )

------------ ------------ ** ------------ ------------
516.03 441.869 ** 515.42 71.049

1003.71 1110.296 ** 1012.24 572.834
1501.14 1580.752 ** 1527.35 912.524
2033.32 1995.338 ** 2037.89 1010.854
2506.68 5355.36 ** 2527.10 2607.92
3037.64 11007.93 ** 3535.07 10477.16
3539.95 16289.05 ** 4048.66 1.3415.18
4019.09 18228.69 ** 4550,05 14791.84
4502.20 18612.27 ** 5010.61 16692.22
5050.84 1.9414,81 ** 5551.32 19865.20
5545.53 19565.26 ** 6014.31 20963.50
6052.41 19727.92 ** 6501. 99 22232.00
6524.85 20646.70 ** 7050.02 24472.00
7005.22 20988.70 ** 7500.52 26941.70
7502.96 22443.40 ** 8006.79 31368.20
8143.95 25894.10 ** 9035.49 33314.80

** 9445.45 34377.40
**

------------ ------------ ** ------------ ------------
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Table 5.49.3 & 5.49.4
---------------------

Distance and Corresponding Area, J-3 (Ch. 213.20 KIn. )

------------------------- I ** -------------------------I

Year 1977-78 1 ** Year 1978-79I, 1 ------------ I ** ------------ 1 ------------1------------, 1 1

Distance 1 Area ** Distance 1 AreaI I

( m) 1 (m2 ) ** (m) I (m2 )
I 1

------------ 1 ------------ ** ------------ 1 ------------
I I

393.50 I 157.64 ** 332.54 I 73.55I 1

513.46 I 174.43 ** 576.38 I 73.55I I

1053.69 I 645.30 ** 1008.58 1 404.09I I

1514.86 I 1108.66 ** 1511.50 I 640.92I I

1987.60 I 1531.03 ** 2017.47 1 1296.22I I

2443.15 1 2725.65 ** 2555.14 I 4577.50
I I

2983.99 I 5779.24 ** 3012.03 I 7202.78I I

3534.77 1 8638.92 ** 3534.77 I 11302.56I I

3984.35 I 10052.73 ** 4014.83 I 13771.36I I

4458.92 I 13500.37 ** 4527.50 I 16335.11I I

5027.98 I 19731.79 ** 5092.90 I 19397.59I i I

5537.91 I 24476.80 ** I 5514.75 I 22514.00
I 1 I

5842.71 I 27112.50 ** I 5991.76 I 28176.90I I I

7164.32 I 43388.20 ** I 6518.76 I 30988.401 I

8010.75 I 49379.10 ** 1 7007.66 32308.30I I

8498.43 I 49585.60 ** I 7505.09 34890.60I I

9047.07 I 50464.40 ** I. 8069.58 41117.70I I

9476.23 I 51508.90 ** I 8559.09 42698.70I I
I ** I 9046.77 43358.90I I
1 ** I 9402.78 44298.40I I
I ** I 9531. 71 44442.20I I
I ** I
I I

------------ I------------ ** I ------------ I ------------
I I 1
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Table 5.49.5 & 5.49.6

Distance and Corresponding Area, J-3 (Ch. 213.20 Krn.)

Year 1986-87

95.927
322.476
4692.80
9270.15

12384.86
14128.66
15139.61
171.41.45
'19400.37
19458.68
19952..53
20539.50
20973.30
22483.10
24190.40
28944.00
30094.20
31048.20
32426.90

525.30
1069.21
1551.22
2063.41
2533.84
3009.45
3524.39
4012.20
4510.67
5013.72
5544.21
6032.01
6505.49
7044.21
7506.40
8046.95
8533.84
9027.44
9512.20

____________ 1 _

1

Distance: Area
(m) : (m2 )

------ 1 ------
I
1
I
I
I
I
I
1
1
I
1
1
I
1
I
I
1
I
1
1
1
1
1 •
I
1
I
I
1
I
1
1
I
I
1
I
1,
I
I
I
I
I------------,------------

1
1
1
r
I
I
1,
1
I
I
I
I
I
I
1
I •
!

**
**
**
*:'<
**
**
**
:'<*
**
**
**
**
**
*:'<

**
**
**
**
**
*:'<
**
**
**

**
**
**
**

1 11-------------------------1
: Year 1981-82 :

, 1------------1------------1
Distance: Area I

(m) : (m2 )

------------:------------
515.42: 236.169

1005.23 : 333.10
1519.73 : 414.37
2014.12: 3884.72
2502.41: 5072.77
3009.29: 7777.83
3575.30: 13677.34
4051.40: 15810.01
4505.86': 16288.84
5018.53: 17185.44
5536.69: 18063.11
6056.68: 19203.44
6538.87: 20285.80
7007.66: 24219.20
7490.76: 27659.20
7933.03: 32803.20
8510.93: 35184.40
9055.00: 36089.20
9565.54: 36740.60

I
I
I------------1------------
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Table 5.49.7 & 5.49.8
----------------------
Distance and Corresponding Area, J-3 (Ch. 213.20 KIn.)

------------------------- ** -------------------------
Year 1988-89 ** Year 1990-91

** I------------ ------------ ------------ ------------I

Distance Area ** Distance I AreaI

(m) (m2 ) ** (m) I (m2 )I

------------ ------------ ** I -------------1------------
677.13 757.921 ** 194 I 266.625I

1544.34 1990.84 ** 512 I 816.218I

1995.76 6712.33 ** 1002 I 1342.918I

2613.49 13126.13 ** 1~35 I 1622.7881
3017.40 16840.08 ** 2032 I 4878.16I

3563.86 21375.90 ** 2582 I 10409.03I

4039.04 24246.70 ** 3057 I 11093.69I

4514.22 26739.00 ** 3537 I 11145.29I

5036.92 28600.10 ** 3974 I 11157.29I

5583.37 31241.40 ** 4496 1 1J.157.291
6082.3i 32756.70 ** 5096 I 11272.64I

6700.05 33490.00 ** 5516 I 11284.64I

7175.23 34146.40 ** 6675 I 11284.64I

7697.93 35521.10 ** 7044 13306.95
8051432 36502.60 ** 7645 17405.73
8553.25 38102.40 ** 8020 19999.48
9218.51 38582.10 ** 8565 23630.30
9503.62 38833.70 ** 9024 25659.80

10002.55 39488.40 ** 9504 27917.00
10525.25 43164.90 ** 10009 30624.70
10976.68 47017.60 ** 10521 32688.40
11570.65 50085.20 ** 11009 36952.70
11927.04 50326.80 ** 11553 40609.80
12592.29 51488.60 ** 12014 45175.40
13019.95 52246.50 ** 12501 49847.20

** 12858 51004.90
** 13200, 51004.90
**

------------ ------------ ** ------------ ------------
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Table-S.SO.1 &5.50.2
---------------------

Distance and Corresponding Area, J-2 (Ch. 223.20 KIn. )

, ------------------------- ** -------------------------
I
1 Year 1969-70 ** Year 1976-77,,------------,------------ ** ------------ ------------
I I, Distance I Area :~* Distance Area
I

