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ABSTRACT
The erosion and shifting of river courses, loss of land, especialty along the Jamuna river have
long been recognized as a national problem that affects a sizable population in Bangladesh.
To mitigate the river bank erosion IWIIB has initiated a 20 km capitel dredgmg on the River
Jamuna as pilot basis in order o guide the flow to reduce the risk of Failure of Sirajgani Hard
Point and right guide bundh of the Bangabandhu Bridge. This study would be useful to assess
the role of capital dredging in comprehensive river management plan as well as the
morphalogical siability of an artificial dredged channel along the braided Jamuna river of
Bangladesh. The sustyinability of the dredged channel was asscssed by analyzing the time-
series satellite images, cross-section comparisen, sediment concentration and depth average
velocity. Geo-referenced satellite image of ASTER and IRS LISS from 2007 to 2012 has
been superimposed to assess the sand bar movement, During 2007 to 2012, lateral movement
of Sandbar-1 {upstrcam of Sirajganj Hardpoint) ranges from 800m to 1870m whereas for
Sanbar-2 (downstream of Sirajganj lardpoint) ranges from 560m lo 1060m. At the same
time, -the longitudinal movement of Sandbar-1 ranges from 150m to 600m whereas for
Sandbar-2 ranges from 300m to 1400m. It is observed that, the channel is developing very
fast along the western bank through deviation of flow towanls the river bank. It's is also
observed that the rate of bar translaiion is high and it may cause Lhe siliation of the dredged
channel. Comparison of cross-section indicates ihat there is no signilicant positive impacl of
dredging has observed ncar Sirajganj Hardpoint area as well as Lhe downstream of
Banghabhandhu Bridge. It is also observed thal the rate of siltion is higher, where the
dredging alignment passes through the existing char. [t was happening, because the hydraulic
condition around the dredged area as well as upsircam river morphology remain favorable for
the siltation on the existing char. Analysis of obscrved data indicates that, more than 1.75 m/s
fow veclocity persists during the peaks which covering the enlire Sirajganj Hardpoint area
and it persists from mid of May io September. Analysis of scdiment concentration and depth
average velocity indicates that sediment concentration at particular depih and velecity plays
an importani role in the erosion or deposilion process along the study reach. It is found that at
a particular point undet or over sedimeni concentration with respect to the sediment transpor
capacity cause either erosion or deposition. The major finding of this study iy that the
dredging of a braided river would not be a susminable solution without changing upstream
rver morphology as well as hydraulic conditions. Tt is also obscrved that, if the dredging
alienment passes through the existing channcl not over the char area, the dredged channcl

withd be more suslainable.
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CHAPTER ONE

INTRODUCTION

1.1  Background and present state of the problem

Bangiadesh is a delta formed by the alluvial depaosits of the three major rivers: the Ganges,
the Brahmapulra and the Meghna. There are 317 rivers in Bangladesh of which 53 rivers
come from Tndia and other 4 rivers come from Myanmar. The Ganges, the l3rahmaputra
and the Meghna of these three major river systems drain around 1,350 billion cubic meter
of discharge annually from a tolal catchment area around 1.72 million sq.km through
Bangladesh inio ihc Bay of Bengal. Thercfore the role of 311 rivers are mainly bring flow
season Tor various purposes. The major rivers of Bangladesh also carry huge sediment
Joad [rom the Jarge catchments 2 resulting to about 1.0 to 1.1 billion tons annually. The
Jamuna is onc of the largest braided rivers in the world. The changing planform of banks
and sandbar of the river not only cause suftering to the people living along its course bul
also cause national losses damaging cultivaled land, settlements, commercial centers and
infrastructures, Therefore, the better undersianding of the behavior of the river would be

useful to mitigate losses by river crosion.

For a scicntific and rational approach to different river problems and proper planning and
design ol water resources projects as well as underslanding of the morphology and
behavior of the river is a pre-requisite. Morphology of river is a Reld of science which
deals wilh the change of river plan form and cross-sections due to sedimeniation and
erosion. In this fisld, dvnamics of flow and sediment transport are the principal clements.
The morphological sludics play an important role in planning, designing and maintaining
river engincering structures. Duc to camrying huge sediment loads with low gradient,
riverbed appradations is most pronounced for the major rivers of Bangladesh. The
morphology of the major rivers is very dynamic in naturc and frequent human
mterventions caused the rapid declining the behavior of river morphology. These
metamorphoses have been changing the flood regimes, agricultural practices, oodplain
ecosvstern and navigation. The Ofd Brahmaputra River was navigable for stcamers only
about 60 vears ago, but presently it is an abandoned channel. This picture is true for many

other distributaries of the Ganges and Meghna Rivers. Human interventions withoul



considering the river morphology often caused (he aggradations and reduced navigability

as well as the water carrying capacily of rivers.

A comprehensive study of capilal dredging and susiainable river mamagement in
Bangladesh has been formulated in water sectors to cope with the challenges of bank
erosion, sediment transpor, flood conmol and navigation etc. (BWDB-1WM, 2013). The
main ohjectives of these smdies waes to advisc a management plan of major rivers,
tributaries and disidbutaries for mitigalion of flood and erosien managenent, o improve
navigabilily and to argument dry season Now in the distributaries considering capital
dredging and river training wotks and other interventions. This smategy and action plan
will identify the conceptual framework of capital dredging for flood and erusion
management, explore financial options and formulate options for implementation, The
study will be composed of capital dredping, niver traming works, sustainable maintcnance
dredging module, spoil management, channelization of the main rivers, afforestation,
navigaiion, land development, fisheries devclopment, environmenial management plan

and monitoring cre.

‘I'ne erosion and shifling of river courses, Joss of land, especially along (he Jamuna river
have long been recognized as a natural problem that affects a sizable population in
Bangladesh. The overall width of the river exhibits an increasing wend, especially at the
upsireamn part of the Jamuna River. To mitigate the river bank erosion, government has
laken a decision to immediately implement capital dredging in the Jamuna River in a pilot
hasis. Toml lenpth of the pilot dredging is about 20 km from upstream of Sirajgon] hard
puint to downstream of Banghabandhu Bridge near Dhaleswarl Offtake. The main purpose
of this pilot capital dredging is to divert the flow from the west channe) into a mid channel
tir reduce the risk of failure of Sirajganj Hard Point and to guide the flow along the middle
of the existing char through the Bangabandhu Bridge o near Dhaleswari Offtake. Tt is
expected to reduce the risk of riverbed scour along the Sirajganj Hard Point and also
reduce the erosion o west guide bund of Bangabandhu Bridge. To achicve the above
target through pilot dredging, the analysis of sustainability of duc dredped channe! is very
imporiant.
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Fipure 1.1: River systems of Aongladesh. {Source: RWIDR, 2010)

1.2 Ohjcetives with speciflic alms pnd passible oeteome

This study is intended 10 pssess the morphological stability of the 20 km dredged channte)

along the broided Jamuna River, The main objective of the siudy is to nisess the erosion

processes and its management plan with respect to flow regime, ‘Ihe specific objectives

are as follows:



(i) Tor assess the historical trend of channel shilling based on secondary data.

{ii) To assess thc physical response within the dredged channcl under changing Now
regime.

{iii} To clarify the causes of changes of hydraulic parameters and the sustainabilily of the
dredged channel.

1.3  Rationale of the study

This study would be useful to assess the mle of capital dredging in comprehensive river

management plan along the braided Jamuna river of Bangladesh. In particular cases:

¥ Tt may also serve as a guideline for further studies relevant to this topics;

¥ 1t can be helptul for decision making regarding this problems;

% This study finds out some measures that can be used for the fixation of futurc
planming;

% It would provide guideline to undertake similar type of work in other rivers of

Bangladesh;

1.4  Scope of work of this study

Fhis slady would be helpful to investigate the rawe of siltation and stabitily of an arificial
dredged channel along the sand bed braided Jamuna River. The scopes of works of this

study are as follows:

+ Primary and sccondary data colleetion of the Jamuna River lrom available sources;
« Satellite image analysis to assess the historical change of channel shifting:

= Assessment of backfilling rate of the dredging,

» Prcparetion of future dredging plan for braided river using inorphological model at

the end of the pilot dredging;

1.5  Limitations of the study

Major limirations of this study are summarized below:

{i) I'he hydro-morphological characteristics of a natural river depends on a number of

variables such as water level, low velocity or discharge, channel planlorm, bed



1ppography, bankline shifting, bar dynamics, sediment transport ete Il was not

possible to collect all primary data for this study;

(il To clarify the causes of changes of hydraulic MNow regime, measurement of all
parameters for this study 1s difficult and quite impossible. The findings are case
specific and extrapolation of the result 1o other areas should be exiended with

carelul judgment,

1.6 Structures of the thesis

Chapter two mainly focuses on the literature review; chapter three prevails study area,
while chapter {our claborates methodology of the study. Chapter’s five summarizes results
and prevails discussion. Finally, in chapter six focuses on conclusion and

recomimendations,

i



CHAPTER TWO

LITERATURE REVIEW

2.1  Brahmaputra-Jamuna River system

Bangladesh is the lower riparian of Brahmaputre-Jamuna River system. The river is
originated in the glacier of Jimayanzhong at the north foot of the Himalayas Mountain in
south Tibet of China. Then the river sharply turns southward thus forming the famous
vahitsangpojiang great bend. When ihe river passing through Bacuca enters to India, it is
callcd the Brahmaputra River. The river basin of Brahmaputra-Jamuna includes parts of
China, Bhulan, lndia and Bangladesh. Total catchment srea is 560,000 sq-km out of which
42,000 sq.km is lying in Bengladesh. The tribusaries of the river are Dudhkuma, Dharla,
‘Teests, Karoloa and Atral. The disuibutaries are Old Brahmaputra, Jhenai, Bangshi and
Dhaleswati. The river basin represcurs a higher mainfall area with an annual average
rainfall of around 1900 mm; the water yield per square kilometer of Lhe drainage basin is
around 0.03 m*/s. The major river then rolls down the Assam valley from east to west for a
distance of about 720 km and thereafter the river swings round the spurs of the Garo hills
and enters Banpladesh. At the Indo-Bangladesh boarder, the river again fums south and
continues as Jamuna 1o its confluemce with the Ganges near Aricha. Aler meeling Ganges
River and Meghna River near Chandpur, the combined flow of the three rivers further
southwards under the name of tver lower Meghnz and conscquently empry into Bay of
Bengal. The river is approximately 2,900 km long, out of which 240 km from Noonkhawa
tp Aricha is lying in Banpladesh. In response lo the rainfall distribution, the river stage

varics by about 6im.

I'he characteristic feature of the hydrograph of the Jamuna is the existence of the broad
peak between July-September. The river drains an estimated 620x10% m" of water
annually to the Bay of Bengal. The discharge varies from minimum of 8,000 m’/s to
maximum of aboul 100,000 m*/s while the dominant discharge of the river is 38,000 m*/s
and hark full discharge is 48,000 m’/s. Tt has an average surface water slope of around 7
cm/km. The valley slope in Bangladesh decreases gradually from 0.10 m/&km to 0.06
m/km. During monsoon, the average width of Jamuna River is 12.5 km with average
velocity 2 m/s. The average depth of the main channel of Jamuna is about 8 m and average

water depth ahove the chars is 1m to 2m during flood. Consequently, the Jamuna River



carries a heavy sediment o, cstimated fo be over 500 million tons annuatly. Most of this
is in the silt size class (suspended load) but around 15 to 25 perceni is sand (bed load).
‘This sand is deposited along the course of the rver and the clay fraction is transporied to
the delta region. The composilion of the bank materials is remarkably ugiform and
consisis of tine sand {FAT* 1, 1994). The sand size sediment s retatively uniformly graded.
The range of dsy values of the Jamuna varies between 0.21mm to 0.14mm. The angle of
internal friction is approximately 30° for the Jamuna River. The dver is connected with the
Padma River near Aricha and the combined tlow rolls to Bay of Bengal through
Chandpur.

2.2  Geomorphological classifications of river

Rivers are found in different forms and peometries. Geomorphological classifications of
channel type have esiablished qualitative links between chennel process, form and
stability. Leopold and Welman (1957) classified rivers as straight, meandering and
braided. They separated meandering and braided rivers depending on bankfull discharge
and slope of the channel. From the laboratory study, (Schumm and Khan, 1972} represent
straight, meandering and braided in terms of sinuosity versus vailey slope.

CHAMNEL TYPE
Buccpancied Lo Mixed Loud Bnd Lnad

ETRAIGHT
——
— e Low

CHANMEL PATTERMN
MEANDERING
|
Width-Dapth Furilo
Garmadlet

LOW -—  AELATTVE BTABLITY —3HIGH

High - —-

BRADED

HGH W RELATIVE STAOLITY —™ LOW

Figure 2.1: Channel classification based on sediment load and system stability. {Source:
Schumm, 1977}



Types | and 2 are the siraight and slightly sinuous channel, resulting from [inc sediment
transport in suspension having highly erosion-resistani boundary material. Such channels
are confined by their bank boundary and display very slow rates of lateral bank shifting
and channet evelution. This planform is very rare in the natural rivers. Types 3 and 4 are
the meandering planform. Mixed-load stream with rclatively mobile bed matcrial and
greater sediment supply, resistani but somewhat erodible bank, generally follows
meandering courses. These channels migrate freely across the [loed plain through bank
crosion and point bar growth. Type 5 is a braided planform. Rivers wilh sufficiently high
gnergy to transport relatively cearse sediment as significant bed load and with weak bank
material wnd to have multithreaded and braided patiern. Braided chennels are very
unslable; they wander across their flood plains unpredictably through a combination of

rapid localized bank erosion and frequent anabranch avulsion.

2.3 Characteristics of a braided river

The detailed formation processes of a brmided rver are utill poorly understood and the
hydraulic parameters of a braided stream are extremety complex (Colernan, 1969). Jeapold
and Wolman (1964} described the developmeni process of a braided bar in a laboratory flume
as shown in Figure 2.2. The uncommented sandy flume channel was straight mitially. A
small deposit of grains in Figure 2.1 “A”™ of coarser sediment was introduced by lag deposit
of the coarser [raction, which could not be carried by the flow. The probable reason for this
initial deposilion given by Leopold and Wolmen was that the turbulent flow creates the
fluciuation of instanlaneous velocity, which causes a brief decrease in intensily allowing
wome particles to rest. Once initiation of (he bar has occurred it accretes verlically (shown in
“B™ and (™) as well as in downstream direction. The presence of a bar reduces the flow area
and diverts the ow towards the bank (shown in “IF7), mitialing benk erosion thus increasing

the Fow arez.

The velocity distribution over a mid-channel growing bar reduces after accreting the bar to @
certain level shown in “E" (Ashworth, 1995). This forces the flow further wowards the bank
atiributing the further widening of the channel. Widening of (he channcl increases the flow
arca and drops the wuter level, which results in the bar emcrging (“F”) for constant
discharge. These arc the mechanisms of the midchamme! bar initiation as based on

{Leopold and Welmarn, 1957). Migration of channels within the broid belt is mainly rclated



1o the erosion of their ouier bends which resulns trom the corvilinear Now or from the

lateral or downstream expansion of sand bars, pushing the channels cutward {LEGLS, 2001).
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Figure 2.2: Steps in the development of a braiding process (Leopeld and Wolman, 1957).
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Yigure 2.3: Channel classification in the Jamuna River (Brstow, 1987).

In a braided river third orders of channcls are present {Williams and Rusl, 1969). The
ordet of channels depends upon total discharpe and fluchuation of discharge. The first
order cownprises the whole river. Second order is the dominant channels within the river
whilst third order channels are primarily low stage featurcs which modify the bars
deposited by the second order channels shown in Figure 2.3. According lo Leopold and
Walman (1964), there is a close relation between braiding and meandering. Braided channels
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may exhibit curves that have a characteristic rclation of radius to channel width and the river
has at least some reaches thal would be called meandering. Alse it is found from the study
on a large scale sand bed braided river that the Mow smucture in a bend of an anabranch
channel (i.e. second order chanmnel} of a braided river is similar to & meander bend of
single thread rivers (FAD 24, 1996).

1.4 Channel formation and shifling process

In a braided river, there exist a number of channels within the braided belt. Leopold and

Wolmarn (1960) derived empirical refations for meandering rivers, which arc as follows:

A=1058" (2.1}
A=278" (2.2}
A=4.7R" (2.3)

In which A = meander length, A = amplitude and R = radivs of curvalure. The

definition diapram of these parameters is shown in Figure 2.3,

! A _—

Figure 2.4: Diagram of meandering wave lengih, amplitude and radius of curvalure.