,
(m)

,
I ") ** ( m) (m2 ), \m~

------------:------------ ** ------------ ------------
579.73 I 487.217 ** 546.20 196.43

I

1006.45 I 763.975 ** 1030.83 516.47
I

1545.03 , 1338.113 ** 1515.16 727.609
I

2032.7'2-I 1453.937 ** 2063.80 805.33
I

2588.36 I 1487.891 ** 2834.64 805.33
i

3039.16 1664.066 :~* 3048.00 2064.31
3555.19 2340.86 I ** 3541.17 5053.27,
4042.87 3104.69 I ** 4013.00 7245.76

I

4518.96 3408.86 , ** 4526.28 11352.05
I

5036.52 3725.51 I ** 5024.63 14904.70
I

5524.20 3996.47 I ** 5069.13 15161.09
t_ I

I 6079.54 4113 :51" , ** 5922.57 15161. 09
I i ."" ;•..
I 6545.58 4623.77 , ** 6593.13 16539.84

I

7012.23 4720.56 1 ** 7019.54 16555.99
1

7530.39 4882.10 I ** 7550.51 18491.71
I

8007.71 5029.68 I ** 8008.32 24563.40
I

8541.11 5979.69 I ** 8507.88 28661.60
I

9030.31 7355.60 I ** 9046.46 33834.80
I

9532.32 11441.98 I ** 9522.87 36580.90
I

10024.26 17093.25 I ** 10018.78 39675.80
I

10509.20 23402.60 I ** 10487.86 43189.70
I

11045.04 27583.40 I ** 11025.53 45364.10,
11532.72 28143.90 I ** 11513.21 47110.60,
12047.52 28288.60 I ** 12010.64 48855.60

I

12508.99 28533.20 I ** 12507.16 51299.00
I

12687.00 28553.90 I ** 12992.10 52181.60
I
I **I

------------ ------------ I ** ------------ ------------
I
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Table 5.50.3 &: '5.50.4

Distance and Corresponding Area, J-2 (Ch. 223.20 KID.)

Year 1978-79

242:984
452.457
452.457
1963.083
6i96.53
10803.46
12406.85
12958.07
12420.77
14699.26
14714.45
14941.36
14941.36
15272.55
20383.90
24654.10
28012.60
30159.80
34671.50
38032.50
40107.00
41398.30

518.77
701.65
1934.26
2462.17
3015.08
3528.67
4020.62
4544.87
5036.21
5538.22
6056.99
6545.88
6885.13
7178.34
7527.98
8031.48
8502.70
9005.32
9594.19
10074.55
10521.39
10963.35

Distance
( m)

I
1
I
I
I
1
I------------:------------

-------------------------, I
I
I

------ 1
I

Area:
(m2 ) :------------, I

I
I
1
I
I
I
1
I
I
I
1
I
1
I
1
I
I
I
I
I
1
I
I
1
I
I
I
1
I
I
I
I
I
I
I
I
I
I
I
I

**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**** .
**
**
**
**
**
**
~*

**
**

:-------------------------:
: Year 1977-78 :
1 ------ ,
I I

: Distance Area:
: (m) I (m2 ) ::------------:------------:
: 335.89: 135.383:
: 518.77: 274.524:
: 1036.93: 529.566:
: 1532.53: 658.137:
: 2026.31: 731.047:
: 2419.50: 731.047:
: 2703.88: 2683.52:
: 3008.07: 5205.37:
: 3526.54: 7620.75:
: 4045.31: 8518.32:
: 4534.81: 8766.82:
: 4997.50: 10214.93:
: 5499.51 11328.23:
: 6016.75 11330.06:
: 6485.53 11631.92:
: 7285.33 11631.92:
: 7508.14 13939.68:
: 7980.58 18549.70:
: 8552.99: 22899.90:
: 9003.18: 23?10.40:
: 9500.62: 24758.40:
: 10102.66: 30607.00 I

: 10570.16: 33174.40
: 10960.30: 34516.50
, 1
I I:------------:------------
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Table 5.50.5 & 5.50.6

Distance and Corresponding Area, J-2 (Ch. 223.20 KIn.)

Year 1986-87

------------ ------------

------------:------------
Distance: Area

(m) :. (m2 )
------ 1 ------

1

-------------------------
Year 1981-82

------------:------------
Distance: Area

(m) : (m2 )
1------------1----'-------

518.17: 123.148
1025.04: 309.355
1543.20: 837.878
2030.83: 1312.147
2513.37: 3962.59
2965.70: 7726.20
3504.59: 9511.35
4053.23: 9606.14
4510.43: 9722.27
5059.07 l 9935.02
5507.7~ :. 10158.61
6056.38: 10238.46
6521.50: 10612.44
6992.42: 15000.51
7542.89: 17774.36
8048.85: 23136.50
8509.71: 27642.40
9021.17: 30551.40
9504.58: 31998.50
10051.39: 33312.80
10543.03: 36246.50
11015.47: 36928.30

I
I------------,------------I

**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**

518.90
1042.99
1555.18
2026.52
2552.74
3040.55
3505.49
4035.06
4532.93
5068.29
5588'.41
6030.49
6518.29
7030.79
7529.27
8010.37
8515.85
9003.66
9529.27
10043.60
10510.67
10968.60

244.119
2101.62
4205.62
5422.55
5962.98
7641.34
9149.33
10569.20
11685.35
16090.31
19636.07
21559.50
22907.20
23680.70
25172.70
28648.80
30783.90
31331.50
31538.30
34782.60
36317.00
36335.30
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Table 5.50.7-& 5.50.8
---------------------
Distance and Corresponding Area, J-2 (Ch. 223.20 KIn.)

I ------------------------- ** -------------------------
I
I Year 1988-89 ** Year 1990-91
1
I ------------ ------------ ** ------------ ------------
I
I Distance Area ** Distance Area
I
I ( m) (m2 ) ** ( m) (m2 )
I
I ------------ ---_....:_------ ** ------------ ------------
I
I 696.13 147.63 ** 514 27.90
I
I 1809.73 147.63 ** 917 847.365
I
I 2036.00 209.588 ** 2941 847.365
I
I 2540.51 I 354.603 ** 3540 857.565 I

I I
I 3410.73 I 362.446 ** 4030 894.165
I I
I 3984.96 I 1582.965 ** 4800 896.565
I I
I 4507.00 I 7205.41 ** 5009 1167.215
I I
I 5202.91 I 14509.13 ** 5508 4544.58
I I
I 5537.50 I 17153.59 ** 6064 9622.76
I I
I 6072.92 I 21754.90 ** 6511 12773-.10.,
I I