Relating the second order braided chanmnel wiik the mcander formation Klaassen and
Venneer {1988) found seme deviations. They derived a relatien at a slation of the
Jamuna River based on Lacey’s regime relation, considering difTerent levels in the cross-
sections for different discharges and comcsponding water surface widlh and average
depth which they estimated from the BWDB mcasured cross-section. The discharge in an
individuat channel was estimated as Indicated in the regime relations. On average, the

flow depth and width relations wilh discharge are expressed as below:
h=0.560"" {2.4)

B=1890"" (2.5}

10



These retations indicate that the channels of the Jamuna River are quickly responding to
adjust their depih and width with the verialion of discharges. However, no channel in the
Jamuna River is in regime condition and continuous change of channel development and
abandonment is A common phenomenon. Due to the pericdic formation and decay of Irrge
chars end sandbars in the Brehmapuire-Jamuna River, consiamtly changing river currenals
arack its banks and cavse erosion st apparently random locations. Such bank erosion may
initialky reach mtes of several hundred meters per yeor and ereate and embayment in the
hank several kilometers long as the river channel seeks 1o readjust its channel capacity to
accammodaie o growing char. Historical devetopments of rivers of Bangladesh are shown

in Figure 2.4,

A Rernelo Map [1T04-63)
O WWioo kb (182134
C. AVHRR tmoge { 16411)

i I el

Figure 2.5: Hisworical development of Avers in Bangladesh.
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25 Effecis on channel stabilization

Channelization involves changing one or more of the interdependeni hydranlie variables of
slope, width, depth, roughness or size of (he sediment load. Channelization has a great
impact on a river because it disrupts the existing physical equilibrium of the watercourse.
To compensate for the alteration in one or mere of the hydranlic vaniables and 10 establish
a new, smble equilibrium, other parameters will change. The gradient and the velocity of
flow determine the erosion and transport of material. The gradient and velocily of flow are
increased by channclization and as a consequence the equilibrivm is brought out of
balance. The watercourse will atempt to regain its state ol equilibrium as a result, the
increased waterpower can cause bank erosion and the channel may suffer serious scour
and ultimately [ailure, which is if no prolcctive revelment is installed. River
channelization ofien leads to @ significant legacy in terms of maintenance and

bank/channei siabilizalion.

The cumulalive effects of fong-term walcrshed development and river works have had
extensive adverse impacts on our rivers. Direct disturbance to channels by straightening,
lining, draining, raising, lowcring, clearing, dredging in the name of [lood contml,
navigation and other single-purpose objectives have laken a serious tell on the physical
and biological functions of our rivers. The flow figkd and bed morphology around the bank
protection structures either inlrusive or nonintrusive, very specially and temporally but
maintain cerlain common features depending on the type of the structures. The strong
vorex system in front of end retum currents behind the upsircam termination of the
Sirajganj Hardpoint arc the major engines for the morphological variations and are also the
main causes of structural failure. Morcover. the imensity of flow around the termination is

closely related to the evelution is nearby sandbars (Rahman. 2011).

The applicability of (Tkeda, 1981; Hasepawa, 1984) formulae for bend development is
tested to the meandering channels cxisting in the Jamuna Bridge site. Tt is found that these
formulae arc applicable for the braided rivers. Another crilerion of (Jagggi, 1984) is
applied to 1est whether the sand bar in the siudy reach had obuained its equilibrium height
or not. The main channel of the Jamuna River has been shifiing from west {right bank) to
east (lefi bank) direction. From 1985 to 1992 at 4 km upstream of the bridge, the shifting
of the left bank of the main channel was 1.43 km and in 1996-97 il was .65 km described



by {Alam, 2064). However during the period from 1997 to 1999, at 4 km upstream of the
bridge, the shifiing of the left bank of the main channel was 3.04 km.

Channelization has immediate and direct clfects on stream processes beeause it involves
direct modificalion of the river channel. Reasens for modifving dver channels include
flood contro}, speedier storm water conveyance and drainage of adjacent lands, navigation,
bank stabilizalion, crosion comtrol and protection of highways (Keller 1976). Most of the
early studies op the elfects of channelization concentrated on the physical effects and
changes that cccurred to the stream channel. Later, biological effects also began to be
noted and evaluated. In 1978, a Task Commitce of the Hydraulics Division of the
American Society of Civil Engineers did a general overview on the environmental efllecis
of various hydraulic structurcs (Task Committee, 1978). The cembined elfect of the
physical and biclopical changes are benthic macro-invertebrates, fish and agualic/riparian
vegetation from algae and macro-phytes o riparian shrubs and trees, as well as terrestral

artimals such as amphibians, reptiles, birds and mamimals.

2.6  Erosion probiem in the Jamuna River

River bank erosion is one of the major natural disesters of Bangladesh. It has caused
untold miseries to thousands of people every year living along the banks of rivers in
Bangiadesh. To dale, erosion alone has rendered millions hemeless and has become a
major social harard. Most of the sium dwellers in large urban and merropolitan towns and
cities are victims or riverbank crosion. In 2008 the Jumuna, ihe Ganges and the Padma
rivers eroded about 3,230 ha of land. 425 ha of settlement, 290 m of embankment, 1,84{0m
of districl road, 590m of upazila road and 3,635m of rural road, during the same period the
Jamuna and the Padma eroded 19 educaiional institutions, 7 hat/bazaars and 2 govemment
offices (CEGTS, 2010). On the other hand, a prediction sdy by CEGIS based on satellile
image for the year 2009 indicates that around 2,180 ha of land, 420ha of settlement, 5335m
of active embankment 603m of district road, $00m of Uparila road and 4,320m of rural

road are vulnerable to erosion along the Jémuna, the Ganges and Padma. Moredver, 23
educational istitmtions, 4 hat’‘bazaars, 2 government officcs and 2 health centers are
vulnerable to erosion along the Jamuna and the Padma rivers. Satellilc image analysis
reveals that Brahmaputra-Jamuna river is migrating towards west/righl bank flocdplain.

From litcrature review, analysis of historic maps and satellilc images indicates that the
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Brahmaputra-Jamuna centerline has moved and average of 4.30 km west since 1830, with
a maximum westward movement of 13 km at its northern end. Analysis of a series of
recent images shows that this river is migrating westward at an average rate 75 m per year
(CEG)S, 2010). The centerline of Brahmaputra-Jamuna is moving and also has been
widening. The elects of banktine erosion and widening of the river channel have been

great.

Sirajganj is an old established town in Bangladesh. The urban and peri-urban development
has been expanded ciose to the river bank. It is reported that one kilometer of right bank
has already shifted in the westward direction since 1830 (Halerow, 1994). The increased
river Mow is attacking the bank directly at Kalia-Haripur bend. Local people informed that
some of them hod to shill their homesteads from the bank four to six limes and many of
them lost their agricultural lands into the river. At Char Malshapara, a school and a
madrasa went into the river. Char Malshapara mosque shilted three times. Potential
erosion at downstrearmn of Hardpoint brought the bank line near BRE. The people of these
areas have become fandless as well as poor. According to the information of the Union
Parishad member and the common people of Char Malshapara and Mara Gram, 40% of
the total people being landless and shifted from the villages. Bank erosion has made their

life mizerable.

The unique natural setting of Bangladesh in the South Asian Sub-Continent and the
characleristics of tropical monscon are greatly responsible for flood, sedimenttion,
riverbank crosion and population displacement in Bangladesh. River bank erosion is
closely related to the magnitude of (jood and bank materials of alluvial characier. Rivers
flowing through Lhese loose alluvial soils carry most of he croded materials as sediment
on (heir way to the Bay of Bengat (Elahi, 1991; Islam, 1985). Tt is a frequent natural
disaster in Bangladesh. CEGIS annualty estimatc the amount of erosion and accretion
along the three main rivers: (the Jarmuma, the Ganges and the Padma) of Bangladesh
(CEGIS, 2010). From lhe study it was found thai Jamuna River is widening and both
banks are mnigraiing owtwards at a high raic for the last few decades. During the Hast three
and half decades (1973 to 2010), the nel erosion along the 220 km long Jamupa River was
about 71,068 ha. The highest erosion was in Sirajganj district (20,967 ha). The annual
erosion along the Jamuna varies from one year to the other and also from ene reach o the

other reach {CEGIS, 2010).
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2.7  Ermtion manapement and river training works

The rate of crosion along the right bank of the Jamuna River is higher than the [et bank.
'The Amhmaputra Right Embankment (BRE) was built duning the Inte 19505 and mid-
1960s to protect (ke flood plain against fooding. The component was formulated o study
on short term and long term protection along the right bank of the Jamunn River (FAPI,
1994). Qut of 10 localions, § priority vuincrable locations were sclected for bank
protection measures. Under this componenl, construction of Herdpoint was suggesied 10
stabilize the bourdaries of the bmided belt. During 1998, hard points were built at
Simjganp. Sarieknndi end Mathurapara. The construction costs of the Hardpoint were very
high, About 30 river Lrining siructurcs were constructed along BRE mostly duning the last

decade.

Banpladesh Water [Development Board (BWDDB) hes mixed experiences of bmh failures
and successes of such projects {or the proteetion of BRE (Uddin, 2007). During the period
of 1996-2002, fificen RCC spurs have been constructed at difTerent locations of BRE with
variable length and spacing. Oul of these, five were damaged (Uddin, 2007). The primary
causes of failures of different bank protection struchures are flow slide, oblique fow
townrds bankline or strecture and generaied excessive local scour around bank protection
siructures (HWIDB, 2008; BWDB, 2006, BWIH, 1999). Repair and maintenance works
are very imporiant for the river trining works even arcund very expensive structurcs such
as the Hardpoint (BWDDB, 1999).

"

[
s

Fipare 2.6: Modes of failure of Simjganj Hardpoint at 2009,
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-
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2.8  Environmental and social impacts of dredging

Dredging of the river is likely 1o have both positive and ncpative impacts on the
environmental and social components. Positive Impacts of river dredging would include
increase in carrying capacily of the rivers leading to reduce the erosion. In addition to
increased navigalion facilities, access to availebility of surfuce walcr for domestic and
industrial use will improve. Delinite improvemenis in flooding and drainage can be
expecled owing 1o increased conveyance capacity of the rivers. Increased availability of
surface water would lead o increase i irrigated area which in tum will have very positive
impact on agriculmural crop production. Dredging would make the rivers more stable
thercby reducing river crosion which is one of the major causes of increasing landlessness.

Reduced river erosion woutd nltimately contribute to poverty alleviation.

Mosi negative impacts of dredging are associated with the way the dredged spoil is
disposed. Common environmental and social components are likely to be negativety
impacted by dredging may include disturbance created for aquatic flora and fauna in the
waler body, contamination of water due 1o leakage of oil and lubricants from the dredger,
land degradation due to disposal of the dredged material, conlamination at the dredged
spoil disposal site, displacement ol communities from the dredged spoil disposal site, etc.
However, it is possible wo minimize the effecl of the negative impacts through mitigation
measures developed as a part of the environmental and social impact asscssment
(LTA/STAY studies. In fact, proper operation and mainenance of dredgers would check
spillage of oil and lubricants thereby avering conlamination of water while properly
planned and implemented disposal of dredged materials will mke care of most negative

impacts.

29  Hydrometric information from Pilot Capital Dredging

The hydromeiric data (cross section, water level, discharge, sediment concentration cie)
within sudy area would be collected from Institute of Water Modelling and Bangladesh
Water Development Board. Analysis of collected hydraulic data would be made to find

out the variation in the depth of MNow resuling from sedimentation or scouring.
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2.9.1 Secidiment concentration and properties of river bed sample

Properties of a single sediment particle that is imporiant in the study of sediment transport.
The sediment propertics are size, shape, density, specific gravity, specific weight and fall
velocity, Size is the basic and most readily measurable property of sediment. Shape also
aftects the tronsport of sediment, but there is no direct quantitative way 10 measurc shape
and its efTects. The shape factor is 1.8 for a sphere. Most natural sand particle have SF =
0.70.

The suspended sediment samples were cotlected from Jamuna Iliver at Sirajganj Hard
Puinl to Dhaleswari ofMake during 2011-2012. The sediment concemration measurement
cormesponding to the relative depths was done as mentioned before. Sediment sample had
been collected at 2 vedicals {maxwimum and minimum depth) during discharge
measurement. The location and time of sampling was related with the discharge

measurement timing and location. The lollowing observations are given below:

¢ The average sedimemt concentration in the Jamuna River within the sudy arca was

found 419.80. mg/l, 446.83 mg/l, 44415 mg/l, 376.52 mg/l, 40941 mg/l in June,
July, Aupust, September and October 2011 respectively.

« The average sediment concentratiom in the Jamuna River from Sirajganj Hard Point
to Dhaleswari QOfftake was found 402.56mg/] and 417.53mg/] in May & June 2012

respectively. The summary of sediment concentration is given in Table 2.1.

Table 2.1: Sediment conceniration in the Jamuna River at dillerent locations

. Average sediment
Date Location congentration {meT)

Siraganj Hard Point 45329

Dredged Channet 425.07
22052012

Right channe} at /8 of Bangabandhn Bridge 27857

1.2f channel at VS of Rangabandlm Hridpe 453.34

Sirajgan] Hard Point 252.36

Dredged Channel 16108
05406/2012 -

Right chanmel at 1/5 of Bangabandhu Bridge 208.73

f.eft channel at /S of Bangabandim Bridge 21824

Sirajganj Hard Point 352.79
16/06:2012

Dredged Channcl 350,85
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. Average sediment
Date Lacatian concentration {myT)
Right channel at /S of Bangabandhu Bridge 432.11
Left channel at IS of Bangabandhu Bridpe 46954
Sirajganj ITard Point 418.48
Diredged Channel 460 82
2006/2012 | Right channel at IVS of Bangabandhu Bridge 533.78
Laft channef at /S of Bangabandhu Hridge 486.51
26M06:2012 | Sirajgani Hard Point 353.60
LeA Channel adjacent to dredgged channel 523.12
27062012 | Right channe! o IS of Bangabandhu Bridpe 37424
Left charmel at I/S of Bangahandhu Bridge 88371
Right chaonel at IV of Bangabandhu Bridge 271.63
26062011 :
Lefi chammel at DS of Bangabandhu Bridge 419.10
Sirajganj [lard Point 489 89
03072011 | Right channel at 18 of Bangabandhu Bridge 54651
Left channel i I8 of Bangabandhu Bridge 516
Sirajgun] Hard Point 35083
09072011 | Right channel at /5 of Bangabandhu Bridge 572.26
Left channel ol IvS of Bangubandhu Bridee 53017
Right chanme! at 1¥$ of Banpabandhe Bridpe 57424
1282011
Lefi channel at I¥S of Bangabandhu Bridge 243,80
Right channe] at IVS of Bangabandho Bridge 581 81
221082011
Lefi channel at Dv'S of Banpabandhe Bridee 364.90
Right ¢hannel at VS of Hangabandhu Bridge 426.34
1009/201)
Left channel at VS of Bangabandhw Pridee 326.71
024102011 | Right channe] at TS of Bangabandhu Bridge 25053
Lell channel at TVS of Bangabandhu Bridge 37067

29.2 Siltation of the dredge channel

Sediment load js predominant for development of river bed and bank formation as well as
accretion of Jamuna River. The dver regime is frequently reshaping ils section due o sand
bar movementi and it accelerates with the magnitude of flood. It is seen that the dredged
area is gradualty silied up but increasing the conveyanee arca by eroding the char both side
of the dredged chammel. The backfill measurement was carricd out durimg dredging period

on the dredged channel and the backfill mte was found around 3540 percent. The

observed siltations in the dredped arca in different dates are hisied in Table 2.2.
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TFable 2.2: The observed siltation in the dredged area in difTerent dates

Observed Siltation in dredged

Actual srea
Chainage ,?m dge Rackfil % ol Remarks
olume
(lakh cum) Date volume dredge
{lakh cum) | velume

Km 0.0- km 3.0 19.50 13.09.13 12.33 62
K 10.0- km 12.50 55.00 14.09.13 | 4111 75
Km 13.50- km14.00 5.63 14.05.13 5.62 9087 | .
K 0.0- km 3.0 1990 | 3007.13 | 1206 61 |1 Yer
Km 100-km 1250 | 5509 | 31.07.13 | 4532 gz_| Jaenence
Km 13.50- km14.00 | 5.63 30703 | 533 05 sz g
Km 0.0-km 3.0 19.90 2406.13 | 1232 62
Km 10.0- km 12.50 55.09 750613 | 21.26 39
Km 13.50- km14.00 5.65 25.06.13 4.12 73

07.06.12 | 4347 37
Km0.00-km1400| 11886 | 160612 | 50.17 42

26.06.12 | 4597 39
Km 045 K 14.00 | 99.96 08.07.12 | 4996 50 ‘
Km 055 Km1400| 9312 | 1607.12 | 53.44 57 C.?F'“al