• I 6542.78 I 22135.90 ** 7003 16243.98
I I
I 7030.19 I 24818.40 ** 7545 22073.40
I I
I 7517.37 I 28314.40 ** 8003 25850.10
I I
I 8121.86 I 30415.60 ** 8500 27513.50
I I, I ** 8969 27513.50
I I
I I ** 9509 27985.70
I I
I I ** 10017 30013.30
I I
I I ** 10527 33429.90
I I
1 I ** 10717 34506.50
I I
I I ** 11313 34506.50
I I
I I **I I
I------------:------------ ** ------------ ------------
I
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Table 5.51.1 & 5.51.2---------------------
Distance and Corresponding Area, J-l (Ch. 230.75 KIn. )

I------------------------- ** I-------------------------I 1
1 Year 1969-70 ** 1 Year 1976-77
I I
I I------------ ** 1 ------------ I ------------1------------, 1 I

I Distance I Area ** 1 Distance I Area
I I 1 I

I ( m) 1 (m2 ) ** I (m) I (m2 )
I I 1 I

I------------ I------------ ** I------------ I ------------1 I -I I

I 470.31 I 0 ** I 512.67 I 15.85
I I I I

I 1037.54 I 1667.175 ** -I 1029.92 I 5231.12
1 I 1 I

I 1513.33 I 4913.52 ** I 1512.11 I 10399.70
I I 1 I
I 2012.59 I 7005.78 ** 1 2020.12 11577.75
1 I I
I 2550.87 I 8563.76 ** I 2507.89 11934.22
I I I
I 3014.73 I 9583.75 ** I 3002.28 12116.79
1 I I
I 3521. 66 I 11693.57 ** I 3688.38 12580.04
I I I
I 4024.58 1 14023.99 ** I 4036.47 14631.14
I I I
I 4605.22 I 19142.29 ** I 5145.33 15650.65
I I I
I 5190.13 1 26801.30 ** I 5552.24 16052.58
I , I
I 6051.19 I 35166.10 ** I 6148.45 18341.88, I I
I 6541.01 I 36338.30 ** , 6519.06 23468.50
I I
I 6754.37 I 36364.30 ** 7038.14 30907.70
I I
I I ** 7507.22 34136.10, I
I I ** 8001.30 36309.10
I I
I I ** 8214.97 36992.90
1 I
1 I ** 8767.27 36992.90
I I
I I **I 1
I------------ I ------------ ** ------------ I------------I i i
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Table 5.51.3 &.5.51.4.

Distance and Corresponding Area, J-1 (Ch. 230.75 KIn.)

17.678
17.678

2255.12
3535.79
5383.26
8929.00

11425.14
14358.30
18959.63
24984.80
30374.80
34832.40
37007.20
38831.00
40369.30
40965.50
42649.30
43714.00
43714.00

Year 1978-79

243.84
498.04

1047.90
1496.57
2054.05
2525.88
3056.84
3535.98
4000.50
4504.64
5020.36
5500.73
6007.91
6509.31
7007.35
7555.99
8004.35
8214.36
8449.06

------------:------------
Distance: Area

(m) : (m2 )------------,------------1
1
I
1
1
I
I
1
1
I

**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**

o
467.809

1802.929
3201.58
7479.88

11566.73
11566.73
11577.09
12266.45
14291.44
19237.41
24161.90
24964.00
25144.10
26744.80
34177 .80
36937.80
38849.10
40188.80
40188.80

536.14
661.72

1019.25
1504.49
2010.16
2407.31
2719.12
2841.04
3083.97
3510.38
4039.51
4522.01
5089.55
5520.84
6499.56
7086.90
7540.45
8025.99
8294.83
8447.23

I ,1-------------------------1
: Year 1977-78 :
I I 1I------------I------------j
: Distance: Area
I (m) : (m2 )

------------,------------I ,
1
I

**
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Table 5.51.5 & 5.51.6

Distance and Corresponding Area, J-1 (Ch. 230.75 KIn. )

Distance Area
(m) (m2)

I 11-------------------------1
Year 1981-82

304.30
461.47
1013.76
1530.40
2044.90
2553.31
3019.35
3529.58
409.6.29
4603.09
5102.35
5564.43
6076.49
6513.58
7021.07
7543.80
8051.60
8466.73

19.507
19.507

1180.171
4507.53
5913.49
9418.28
11683.69
18330.82
23283.10
28090.40
30897.40
32601.10
36003.70
36450.30
36751.50
38313.40
41925.00
42304.40

**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**

Year 1986-87
------------,------------I

Distance: Area
(m) : (m2 )

------------:------------
67.78 : 7.736

437.47 : 7.736
1001.01: 3106.20
1554.70: 4490.85
2004.68: 4536.72
2501.68: 5156.03
3037.62: 5952.25
3548.00: 6823.89
4013.75: 8372.22:
4562.07: 12586.86:
5024.15: 17964.00:
5~14.69: 23822.60:
6005.41: 29609.20:
6513.53: 33794.00:
7086.47 I 37198.60:
7509.98 39303.20:

I,
1
I
I

.1------------,I
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Table ~.51.7 & 5.51.8

Distance and Corresponding Area, J-1 (Ch. 230.75 Km.)

------------------------- ** -------------------------
Year 1988-89 ** Year 1990-91

------------ ------------ ** ------------ ------------
Distance Area ** Distance Area '.

( m) (m2 ) ** ( m) (m2 )
------------ ------------ ** ------------ ------------

484.97 0 ** 510 55.80
1015.96 2271.49 ** 1030 773.10
1521.33 2725.62 ** 1514 1391.21
2016.61 2821.19 ** 2001 1691.855I

2527.32 3716.36 ** 1 2570 6386.12I

2981.08 7190.58 ** I 3015 8840.08I •

3545.25 10015.72 ** • 1 3535 10577.42I

4103.87 12995.80 ** I 4016 12604.88
4504.53 15248.97 **. 4542 11:692.46 .'.....
5014.42 18276.90 ** 5094 16588.08
5526.49 23532.50 ** 5538 19357.22
6057.30 28276.20 ** 6061 23333.80
6544.03 34045.50 ** 6559 26831.60
7021.52 38565.30 ** 7027 29683.10
7518.71 43368.90 ** 7500 33227.80
8010.52 48331.70 ** 7900 33854.60
8638.50 55237.40 **
9086.22 60398.70 **
9513.89 64930.30 **

10072.78 67440.40 **
10418.05 67453.20 **

**
------------ ------------ ** ------------ ------------
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Table 5.52 Right Bank Reading, Left Bank Reading, Total Width,
Effective width and Last Reading on the Opposite Bank,
Section J-17 (Ch. 25.00 Km.)