730712 | 50.88 51 Sigigi"g‘

03.0812 1 49.79 50| 5013
Km 0.45-Km 14.00 99.96 Tg:gg::i :g:i: ig

9.10.12 57.29 57

721012 | 5931 60

08.06.12 7.20 15

15.06.12 6.1 13

270612 | 13.76 2%

i1.07.12 | 1391 29

18.07.12 17.70 36
Km 16.0- km 22.0 48.73 2[07.12 | 1778 36

03.08.12 | 20.29 42

250812 | 2229 46

12.09.12 | 12.64 2%

10.10.12 | 1602 33

230012 | 17.15 35

210 Summary on literature review

Human manipulation that chanpes the shape of a river's natural ftow patiems can allect
the river murphology. The literature review discussed Lhe river pattern, classified on the
basis of appearance in a plan view as braided, straight and meandering river. These review

alyo emphasis mainly on the characteristics of the Jamuna River, [low process al bends
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and bar migration through bends with fimited emphasis on bank erosion and associated
impacts in Bangladesh. Development and abandonment of channels within a year is a very
common phenomenon in the river, which makes the river dilficult for navigation.
Widening of the river also apgravated the problems. The poiential impacts of
sedimeniation in the Jamuna Rivers of Bangladesh are causing more flonds, bank erosion,
char formatior, channel shifting etc. All of which have scvere implications on agriculture
preduction and livelihood of people. A pilot capital dredging is fermulaled to reduce the
crosion and maintain the navigability of the diver. It is important to formulate a project
where dredging limits satisfy (he requirements, dredging footprint and potential
environmenial impacts. But before launching of any dredging work, it is imporiant Lo
conducting of hydrographic survey, preparation of route plan; dredging methodology and
the disposal of the dredged materials are imporiant activities for the sustainability of the
dredging channcl. Recently, CEGIS observed and predicted that during the last three and
half decades {1973 o 2010) the net erosion along the Jamuna River was about 71,068
hectares of which 16,122 hectares in Sirajganj district. CEGILS also identified ihe most
vulnerahle location of the reach is Kalia-Haripur area in berween two important structures,
Sirajgan] Hardpoint and right puide bund of Bangabandhu Bridge. So a complete study is
necessary for he understanding of overall situation. The present study will be usctl for

conducting future development action and policy formulation related to bank erosion.

0



CHAFTER TIIREE
STUDY AREA

31t Studyarea

The study area is located [rom upsiream of the Sirajganj Hardpoint to downstream of
the Rangabandhu Bridge near Dhaleswari ofMake as shown in Figure 3.1. The total
lenpth of the study area is around 20km, split by two segments. The upper segment is
14 km, starting from upsiream of Sirajgonj hard point as KM-0, which cnd at KM-14,
The lower scpment is 6 km, starting [rom ¥M-16, which end at KM-22. The cenicrline
co-ordinate of the 1Y segment KM-0 is (24°31'28", 89°42'43") and KM-14 is
(24°24'25", 89°45'35"). The centerline co-ordinate of the 2™ scgment KM-16 is
(24°23'36", 89°46'10") and KM-22 is (24°20°27", 89°473"). The design section has
considered for dredging as 120m bed width, 1:3 side slope and 7 emkm longitudinal
slope. The channel upstream bed level at KM-0 was 3.00 mPWI) and downstream bed
level at KM-14 was -2.40 mPWD but a drop of bed level from 2.42 mPWI to -2.00
mPWD was done at KM-8.25 to KM-8.50. The bed level at KM-16 was 0.00 mPWD
and at KM-22 was -0.42 mPWD.

Table 3.1: Centerline coordinates of dredging alignment from Ch-0.0 m to Ch-22,000

m
]f':,h Ch?;;ge Latitude Longitude ;L Ch?::; E* Latitude Longitade
1 0 2473127"N 1 BOCATUIE 12 104K | 24°23'52"N | B9°44'50"E
2 1000 24730035 | §9°448"E 13 12000 1 24°2521"N | B9°45°00"E
3 2006 24°30°24" N | B94XST'E 14 13000 | 24°24'51"N { B9°4514"E
4 60 | 24°29°52°N | R9°4303°E | 15 14000 | 24°24'25"N | 85°45'03"E
5 4000 | 24°2921'N | 89°43'I4"E_| 16 16000 | 24°23'36"N | §8°46'09"E
& 5000 | 24°28°51"N | 89°432R8"E [ 17 17000 | 24°23'05"N | §5°4620"E
7 6000 249282 2"N | 89°434E 1% 1RGO0 | 245220°33"N | 89746'2%VE
8 7000 24°2754"N | B9S44'03"E 19 19000 | 24°22°02"N | 89°46'38"E
9 BN 247X7A5"N | BOR44 TR 20 20000 [ 24°21°30"N | 954646 "E
11 00 242653 | 89°M'S00E | 21 21000 [ 24°20%59"N | #9°46'54"E
il 10000 | 24v26'23"N | 8974441 | 2 22000 [ 24720027"N [ B9S4TO2E
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Flgore 3.1: The study area showing from Sirejganj Hard Point to Dhaleswari olTiake.



3.2 Physical features of the study reach

River bank crosion is a big problem of Bangladesh, especially along the braided Jamuna
River. Thousand hectares of land are eroded each year by the mighty Jamuna River.

Social and economic problems are created in consequence of erosion.

321 Topography

The area is & low lying flood plain area. Char Malshapara Gram and Mara Gram
villages are located at 400m to 650m inside from Brebmapuira Right Embankment
(BRE) respectively. Homeswads are localed in a scatrered way where lands ars
relatively high and trees are found lo give them privacy and shade. Due to consecutive
dver bank erosion, people have to shifi their houses severul times and they take shelter
near Brahmaputra Right Embankment (BRE). The crest level of Sirajgan) Hardpoeint is
(+) 16.75 mPWD, whereas approximate ground level is (+) 13.00 mPWI> (Liddin,
2010).

3.2.2 Demography

The study area is located in Sirajganj Sodar Upazila. The derﬁogr&phic characieristics of
the Upazila arc reflected here. Sirajpanj Sadar Upazila with an ares of 325.77 sq.
kilometer has a population of 38%160. Among them, the number of male is 31.54%,
fenalc 48.46%:; Muslim 95.16%, 1lindu 4.80% and others 0.04%. Average Jileracy of
the area is 29.8% amongst which male literacy is 35.6% and female is 23.5%. The
significant educational institutions are BL High School (1869). Gyandayini High
School (1884), Islamia College (1887), and Sirajganj Government University Collcge
{1940). Main occupations are agriculture 23.17%, agricultural labourer 13.76%, wage
labourer 4.37%, commeree 16.09%, service 12.55%, weaving 4.10%, ransport 3.53%,
industrial labourer 4.12%, and others 14.31%. Total cnltivable land js 23872.53
hectares, fallow land 772.16 hectares, singlec crop 21.44%, double crop 47.54%. and
miple crop land 31.02%; and cultivable land nnder irigation is 42.38%. Among the
pcasants, 7.33% are landless, 10.12% are marginal, 61.99% are small, 17.81% are

intermediate and 2.55% amc rich.
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323 Hydro-Morphology

The Prahmaputra-Jamuna River originates in Tibet on the northern slope of the
Himalayas and drains spowmelt and rainfall from China, Bhutan, india and
Bangladesh. Before it mests with the Ganpes River at Aricha in Bangladesh, the river
travels a length of 2,740 km. Its total catchment area is 570,000 km?, of which only 7%
is within Bangladesh. Annual average precipitation in the catchment is 1,900 mm, of
which motc than 80% precipitation occurs during the 5 months of the monsoon. The
water level slarts rising in March/April due to snowmeit in the lHimalayas and may
atlain its peak between the beginning of July and mid-September. The annual average
Flow is 20,000 m"/s as measured at Bahadurabad and the maximum estimated discharge
is 100,000 m*/s in 1998 {EGIS, 2000). Minimum flow in the river generally occurs at
the end of February or the beginming of March. The recorded low [tow was 2,860 m'/s

in 1971 (FAP 24, 1996),

In ihe study reach, BWDB have no permancnt discharpe measurement station, WM
measures discharpe ot three selected locations (Sirajganj Hard Point, vpstream and
downstream of the Jamuna Bridge) at 15 days interval from April to October, 2012, The
average water level slope of the Jamuna River is 7.5 em/km, varying from &.3 cm/km in
the upstream part to 6.5 cin/km al the downstream end of the river (BGIS, 2000). The
Jamuna River is a braided river with a braiding index thal varies spatially and
temporally. The ranpe of variation is 2 10 5 (Klaassen and Vermeer, 1988}, The overnl]
width of the river is also varied spatially and temporally, from 6 to 14 km (TAP 24,
1996). Generally, the braiding index and the overall width arc larger at the upstream part
than farther downsmeam, probably due w the effects of higher slopc and grain sizes
(Klanssen and Vermeer, 1988). The overll width of the river shows an increasing, trend
towards westwanls, especially at the upstream part of the river within Bangladesh
(Halcrow, 1993}

3.2.4 Sediment Transport

The bed material size of the Jamuna River was decreased from upsiream towands
downstream and ihcir range varies from 0.22 mm (o 0.16 mm. The averape annual
scdiment discharge of the river is 590 miilion tons, which is consisted of 200 million

tons of sand (diameter above (.06 mm}, and the remained are silt and clay. Bank
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material of the Jamuna River consists of loosely packed silt and line sand, highly
susceptible to erosion. The average concentration of sand fraction varies between 300
mg/l to 500 me/i (FAP 24, 1996).