-----------,-----------

(m)

1 _
I

Year Right Bank
Reading

(m)

Left Bank
Reading

(m)

------ 1 ----_1_----------------
I I

Total Width: Effective :Last Reading on
: Width :the Opposite Bank

(m): (m)
----- 1 -----------

I

---------- ----------- ----------- ------------

---- 1 -----
I

1976-77: 262.00
---- 1 -----

I

-----------,------------I

----- ~I -----------

8197.90

10158.98 I

10158.07

8601.30 :
8224.60 :
4073.00 :

----- 1 -----------
I

___________ l_~ _

I

7705.00

9679.00
9634.00

9897.00 :

7987.00
9896.00 :

218.00

282.00

1977-78

1969-70

1978-79 677.00 10246.00 9569.00 7751.50 10471.71
---------- ----------- ----------- ------------ ----------- -----------------
1981-82 848.00 9253.00 8405.00 I 6448.50 10472.01

----- ' -----
1986-87 222.00 10256.00 10034.00 9791.10 10353.66

11337.00
13957.16

8338.00 :
8711.00

----- 1 -----------
I

-----------:-----------------
9118.00

.'12032.00

10242.00
12417.00

---------- ----------- ----------- ------------ ----------- -----------------
I

1988-89: 385.00
1 1 _
I I

: 1990-91 : 1124.00:----------:-----------

Table 5.53 Right Bank Reading, Left Bank Reading, Total width,
Effective Width and Last Reading on the Opposite Bank,
Section J-16 (Ch. 31.10 Km.)

13926.38
14970.30
15154.96
13628.62
15154.35
15128.14
13351.76

7242.80 :
8660.90 :

7569.30 :
9073.40 :

9342.50 :

8543.10 :
9874.70 :

13107.00 :
12990.00 :

13204.00 :
12971.00 :
13047.00 :
12976.00 :
11919.00 :

------ 1 ----_1_----------------
I I

------------:-----------:-----------------

------ ' ----_1_---------------_1
I I I

Total Width: Effective :Last Reading on :
: width :the Opposite Bank:

(m) : (m): (m) :
------ 1 1 ----------_1

I I I

47.00: 13018.00

360.00: 13350.00:

860.00: 12779.00

1157.00: 14264.00:
1431.00: 14635.00:

1457.00: 14504.00
1500.00: 14476.00

----- 1 1 -----_1_----_----_1_----------------
I I I I

----- 1 ----_1_----------_1_----_----_1_----------------
1 I I 1

----- 1 ----_1_----------_1_----_----_1_----------------
1 I 1 I

----- 1 ----- 1 1 _
I I I

----- 1 -----
I

----- 1 ----- 1 1 _
I I I

1988-89
1986-87

1981-82
1978-79
1977-78
1976-77
1969-70

1990-91 I 261.00: 14282.00: 14021.00: 9334.80: 15195.00----------:-----------:-----------:------------:-----------:-----------------

__________ ----- 1 -----
I I

1 ---_1_---------_1_----------
I I I

: Year :Right Bank : Left Bank
: Reading : Reading
: (m): (m)

__________ ----- 1 -----
I
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Table 5.54 Right Bank Reading, Left Bank Reading, Total Width,
Effective Width and Last Reading on the Opposite Bank,
section J-15 (Ch. 55.65 Km.)

---------- ----- ______ 1 ___________ 1 ______ ------ -----------
I I

Year Right Bank Left Bank :Tota1 Width Effective
Reading Reading I WidthI

(m) (m) I (m) (m)I

---------- ----------- -----------,------------ -----------I

1969-70 622.00 9127.00 8505.00 6829.60
---------- ----------- ----------- ------------ -----------
1976-77 636.00 10845.00 10209.00 8084.10 I

----- 1 -----

-----------------, I

Last Reading on :
the Opposite Bank:

(m) :
----------- 1

I

9286.65 :
----------- 1

I

10901.17 :
----------- 1

I

1977-78
1 ----

688.00 10882.00 10194.00 8510.10 11392.81 :
_________________ 1

I

1978-79 589.00 10999.00 10410.00 9006.00 11391.60 :
-----------------:

1981-82 684.00 11389.77 10706.00 8774.80 11389.77
---------- -----------I

1986-87: 588.00 11202.00 10614.00 9097.20 11398.17
----------:----------- ----------- ------------ ----------- -----------------
1988-89: 289.00 12996.00

---- 1 ----- _
I I

1990-91: 35.00: 13254.00:----------:-----------:-----------

12707.00 8940.50 13412.47
------------ ----------- -----------------I

1321~~00: 10087.20 13487.00
------------:----------- -----------------

Table 5.55 Right Bank Reading, Left Bank Reading, Total Width,
Effective Width and Last Reading on the Opposite Bank,
section J-14 (Ch. 71.20 Km.)

16479.66
16401.20
16425.25
16149.83

13716.00 I

1160-5.10

15624.60
13036.60

15485.00 :
15624.00 I

15438.00

15769.00 :
15836.00 :
15720.00 :

284.00

282.00

1 1 1 1 ----------- -----------------,
1 1 1 I ': Year :Right Bank: Left Bank :Total Width Effective Last Reading on I

: Reading : Reading Width the Opposite Bank
: I (m) : (m) I (m) (m) (m)
1 , 1 1 -----------------
I I , 1

: 1969-70: 0 : 16149.83: 16149.83:----------:-----------:-----------:------------ ----------- -----------------
: 1976-77 :
,---- 1 ----- , ----------- -----------------
I I I

: 1977-78: 212.00----------:----------- -----------:------------:----------- -----------------
1978-79 :----------1----------- -----------1------------1-----------1-----------------I I I I

----- 1 1 1 ----_1_---------- 1
1 I , 1 I

1981-82 283.00: 15858.00: 15575.00: 12368.00: 16494.56 :

---------- -----------;----------- ----- 1 -----------
I

-----------,-----------------I

-----------:-----------------

16851.00
17909.59
16853.35

13603.00 :
10751.50 :
13513.20 :

15979.00
16443.00
16490.00291.00: 16781.00

926.00: 17369.00

----- 1 -----
I

291.00: 16270.00

----- 1 -----
I

1990-91
1988-89
1986-87
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Table 5.56 Right Bank Reading, Left Bank Reading, Total width,
Effective Width and Last Reading on the Opposite Bank,
Section J-13 (Ch. 84.70 Km.)

12636.09 :
11751.26 :

----------- 1
I

8511.40
9202.30

___________ 1 1
I I

Effective :Last Reading on :
Width :the Opposite Bank:

(m) (m):
____________________________ 1

I

(m)

10621.00
10029.00

Total Width

12255.00 :1634.001976-77---------- ----------- -----------:------------ ----------- -----------------:
---------- ----------- -----------:------------

1 ----,----- 1 -----
I I I

: Year : Left Bank :Right Bank
: : Reading Reading
: : (m) I (m)

---- 1 ----_1_----------
I I

1969-70 I 1722.00: 11751.00

----- 1 ----_1_-----------
I I

___________ 1 _
I

981.00: 12533.00:
-----------:-----------------

12642.19
12638.53
12639.75 :

-----------------, I

9308.10 :

9362.60
10131.00 :

11552.00
11222.00
11060.00

12257.00 :
12204.00 :

1035.00
1144.00

1981-82
1978-79
1977-78

12632.00
12422.57
12620.43

7076.90 :
7886.30 :

10016.00 :
-----------:-----------------
-----------,-----------------I

-----------:-----------------1986-87: 740.00: 12403.00: 11663.00
---- 1 1 1 ------

I I I

1988-89: 535.00: 12315.00: 11780.00
----------:-----------:-----------:------------
1990-91: 272.00: 12414.00: 12142.00

__________ , 1 1 _
I I I

---------- -----------:-----------:------------ -----------:-----------------

Table 5.57 Right Bank Reading, Left Bank Reading, Total Width,
Effective width and Last Reading on the Opposite Bank,
Section J-12 (Ch. 100.50 Km.)

19211.1812159.1018383.00166.00: 18549.00

I

I
I

-----------,-----------I

1977-78
1976-77

---------- ----------- ----------- ------ ______ 1 ______ ----- -----------------
I

Year Left Bank Right Bank Total width I Effective Last Reading onI

Reading Reading I Width the Opposite BankI

(m) (m) (m) I (m) (m)I

---------- ----------- ----------- ------ ______ 1 ______ ----- -----------------
I

1969-70 216.00 11798.00 11582.00 I 8734.40 12555.63I

---------- ----------- ----------- ------------ ----------- -----------------

----- 1 ----- _
I I

1978-79 333.00: 18499.00: 18166.00 12635.20 19331.94 I

----- 1 ------
I

1981-82 513.00 14119.00 : 13604.00 10746.40 14888.87

14893.00
15904.98
14894-.51

9013.10 :

7360.60 :

13544.00 :

14588.00: 11058.20:
13610.00 :

14058.00 :
15082.00 :
14124.00 :

-----------1------------1-----------1-----------------I I I

___________ 1 1 1 _
I I I

-----------:------------:-----------:-----------------

514.00
---------- ----------- -----------:------------ ----------- -----------------

1 ----
I

I 1986-87
: 1988-89 I 494.00
1 1 -----
I I

: 1990-91: 514.00
1 ---_1_----------
I I
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Table 5.58 Right Bank Reading, Left Bank Reading, Total Width,
Effective Width and Last Reading on the Opposite Bank,
Section J~ll (Ch. 117.75 Km.)

1981-82 643.00 10944.00 10301.00, 8600.00: 11478.16

1 1 1 1 _
I I I I

: Year : Left Bank :Right Bank :Total Width
: : Reading Reading
: : (m) I (m) I (m)
1 1 1 1 _
I I I I

: 1969-70: 148.00: 10932.00: 10784.00
1 1 ----_1_----_----_1_-----------
I I I I

: 1976-77 : 1534.00: 11083.00: 9549.00
1 1 1 1 _
I I I I

: 1977-78: 891.00: 10986.00 I 10095.00
,---- 1 -----,----------- _
I

___________ 1 _,

----- 1 -----------
I

11454.08

11480.60

11478.77 I

11475.72

8465.60 :

8375.60 :

7318.50 :

7513.00 :

----- 1 -----------.'

-----------,-----------------,

----- 1 ----------_1,
Effective :Last Reading on

Width :the Opposite Bank
(m): (m)

-----------:-----------------

10960.0011059.0099.00
1 ----
I

: 1978-79

---------- ----------- ----------- ------------ ----------- -----------------
1986-87 397.00 11008.00 10611.00 8711.60 11503.35

---------- I ----------- ----------- ------------ ----------- -----------------
1988-89 I "359.00 11711.00 11352.00 9350.50 13000.00

I

---- ______ 1 ______ ----- ----------- ------------ ----------- -----------------,
I 1990-91 I 55.00 12706.00 12651.00 11376.90 12761. 00, , I

1 ______ ---_1_---------- ----------- ------------ ----------- -----------------, ,

Table 5.59 Right Bank Reading, Left Bank Reading, Total Width,
Effective Width and Last Reading on the Opposite Bank,
section J-I0 (Ch. 134.30 Km.)

---------- ----------- ----------- ------------

---------- -----------:----------- ------------

1 1 ----_1_----------
, I I

: Year : Left Bank :Right Bank
: : Reading Reading
: : (m) I (m)
:----------:-----------:-----------

1670.00: 2152.5.89
21478.34

21525.8918484.20 :

188-70.30 :
----- 1 -----------,

-----------,-----------------I

19626.34

19856.00

------------:-----------:-----------------
Total Width: Effective :Last Reading on

Width :the Opposite Bank
(m) (m): (m)

------------ -----------:-----------------

21478.341852.00
1969-70

1976-77

1978-79: 365.00
----------:-----------
1981-82: 497.00

----------,-----------

----- 1 -----_1_----_----_1_----------------
I I

14344.00 , 13847.00 12379.30 14405.76, I

----- ______ 1 ______ ------ ----------- -----------------,
I I

16501.83 16216.83 13157.70 16501.83
----------- ------------ ----------- -----------------

15009.00 14734.00 I 12089.40 15973.20,

----- 1 ------
I

16500.00

16295.16

21244.83

15048.5015930.16

18278.00 I 17557.40:

15647.00: 13662.70
------------:-----------
------------:-----------

16500.00

16295.16 :

19926.00 :

275.00

853.00

285.00

1648.001977-78

1986-87

1 ----,

,----------,

,----------I

: 1990-91

: 1988-89
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'fable5.60 Right Bank Reading, Left Bank Reading, 'fotal Width,
Effective Width and Last Reading on the Opposite Bank,
Section J-9 (Ch. 142.45 Km.)

15803.00 :

15500.00 I

15479.88

15150.31

15339.21

9720.20

13963.00: 11171.90:

14782.00: 10822.50:

13192.00 :

13488.00: 11250.30

____________ 1 _
I "

13611.00: 10440.10:

------ 1 -----
I

I
I

------ ' -----
I

735.00: 14698.00

801.00: 14412.00

749.00: 15531.00:

522.00: 13714.00

793.00: 14281.00

---------- -----------:-----------

, 1 1 1 1 1 ----------_1

I I I I I I I

1 ---- 1 ------------1-----------1-----------------
I I I I

1 ----
I

;---------- -----------:-----------,------------:-----------:-----------------:
: 1990-91

: 1988-89

: 1986-87

: 1981-82

: 1978-79
:----------

: 1977-78

1
1 ' 1 1

1 ----------_1

I I I I I I I

: Year : Left Bank :Right Bank :Total Width: Effective :Last Reading on
: : Reading Reading : Width :the Opposite Bank
: : (m) I (m) (m): (m) (m)
1 ---_1_---------_1_----_----_1_----------_1_---------- -----------------
I I I I I

: 1969-70: 335.00: 14641.00 14306.00: 8760.90 15552.55
1

1
, ------ 1 ----- _

I t I I

: 1976-77: 782.00: 14005.00 13223.00: 12152.20 15126.37 I
1

1 1
------ 1 ----- _

I I I I

Table 5.61 Right Bank Reading, Left Bank Reading, Total Width,
Effective width and Last Reading on the Opposite Bank,
Section J-8 (Ch. 149.50 Km.)