3.2.5 TInfrastractures

The bend of the study arez is 2 flood plain with cluster homestead, cultivable and fallow
land. The study area is surrounded by Sirajpeanj Hardpoint at North, Bangabandbu right
puide bund ail Sooth, Brahmaputra Right Embankment (BRE) at West and the Jamuna
River at Last. There werc fow schools, mosques, madrasa, bazar which had to shifi
several times and gradually being Jost due to erosion. [nside the study area there is no
regulator and drainape channel. 1o protect Sirajgan] {own a massive Sirajganj
Hardpoint was consteucted in 1998 under (FAP I, 1994). High Flood Level (HFL) and
Low Water l.evel (LWL) arc considered () 15.75 m, PWD and (+) 6.80 m, PWD
respectively and design flow veloeity is 3.7 m/s. The crest level is (+) 16.75 mi*WD,
whereas approximate ground level is (+) 13.00 mPWD. The side slope of the FHardpoint
is 1¥: 3.,5H. The Sirajganj Hord Point faced the high lood in the history of the Jamuna
i 1998 just afier ils construction. The Brahmaputm Right Embankment (BRE) was
huili during the late 19505 and mid of 19603 to protect the Hood plain againsd Mooding.

3.3  Bank erosion of the study reach

River bank erosion is an annual phenomenon in Bangladesh and the country is located
in a large floodplain delta complex of three major river system (the Ganges, the
Brahmaputrn and the Meghna). Due to river bank erosion, the people are displaced and
it creates social and economic problem in Bangladesh. The literature review is primarily
directed 1o an overview of the history of erosion and ils present status. Bangladesh
Water Developmeiit Board (MPO, 1986) has estimared hat about 1200km of river
banks in Bangladesh are under active erosien of which more than 500km lace scvere
erosion problems, The river bank crosion differs from river to river and reach 1o reach,
Hangladesh is a country of more than 120 millien people with 90 percent dependent on
agriculture {BBS, 2001}, In a typical year, onc fifih of the total 147,570 km® of land in
the country is severely flooded; and about 240 km of bankiine anaually experience

major erosion (Islam, 1983).
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The urban and peri-urban development has been cxpanded close to the tiver bank, such
as Sirajganj town in Bangladesh. )t is reported that one kilometer of right bank has
already shifted in the westward dircetion since 1830, "lbe increased river {low is
atiacking the bank directly at Kalia-Haripur bend. Local people informed thet some of
them had to shift their homesweads from the bank four to six times and many of them
lost their agricultural lands into the river. Potential erosion at downstream of hamdpaoint
brought the bank Jinc near Brahmaputra Right Embankment (BRE). The people of these

areas have become landless as well as poor. Bank erosion has made their life miserable.
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CHAPTER FOUR
METHODOLOGY

[his chapter describes the melhodology and planning of different activities of this study
such as dala collection, analysis and reporting ete. In fact, this chapter is a mirror of tis
study. The overall methodology of this study is representing through & schematic diagram

shown in Figure 4.1:

Reconnaissance Survey

¥

Problem Jdeniification

L J

Selection of the Smdy Area

!

l Research objcerives

L Lileralure Review

k J

i Data Colleciion _l

Primary Data‘1 Secondary data

Linking of Primary
and Secomdary data %

\ Model Development

h i

Satellite Image Analysis
_ Data Analysis [+
Cross-Section Comparison _l
\i{esulls and Niscussion

Figarc 4.1: Methodologicat flow chart of the study.

4.1 Reconnaissance Survey
ng a research. An understanding is needed to

aissance survey is essenbial for conducti
morphology. It is also

Reconn
agnitude of river bank erosion and its impacts on river

realize the m
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egsential for setting an outline for the overall study. The objective of the TECOINA1Ssance
survey was 1o quickly obtain the basic information and developing the overall understanding

about the study area it has been done by-

% Concepts about the study are developed [rom the previous relevant shudies.

% The several articles from newspaper, journals, scminars and also web document
influcnce to conduct the study.

¥ Kpowledgeable people around the study area during reconnaissance Survey also

helped me to formulate the concept.

4.2 Data Collection

The analysis of this study is based on secondary dota Primary dala was also nsed to clarify
the hydraulic parameters under changing Mow regime. Following data were used for these
studies:

(i) Water level, discharge and sediment data;
(i} Bathymetric data, velocity profiles and water surfoce slopes;
(iii) Cirain size distmbution of the snspended sediment,

(iv) Saellite images, which covering (he flood plain and showing important features like

point bars, alternate bars, middle bars, palaco channcls ele.;

42.1 Primary data collection

Most of the bathymetric and discharge data in this study were collecied from pilot capital
dredging project and used as & primary data in this study which is formally permitted from
Project Director, Bangladesh Waler Development Board, The discharge measurcment has
heen conducted using  Acouslic Doppler  Current  Profiler (ADCP). The sediment
concentration of Jamuna River has been measured in several places at (he time of discharge
measurcment period. The scdiment samples were collected at 0.20, 0.60 and 0.80 depth. The
analysis of the samples is done in the T'WM laboratory at Dhaka. The water level date were

collection from Bangladesh Waler Development Board (BWDB) and TWM.
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4,2,2 Secondary data collection

Secondary data were collected from TWM, BWDB and CEGIS. The bathymetric survey data
for this study were collected from TWM. Historical hydromelric data such as waler level,
discharge, sediment concentration, bed material, elc. were also collected {rom WM and
BWDB. Satellite images were used in this study, which images were collected from Center
for Environmenial and Geographic Informaiion Services (CEGIS). All images acquisition

dates were in dry seasons. The lisis of image that are used in this study are shown in Table

4.1.

Table 4.1: List of imageries that are used in this study

Year Image acquisition date Image type Rescolutivn
2007 14 January 2007 ASTER 15m=15m
2008 9 December 2007 IRS LISS 24m>24m
2008 13 February 2009 IRS LISS 24m*24m
2010 15 January 2010 IRS LISS 24m=24m
2011 19 January 2011 IRS LISS 24mx24m
202 27 November 2012 IRS LI5S 24mx24m

29




463000 4?1 000 474000 477000 4Bl.'ll.'llilﬂ 483000 486000

- L VK

Dredging :hgnmer‘rt -

o S
g 8
[ ]
= =
=] n 8
n 1]
= 2
g 8
=] b |
S =
=¥ |
£ =4

East quide bundh

Jamuna Bndga

700000

700000

Chaleswan offiake

B96000

96000

(=] (=3
=t =1
0~ o
8 &
458000 471000 474000 477000 480000 483000 486000
Legend . .
Data collection location of the study area £
e [redging afignment
a1 2 4 Mplgmelers

-JEIT'IJI"IE!_BMQE | I T TR T Y N N |

Figure 4.2: Location map around the study area [rom Sirajgan) Hardpoeint to Dhateswari
Offtake.

30




43  Data anakysis

‘T he sustainability of the dredged channel would be assessed by anelyzing the data 5o far
available on bathymetric dala, sediment concentration, lime-scrica satellite images, water
feve! and discharpes data around two imporiant river training structures (Simjgan)

Hardpoint and Right Guide Bundh of the Bangabandhu Bridge} along the Jamuna River.

4,31 Satellite image analysis

GIS techniques were used o analyze the satellite images. Time weries satellites imapcs
were used to understand the (ow and erosion processes of a developing bend. The time-
series geo-referenced saiellite images were superimposed to assess the histarical trend of
channel shifting of the dver courses. Iindings of the previous analysis were compared
with the result obtained by analvzing the recent available data on Mow and sediment
{ransport. Geo-roferenced images were used 1o delincate the large-scale bed-forms such
as sandbars movement. The delineated sandbars were superimpased in GIS ciivironment

o assess the shifting pattern and to assess their {ranslation process.