1 ---_1_---------_1_----_----_1_----------_1_----------
I I I I I

: Year :Right Bank : Left Bank :Total Width : Effective
: Reading : Reading : width

I (m) : (m) I (m) : (m)
---- 1 ----_1_----------,------ 1 ------

I I I I

1969-70 : 2744.00: 13597;00: 10853.00: 6723.00
---- 1 ----_1_---------- ------ 1 -----

I I I

1976-77 I 587.00: 12557.00 11970.00 7861.40

----------- 1
I

Last Reading on :
the Opposite Bank:

(m) :
----------- 1

I

14470.68 :
-----------------, I

13612.98
---------- -----------:----------- ------------ ----------- -----------------

1977-78 468.00: 13109.00 12641.00 8084.00 13577.01
---------- -----------:----------- ------------ ----------- -----------------

----- 1 ----_1_-----------
I I

___________ 1 1 _
I I

___________ 1 1 _
I I

----- 1 ----_1_-----------
I I

15690.00

14978.99

13635.23

13970.73

13622.43

8428.30 :

9255.70 :

8565.70 :

7192.30 :

10230.40 :
----- 1 -----------

I

----- 1 -----------
I

----- 1 -----------
I

----- 1 -----------
I

-----------:-----------------

15203.00

12396.00

13272.00

11990.00 I

12096.00

216.00: 15419.00:

145.00: 13417.00:

646.00: 13042.00:

470.00: 12460.00:

587.00: 12683.00

----- 1 ----_1_-----------
I I

1981-82

1978-79

: 1990-91

: 1988-89

: 1986-87
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Table 5.62 Right Bank Reading, Left Dank Reading, Total Width,
Effective Width and Last Reading on the Opposite Bank,
Section J-1 (Ch. 162.35 KIn.)

:----------:-----------:-----------:------------:-----------
: Year lRight Bank Left Bank lTotal Width : Effective
: Reading Reading : Width
: I (m) (m) I (m) : (m)
, , 1 1 _
I I I I

: 1969-70 : 1121.00 9464.00: 8343.00: 7221.40
1 , , 1 _

I I I

1976-77: 243.00 13895.00 13652.00: 7887.90 I

----------- 1
I

Last Reading on I

the Opposite Bank
(m)

14444.17

14077.49
------ 1 -----,-----------------

I I

____________ 1 1 _
I I

1977-78 243.00 13711.00 13468.00 : 8149.60 :. 14075.36

1978-79 2063.00 14018.00 11955.00 : 9576.50 : 14079.02
------ 1 1 -----------

I

1981-82 243.00 13951.00 13708.00: 12400.20 14072.01
---------- ----------- ----- __ ~ __ ~I~ ------:----------- _

: 1988-89 I 2243.00 14453.27
1 1 ----- _
I I

: 1990-91: 308.00: 14211.00
1 1 1 -----
I I I

------ 1 ----- _
I I

------------:-----------;-----------------:

------ 1 -----
I

14271.00 :

14453.21

14263.42

8742.60 :

9009.30

7960.30

13963.00 :

12210.27 :

12173.42 :14263.422090.00
1 ----
I

: 1986-87

Table 5.63 Right Bank Reading, Left Bank Reading, Total Width,
Effective Width and Last Reading on the Opposite Bank,
Section J-6 (Ch. 111.10 KIn.)

• , 1 1 1 1 1
I I I 1 I 1

: Year : Left Bank :Right Bank :Total Width Effective :Last Reading on :
: : Reading Reading Width :the Opposite Bank:
: : (m) I (m) I (m) (m): (m) :
:----------:-----------:-----------:------------ -----------:-----------------
: 1969-70 : 0: 19386.50: 19386.50 12221.20 : 19386.50:----------:-----------:-----------l------------ -----------;-----------------
: 1976-77: 54.00: 15212.00: 15158.00 8525.20: 15588.69:----------:-----------:-----------:------------ -----------:-----------------
11977-78: 269.00: 15050.00: 14781.00 I 10902.80: 15587.17

---- 1 1 1 -----_1_----- 1 -----------
1 1 1 I I

1978-19 : 0: 15130.00: 15130.00: 10465.20: 15571.72
---- 1 1 1 1 - 1 _

1 1 I I I

1981-82 : 1612.00: 14373.00: 12761.00: 12741.90: 15581.99
---- 1 1 1 1 - 1 _

I I I I I

1986-87 : 0: 15517.00: 15517.00: 8942.00: 15584.15
---- 1 -----_1_----_----_1_----------_1_----- 1 -----------

I 1 I 1 I I

: 1988-89: 33.00: 14654.00: 14621.00: 7921.40: 18887.85
1 1 1 1 -----_1_---- 1 -----------
I 1 I I 1 I

: 1990-91: 470.00: 15455.00: 14985.00: 9586.70: 15589.00
1 1 1 1 ' 1 -----------
1 I 1 1 I I
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'l'able 5.64 Right Bank Reading, Left Bank Reading, Total Width,
Effective width and Last Reading on the Opposite Bank,
Section J-5 (Ch. 188.20 Km.)

16616.00

16700.00

16606.10

16592.09

16595.14 :

16600.02 :

16596.36 :

18397.73 :

----------- 1I

8192.60

9230.10

8538.80 :

10330.90 :

12403.10 :

----- 1 ----------_1
I I

----- 1 -----------'I - I

15556.00 :

15548.00 :

16034.00: 11078.20

15877.09: 12292.20

16381.00: 10767.80
16457.00

15155.00

17684.00

------ 1 -----
I

------ 1 -----
I

------ 1 ----_1_---------------_
1

I I I

Total width: Effective :Last Reading on :
I width :the Opposite Bank:

(m) (m): (m) :
____________ ----- 1 ----------_1

I I

16463.00

16592.09

16524.00

16600.02 :

182.39.00

----- 1 ------
I

-----------,------------I

Right Bank
Reading

(m)

57.00: 15613.00:

429.00

715.00

143.00

143.00

140.00: 15595.00:
555.00

1008.00: 16556.00:

Left Bank
Reading

(m)

___________ ----- 1 ------'-----------
I I I

Year

1976-77

1969-70

---------- -----------
---------- -----------
---------- -----------

1 ----
I

1 ---- 1
1 1

_

I I 1 I

1 ----
I

1 ---- 1 1 1 -----------------1
I I I 1 1

1 ----
I

1
1

_

I

I 1977-78

: 1990-91

: 1988-89

: 1986-87

: 1981-82

: 1978-79

'
1

_

I I
I
I

I
I

I
I

Table 5.65 Right Bank Reading, Left Bank Reading, Total Width,
Effective width and Last Reading on the Opposite Bank,
Section J-4 (Ch. 201.30 Km.)

9148.00 :

9500.00 :

7909.56 :

9178.35 :

7858.05 :

7860.79 :

7852.56 :

17992.95

----------- 1I

_________________ 1

I

Last Reading on
the Opposite Bank

(m)

5947.10

7828.40

8142.60

6664.60 :

6521. 60 :

5-461.30

6661. 90 :

17342.20

Effective
width
(m)

8635.00 :

8795.00 :

9083.00 :

7487.00 :

7452.00 :

7047.00

6975.00

17992.95

9148.00

9336.00

9083.00

7896.00 :

7858.05 :

7454.00 :

7380.00

17992.95

o :

o

513.00 :

541. 00 :

409.00 :

406.00 :

407.00 :

405.00 I

Year
---- 1 -----

I

1 1 1 1

I I 1 1

1 1 1 1

1 I 1 I

1 ---- 1 1 1 -----------------1
1 I 1 1 I

1 1
1 1 1

------------1
I 1 I 1 I I

: 1990-91

1 1 ------------1-----------1-----------------1
I 1 I I

: 1988-89

: 1986-87

1 1 1 -----------1-----------------1
I I 1 I 1 I

: 1981-82

: 1978-79

___________ 1
1 1

_

I I

:Right Bank Left Bank 'Total Width :
: Reading Reading :
: (m) (m) (m):

----------;----------- ----------- ------------
1969-70 :----------,----------- ----------- ------------I

1976-77 :__________ 1
1 1

_

I 1 I 1

: 1977-78 I
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Table 5.66 Right Bank Reading, Left Bank Reading, Total Width,
Effective Width and Last Reading on the Opposite Bank,
Section J-3 (Ch. 213.20 Km.)

9512.20

9565.54

8143.95

9531.71

9445.45

9476.23 I

13019.95.

8809.30 :

8928.90 :

8928.00 :-

9100.80 :

7814.30 :
-----------:-----------------

9565.54

9531. 71

8004.00

9445.45

9476.23

12896.95 .•~ 12383.30 :

9565.54 :

9531. 71 :

8004.00

9476.23

9445.45

13019.95 :

___________ 1 , 1 _
I I I

Right Bank :Total Width: Effective :Last Reading on
Reading : Width :the Opposite Bank

(m) I (m) : (m) (m)
----- 1 ------ _

I

o
o

o
o

o

123.00

Year Left Bank
Reading

(m)

1969-70
---------- -----------I

1976-77 :----------:----------- ----------- ------------ -----------:-----------------
1977-78 :

----------:-----------,----------- ------------ ----------- -----------------
I 1978-79 :
1 1 ----- 1 1 _

I' I I

: 1981-82 :
1 ----:----------- : ----------- -----------------

1986-87 :. 0 9512.20: 9512.20 . 8462.50 :
----------:----------- -----------:------------ --------~--:.-:_--------------
1988-89 :

----------:-----------1-----------:------------:-----------:-----------------
1990-91 : 0: 12859.00: 12859.00: 8895.40: 13200.00

----------:-----------:-----------:------------:-----------:-----------------

Table 5.67 Right Bank Reading, Left Bank Reading, Total Width,
Effective width and Last Reading on the Opposite Bank,
Section J-2 (Ch. 223.20 Km.)

12687.0012523.00: 10598.6012578.00 :

----- 1 1 ----_1_----------------1
1 I I I

Right Bank :Total Width: Effective :Last Reading on
Reading : Width :the Opposite Bank

(m) I (m) : (m): (m)
----- 1 1 ----_1_----------------

I I I

55.00

Left Bank
Reading

(m)

Year
1 1 -----
I I

I
I

I
I

I
I

----------:-----------
1969-70 I

----- 1 -----_1_----------
I I

I 1976-77 56.00 12992.10 : 12936.10: 10450.40 12992.10
----- 1 ------

I

-----------,------------I

28.00: 10963.35:
1977-78

1978-79

o 10960.30 : 10960.30

10935.35

8198.70

8593.10

10960.30

10963.35
----- 1 1 ------

I I

I 1981-82 48.00: 11015.47: 10967.47 9743.70 11015.47 I

-----------,----- 1 ------
I I

47.00: 10496.00

487.00: 10728.00

----- 1 -----
I

8121.86

11313.00

10968.60

5259.70 :

6456.60 :

9623.80 :

-----------,-----------------I

-----------:-----------------
8051.86

10241.00

10449.00

8121.8670.00 :
----- 1 -----

I

1990-91

1988-89

1986-87

---------- -----------:----------- ------------ -----------:-----------------

503



Table 5.68 Right Bank Reading, Left Bank Reading, Total Width,
Effective Width and Last Reading on the Opposite Bank,
Section J-l (Ch. 230.75 KID.)

1 1 ----_1_----------
I I I

: Year : Left Bank :Right Bank
: : Reading Reading
: : (m) : (m)
,---- 1 ----_1_----------
I I I

___________ 1 _
I

------ 1 1 ----------_1
I I I

___________ 1 ,
I I

Effective :Last Reading on :
Width :the Opposite Bank:

(m): (m) :
----- 1 ----- 1

I I

8767.27 :

6754.37 :

7276.00 :

6263.20 :
___________ l~ l

I I

7671.00 :

6271.00

(m)

Total Width

8200.00

6737.00

529.00 I

466.00 :

1976-77

I 1969-70

____________ 1 1 1
I I I

1977-78 524.00 8302.00 7778.00 : 6871.40 : 8447.23 :

1978-79 36.00 8231.00 8195.00 : 7840.40 : 8449.06

8466.737865.90 :
-----------:-----------------

8466.73
____________ 1 , _

I ,

8466.73o
,----------,
: 1981-82
: 1986-87 I 453.00: 7509.98 7056.98 6626:10: 7509.98,---- 1 1 ----- -----------1-----------------
I I I I

: 1988-89: 494.00: 10212.00 9718.00 9134.20: 10418.05 :
1 1 1 ----- 1 ----------_1
I I' I I

: 1990-91: 41.00: 7900.00 7859.00: 7043.00: 7900.00 :
1 ----,----- 1 1 -----_1_---- 1 -----------,
1 I I I I I 1
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions:
From the present study based on cross-sectional and

hydraulic data for stations J-17 (Ch. 25.00 km) to J-1 (Ch.
230.75 km) of the river Brahmaputra-Jamuna, it has been apparent
that there has not been any systematic change in cross-sectional
and hydraulic parameters during the period 1969-70 to 1990-91.
The analysis has shown mostly unsystematic character in the
variation of different parameters and the following conclusions
are drawn:

1. Study of variation of cross-sectional area upto high water
level at different stations over the years from 1969-70 to
1990-91 shows that in most of the years there have not been
much changes in cross-sectional area at stations J-16 and J-7.
In all other stations there has been, however, a large
variation in cross-sectional area from time to time during
that period.

From a comparison of the cross-sectional area at different
stations for the year 1969-70 with the corresponding cross-
sectional area for the year 1990-91, it is observed that the
cross-sectional area has remained almost same at stations
j-17 and J-16 and changed very little at stations J-14, j-10,
j-7, j-6 and j-1. There have been, however, large changes in
cross-sectional areas at all other stations.



2. The study of variation of cross-sectional area with elevation
shows that at first the area increases slowly with
elevation, then increases quite fast with elevation indicating

the influence of faster increase of width with elevation.