4.3.2 Cross-scction comparison

The bathymeiric daa were ploited from 2810 to 2013 ot four locations within the study
reach. These data were plotted with and without dredging condition under changing flow
regime to determine the dynamics of the river, trend of channel shifting, channcl
planform and river bank erosion processes. In this analysis sediment concentration and
discharge also relaie with the cross-sections data. The rale of river bank crosion and
changing planform of a river course js also related to the rate of sediment concenuation

and discharges.

4.3.3  Analyses of sediment concentration and depth average velocity

Sediment load 1s predominant for development of river bed and bank formation as well
ay accretion of Jamuna River. The suspended sediment dat would be collected from
IWM at Sirajganj Hard Point to Dhaleswari offiake as available on “Capital Pilot
Dredging” project. The ervsion and deposition processes on the river bed can be
described by ihe two dimensional continuity equation changes in sediment concentration,

as it was obscrved that the adaptation of the suspended sediment transporl plays an
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important role in changing the bed topography. To predict the location of erosion and
deposition on the river bed a number of measurements dunng the year 2012 survey arc
used for estimating the depth average vclocity, water depth and concentration of
suspended sediment. In this study two prediction methods are used for eslimaling the
eroston and deposilion processes on river bed. These methods are classified as Mcthod-1
(depth-velocity rclation) and Method-1T (depth-velocity and sedument concentration

relation}.
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CHAPTER FIVE

RESULTS AND DISCUSSION

3.1  Physical observatiom and analysis

River bank crosion is a severe problem in Bangladcsh cspecially along the Dbraided
Jamuna River considering both the scale and miensity of crosion. Thousand hectares of
(loodplain are eroded cach vear amd many people homeless with damaging
infrastructures. Because of the dynamic nature, 11 causes the sufterings to the people
along with damages to public and natural 1esources. To prevent bank ernsion, different
tvpes of protective structurcs have been conmstrucled at the erosion pronc arcas. The
structural measures are sometimes ineffective due to changes of the nver marphoiogy.

I'he data analyses Jor this sudy are as follows:

» Satellite imagc analysis

#  Cross-suction comparisom

L

Analyses of sedirnent concentralion and depth average velocity

5.1.1  Katellite image analysis

The main channe! of the Jamuna River is flowing paraliel to the Sirajgany Hardpoint
along the western side and then hilwrcated ar the downstrecam of the Hardpoint. Irom the
dry season ASTER (2007) and IRS TISS (2008, 2009, 2010, 2011 and 2017) images
represent that many sandbars are present at the upsueam and beside the study bend. These
sandbars arc differsnt sive and shape and bars arc translating both laterally and
longitudinally at different rate, Ther translation processes are described in the following

sec10ns

5.1.2  Sand bar translation

Dar dynamics relate to the morphologie behavior of rivers and in particular to the bank
erosion processes. To undeistand the dyvnamics of the marphology such as large scale
sand hars, a lime serics satellite image analysis has been conducted. Six geo-referenced
ASTERS. IRS 1ISS images of 2007 1o 2012 have heen superimposed to asscss the
channel shifting and sand bar movements over the years. The sand barg st the upstream

and adjacent 1o the study area are referred as sandbar | and sandbar-2 {Figure 5.1,
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Figure 5.2 and Figure 5.3) respectively. In these analyses, |ateral teansiation in cech year
wns mecasured from the centerline of the 2007 bar towards the wesiern direction.
enfually, longitudinal tmaslation was measured from the head end of sand btar of 2007

towurds the downward direction.

T
o

i)

T ===

Fipure 5.1: The mndbar movements of Jamuna River from 2007 o 2010,
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Canterline of
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Centedine af
2007 bar

Bankling

Lateral Translation of Sandbars Longitudinal Translation of Sandbars

Figore 5.3: Schematic diaprams of latcral and longimdinal lranstation of bars. {Souree:
Fazana Mahmud, M.5c Lhesis, 2011)
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5.1.3 Lateral translation

During 2007 1o 2009 both sandbars extended gradually along weslern side but after that,
the extension wos reduced 2010 to 2012 listed in Table 5.1 and shown in Figure 5.4. The
reason for the variation of lateral extension was differ for bar-1 and har-2. In casc of
sandbar-1, the western side revetment structure (Sirajganj Hardpeint) inede obstruction
to extend the bar and divert the Mow to crode the west part of sandbar-1. And for
sandbar-2, due to upstream revetment the bar could not manage enough sediment 10
cxtend at that section. Rather it washed away and deposited sediment downstrcam of the
sandbar-2. Also the rate of extension of sandbar-1 was higher than sandbar-2, resulling
sapdbar-1 had got upstream sediment but Sirajganj Hardpoint constrained the bank

crosion and sedimeni availability of sandbar-2.

The maximum [ateral ranslation of sandbar-1 was occurred during 2007 and 2008 which
was just upstream of the upstream termination of Sirajgan] Hardpoint. In 2009 and 2019
bar was translated downstream {rom the vppstream termination which caused damages of
the hardpoint downsteam from the termination. The west ward translation of the
sandbar-1 diverted the Tlow towards the |lardpoint structure and cansed undermining and
damages during different years. Due to the position of sandbar-2 in 2007 a very narow
charmel (100 to 15Mn} was [Mowing through between Sirajganj Hardpoini to
Bangabandhu Bridge Guide Bundh, Due io latcral translation, flow was diveried by the
* sandbar-2 extreme west point towards the bank and by croding the bank, the bend

consequently developed. i

Table 5.1: Changes in lateral transfation of the sandbars

Year Sandbar-1 in {m) Sandbar-2 in (m}
2007 1540 130
2008 1690 910
2009 1870 1060
2010 1360 560
2011 1100 720
2012 300 6H80
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Figure 5.4: Lateral trapslation of the sandbar-1 and sandbar-2,

514 Longitudinal translation

Sandbars are also moving towards longitudinal direction. Longitudinal movement is
measured as a distance travelled by the upstream end of the bar towards the downstrcam
direction in the consecutive years. The longitudinal translation of sandbar-i and sandbar-
2 during 2007-2012 is listed in Table 5.2 and shown in Figure 3.5. During 2007 to 2012,
sandbar-1 translated 150 to 600 meter per year and sandbar-2 moved 300 to 1400 meter
per year. The rate of movement of sandbar-2 is higher than that of sandbar-1 beeause
sandbar-1 was obstrucied by the reveiment structure as well sapdbar-2 could move
downstream without facing any obstacle. In 2010 and 2012, sandbar-2 diveried flow
wowards downstream bend and caunsed huge erosion at the downstream part of the bend.

As a whole, due to the translation of sandbars along downstream, Mows were diveried

towards the bank and caused bank erosion.

Talle 5.2: Changes in longitudinal translation of the sandbars

Y car Longitudinal translation of | Longitudinal translation of
sangdbar-1 in (m) sandbar-2 in {m)

2007 Q {

2008 650 1400

2008 300 1804

2010 1300 2200

2011 1930 2500

2012 21040 3500
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Figure 5.5: Longitudina! translation of ihe sandbar-1 and sandber-2.

Semmary results from satellite image analysis: Satellite image analysis (Figure 5.1
and Figure 5.2) indicates ihat the flow processes and the location ol active bank erosion
signilicantly changes due to changes in the large scale sand bar movement {(both laterally
and longitudinally). Bar dynamics arc related to the morphological behavior of rivers. In
particular cases bar dynamics are also related to the bank crosion processes and the
prevailing trends of Mlow processes of rivers. The magnitude and direction of near bank
fiow ot bends accelerale the erosion processes. The near bank flow process is governcd
by the dry season and to some extent al the beginning of the rising siage. The large scale
hed fealurcs such as sund bars are the major Mlow gniding factor owards bank line and
channef shifiing. Due Lo translation of sandbars along downsweam (Figure 3.3, Figure
5.4 and Figure 5.5), flow was diverted towards the bank and caused bank crosion. The
channel is developing very fast along the western bank of the Jamuna River,

52  Croas sections comparison

Most of ihe rivers of Bangladesh demonstraic a high and a low water period
synchronizing with the monsoon and the dry seasons respectively. Streamns are very
broadly classitied as meandcring, straight/iransitional and braided. Hraided and
meandering palterns represent exiremes in a continuum of channel patterns. The
planform geometry of a siream js determined by the interaction of numerous variables
and one should anticipate observing a complete mnge of channel patierns in most tiver

systemns. Bathymetric dala were collected from BWDD in ¢omnection with Pilot Capital
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Dredging Project withint 2010 to 2013. The location map around the study area is shown
in (Figure 3.1). The bathymetric data were plotted 6 (six) locations within the study
reach to see the changing pattern of bed level elevalion. The cross-section comparisons

around the study area are shown in {Iigure 5.6 to Figure 3.11).
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Figure 5.6: Cross-sections of Jamuna river at upstream of Sirajganj Hardpoint.
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Figure 5.7: Cross-sections of Jamuna River near Sirajganj Hardpoinl