3. From the analysis of bed level data at different stations for
the period 1969-70 to 1990-91, it is observed that only at
stations J-17 and J-12 the bed level remained more or less
at the same e1evat ion inmost of the years. At all other
stations there have been, however, a large variation in bed
level elevation in different years. It may, therefore, be
stated that the bed 1eve 1 has remained more or 1ess same

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

From a comparison of the bed level elevations at different
stations for the years 1969-70 and 1990-91, 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-B to J-1. The maximum lowering (4.33m) and
rise up (6.17 m) occurred at stations J-11 and J-7
respectively. On an average it may be generalised 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-B to J-1)
in the year 1990-91 as compared with that of the year 1969-70.
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4. From an analysis of cross-sectional width at bank level
e1evat ion it is observed that there have been changes in
total width in all stations from time to time during the
period 1969-70 to 1990-91; such changes in total width have,
however, been 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 years 1969-70 and 1990-91 it is
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 consideration of changes in total width at
different stations it may be stated that only station J-14
shows relatively stable condition. But figures 7.1.e and
7.1 .f show that there have been however some shifting of
bank-lines at station J-14. This, therefore, indicates that
the river section J-14 is not really a stable section even

though the total width shows relatively less changes.

5. The effective width has remained more or less same only at
station J-15 during most of the time over the period 1976-77
to 1990-91. At all other stations, there has been a 1arge
variation of effective width during different periods from

1969-70 to 1990-91.
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A comparison of effective width at each station between the

years 1969-70 and 1990-91 shows that there have been large

changes in the effective width during this period at each of

the stations along the length of the river except J-12 where

the effective width was more or less same in the years 1969-70

and 1990-91 even though there was variation in all other years.

6. The changes in effective width have always been more than

the changes in total width and no similarity has been

observed in the pattern of variation of total width and

effective width of the river section at any station.

7. The 1eft bank-1 ine remained almost in the same pos ition at

station J-3 only, more or less in the same position at
stat ions J-12, J-9, J-6, J-2 and J-1 inmost of the years

from 1969-70 to 1990-91.Stations J-17, J-16, J-15, J-13,J-10,

J-7 and J-5 were subjected mostly to eros ion even though

there was some accretion from time to time. Stations J-11,

J-8 and J-4 had mostly bank accretion with time to time some

erosion and station J-14 had both erosion and accretion but

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

A comparison of the left bank-line position at different

stat ions between the years 1969-70 and 1990-91 shows that

there has been accret ion in the range of 200 m to 300 m

along bank-line 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. There has been erosion in the range of 100 mto
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2250.0 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.

8. The right bank 1ine remai ned more or 1ess 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 during the period 1969-70 to 1990-91.

Stations J-12, J-3 and J-1 show mostly erosion even though

there was some accretion from 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.

A comparison of the right bank line position at different

stat ions between the years 1969-70 and 1990-91 shows that

there has been accretion in the range of 300 m to 900 m at

stations J-11, 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 the

accreti on has been as much as 5026.00 m. At a 11 other

stations, however, there have been erosion varying from 500 m

to 2500 m.

9. The roughness co-efficient (Manning's n) in dry seasons has

been estimated to be in between 0.0124 to 0.0337 for Fulchari

Channel and 0.0103 to 0.0269 for Bahadurabad channel.
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10. The roughness co-efficient (Manning's n) in wet seasons has

been estimated to be in between 0.0257 to 0.0331 for Fluchari
Channel and in between 0.019 to 0.037 for Bahadurabad

channe 1.

6.2 Recommendations for further study:

To have a better idea on the changes in river section

charactristics and other related parameters of Brahmaputra-Jamuna

river the following suggestions are made for further study and to

facilitate future studies:

1. Cross-sectional data covering shorter time interval and

closer distance should be studied. The data should cover

both the dry and flood seasons.

2. The discharge and water level data should be measured at

more stations allover the year to facilitate better under

standing of morphological processes.

3. The sed iment transport phenomena of the river shou 1d be

included in all future studies as far as possible.

4. The bed and bank material characteristics should be

considered.
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APPENDIX A
Location Statement of Monuments/R.C.C
pillars along the cross section of the
river Brahmaputra-Jamuna for the year
1981-82 at stations J-1 to J-17
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APPENDIX B

Mean daily water level for the years
1969-70, 1978-79 and 1981-82
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26.559 24.271Av1 21,,9.55

22.023
22. 66~~
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24.2/6
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25.750
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21.431
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APPENDIX - C
Bottom level of Brahmaputra - Jamuna
river in meter for the years 1969-70
to 1990-91 at stations J-17 to J-1.



SECTION/ CIWUAGE
BOTTOMLEVEL OF BRAHIolAPUTRA-~"MUNA RIVER IN METRE. HIGH WATER

STATION IN K",.

LEVEL/FIXED

1989-70 1978-77 1977-78 1978-79 1981-8Z 1988-417 1988-69 1990-91 ELEVATIONIN
NETRE.

J -17 25.000 13.69 9.31 IS.~I 4.71 11.50 '0.85 IZ.1l8 1I.0Z . Z3.85

J -18 37.100 10.BI 10.85 1I.8~ 8.81 8.82 8.!l8 !l.49 9.8Z Z2.49

~-15 55.650 9.82 9.Z~ 9.0' 6.55 7.8~ 8.~1 _0.85 6.76 ZI.15

J -14 71.200 1.07 3.U 9.7' 6.87 8.28 8.78 ~.7S 8.0Z 19.8~

J -13 84.700 '.1\ 6.43 5.15 5." S.ZZ 4.CZ 0.Z4 Z.SI 18.80

J -IZ 100.500 ~.ZZ - 5.Z~ 4;7S ~.3' 5.87 8.88 ~.T8 IT.37

J -II 117.750 6.31 ~.3Z • 0.5' 3.48 I.Z4 L59 5.ZZ - 1.56 II.Z5

J -10 154.500 4.88 -0.09 Z.Z4 1.48 1.87 5.85 7.Z8 3.4S 15.IZ

J -. I~Z.450 2.11S Z.19 -0,30 - 0.82 I.n 1.3~ "4.4e I~.OO

J -a 149.300 -~.!l9 2.7Z 1.38 -2.z~ -3.18 LZ~ -O.lIZ 2.8a 13.Z3

J -7 'S2.3!l0 -8.00 -4.05 0.12 -Z.3S -13.2,6 -IZ.93 -3.7~ 1,1;0 IZ.80 -
J -6 177.70e> -5.17 -I.lll -5.n -5.45 -6.19 -0.79 -S.IZ -5.81 11.70

~- !l 188.Z00 -8.87 -10.87 -5." -8.21 --2.08 O.SZ -2.29 -o.IZ 10.94

J -~ 201.500 _.77 -7.ZI -'O.IZ -'.28 -5.06 -~.59 -7.88 --2.88 10.1S .

J -5 21S.Z00 -!l.OZ -!l.16 -5.08 -10.004 -S.~6 -2. IS -7.Z2 -4.90 9.39

J -2 ZZS.ZOO -!l'~~ -6.5a -4.77 -7.19 -11.04 -5.82 -lI.7Z -4.~a 8.86

J - I ZSO.780 -8.ISZ -9.41 -9.58 -5.90 -9.11 -5.52 -8.31 -us 8.17

/"
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~~~(!tait
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