39




AL [mPWD]

Cross-Sectlon of dredped chaonel at Chaioage 7.4 Km

— — Der 20HF ——— Zeg 2H]  reeress Smp 2012 ———fep }13 ——Dedpobal lovel
15.00 i |
1000 1 -, i = W
5.0 ! i : Ja-cf . *_"fq'lul,.
T e g "=
l | " 1 T LY -“‘VJ \ 'U \$\\
Ly - iy o —
PRl - e —:E-“Qe [t Cmpefi S
343 \>\\ fLSEp-Zﬂlz | —
1
540 Sen011 |
/ rf eé- 2010 ]
-10h00 —_
[ Design bed lewal
-15.00 |

471800 47IXT

472H00 473300 470 AT4300 474B00 475300 475800 476300 476800 477500
Easdnz [m]

Figure 5.8: Cross-scetions of Jamuna River along dredge channel.
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Figure 5.11: Cross-sections of Jamuna River near downstream of Bangabandhu Bridye.
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Snmmary resufts from cross-section comparison: Crosg-scetion data Las been plobied
al wix locanions, shown in (Ipere 5.6 to Tigure 30113 from upstream of Sira)zan)
Hardpount o downstream of Dangabandhu Bodge near Dhaleswart olflake These cross-
seetion data which s ploned is from the year 2010 w0 2013, because pilat capital
dredging was implemented on 2011-2012, Tigure 5.0 and Figure 57 roprosenls.
msignificant impaset of dredging is ohserved al upsircam of Sirajganj Hardpoint as well
ag the Sirgganj Mardpaint area. Figure 5.7 also represent, a minar rate of sedimentalion
15 ohserved around Sirajpany Hardpoint area during implementsuon ol dredgng, At that
tirne, the scour depth at Sirgjgony Hardpoint was reduced up to maximum 5m- Howcewver,
it seems that dredpng would help to reduce scour depth around Banpabandhu Bridge

auide bundh and it would provide salcty (0 the gude bundh for a very short periad.

The ahserved data were analysed and evaluated lnitially Lhe {low was diverted w the
dredped channel about 12.50% (source: IWM, 2013). Figure 5.8 represent, after eme year
ol monsean Qooding, it is quite difficull w lrace the dredged channel, It ias been found
that the dredged chamnel silied up to 60%-E(%. [ also appear that  the siltaion rate is
higher, where the dredging alignment passing through the char, Figwe 59 and Figure
5.10 reprosents the changing bed prohle of the Fast Gwde Bundh and West Cnude
Bundh. In the vicinity of East Guide Bundh of Bangabandbu Bridge, it has been [ound
thal. the siltalion rate is highar near bank channel, whereas a new channcl has been

propagated at 1 ki wesl of the bundh by croding e existing low char,

The cumulative backAll percentage was found 1o be around 28% fiom downstream aof
Bangabandhu Bndpge © Dhaleswart offtake (Sowree: TWM, 2013) Tigue 510
represents, insignificant positive impact of dredging is found at [/5 of Bangabandhu
Gridee near Dhaleswan Offtake. bocause dudng implemenaton of dredging we cannot
change the upstieam river momhology as well as the hydraulic condition of the diedaed

channel.
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5.3 Analyses of sediment concentration and depth average velocity
5.3.1 Eackpround of the analysis

Braded rivers are stromgly mluenced by high sediment delivery from nearby sources
eoupled with lower sediment transport capacily duc (o hydraulic condiions (primarily
sentle slopes). They are sensiuve o changes in their flead regime or sediment in(lux and
can eompletcly modify their geometry over a fow decades {Ferguson, 1993}, Common
braded river adjustments to changing environmental conditions Lypically melude both
narrowing and widcning Moreover, nvers can shift from other planforms o a hraided
pattern when hunan activitics accelcrate sediment delivery processes, Al lhe same me,
clumatic conditions and human inlluences that reduce sediment production can have the
opposite effect with braiding slowly diminishing through time, Thus the dynamic natare
ol braided rvers makes it difficult for societies 1o both predicl the dueetion of then
cvelulion and aiatain nearby and associated infmstrocure, Braided channels are rarels
in a steady siate and are indicative of a valley bottom sull actively underpoing
constuction. In undeveloped floodplain argas, braided rivers are consdered part ol the
natural covironment and are tvpically preserved bocause of reir associaled ecologcal
tichness. However, when permanent infrastructure is buill i such acuve loodplams

many prohlems can occur.

Riverbank crosion is ane of the most unpredictable and crineal tvpe ol disusters (hag
takes into account the guantity of rainfall, soii structure, river morphology, lopography ol
river and adjacent areas and [Toods. The dyname chamcter of the braded channeted
river and the failure of structural measures, the sulfenngs of the people continue Long-
Llermn policies and strategies should br taken 1o cope up with bank crasion talang
account the social and instiluional adjustment measurcs, Spanal vaciaton of sedunem
transporl i an alluvial sand-hed river bend needs 10 be undersiood with fts muencimg
[actors such as bank crasion, secondary corrent formation, land spur and bed-material
characteristics I[n this study, dotaded hydrographie surveys wilth Acoustic Doppler
Current Profiler (ADCP) were condueted at @ {nine} locations o measure susponded
load, velooity, bathvmetric profile and characteristics of the bed material Using the
above patemoters. the spatial and tempoal vanation of erasion or deposihon processes

has been assessed. With dee end of discussed below (FAP 24, 1994),
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A number of prediction methods are avallable for predicting the chanpes of the vanous
morphological conditions  In this study two prediction methads are using [or eshimaling

the crosion and depositon praocesses on river bed. These methods are classified hy:

5.32 Mrihod-1 (depih-velocity relationship)

The erosion and deposition processes on the nver bed ean be described by the two
dimensional continuity equation changes in sedimenl concentration. as # was obscrved
that the adaptanon of the suspended scdimerd transport plays an important rele in
changing the bed topography To predict the location of erosion and deposition on the
river bed a mamber of measurements during the year 2012 survey are used lor cstimaling
the depth average velocity and water depih (FAP 24, [996). During 2012 survoy ADCP
was used [or pumber of river reaches hence both parameiers are available. Insiead of a
hnear relation belween the water depth and the velocily, for the Jamuna River the
relanon between velocity and squarme root of the depth yields a pood demarcauen boe

between the crosion deposition areas.

The observed erosion and deposition inelation to depth and velocily 13 the result of a
combnation of dilferent processes and is in principle based on physical laws, One
probable cxplanation for getiing this type of rclation 1s that the involved process is an
adaplaliom process The bed wpogruphy (cruss-scotion) is relating behind the flow
pattern. It is trying 10 adjust lo changing conditions [low by croding and deposiimyg on
riverbed, ‘Fhe prediction method for crosion and deposition represented by the [ollowing

CouENons:

Lrosion TR B L R R {3.1
Transtiom: v i— 135 €1 €y R — 1BF m--mm e {52}
Deposition: € 4 = LB5 e cuamm e e a e (5.3

Where, h = water depth in meter and 1 — depth average velocily in mfsec. Transition is

delined as crosionddepositon < 1.0m.

This short temm prediclion method can be applicd for assisting n (he mamlamng the
dredging ahgnment in the Jamuna River. a3 1l can give mdieations where dredping might

be elfcctive. The shar term prediction can be uselul for cstimanng the requirement ol
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dredging and It can assisi in making decision as lo the best location and alignment of
dredging work. The net erosion and net deposilion in downstream direction can be
rclated to the average velocity and average depth over ihe cross-section. The localion
map for dam collection and analysis of ficld measured dala has been summarized in

I'able 5.3 and explained lhrough Figure 5.12 ~ Fipure 5.21.
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Figure 5.12: Map showing the sediment conceniration and vclocity measurement
locations of Jamuna River around the study arca.
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Tuble 5.3: Depth of water and depth average velocity at different dales around the study

darcdd,
Sample Tocation Date “[f)ail;trh{ig Sqﬂtjg}mth E;ﬂg; ;ME;E:,EL;
26-Apr-12 12.17 15 1.15
S-Jun-12 16 35 4.4 126
16-Jun-12 850 43 | 210
Wdun-12 | 1736 a2 | 227
26-Jun-12 16 75 4.1 23]
0 Jul-12 13,80 43 240
Surajgan W-Jul-12 20.93 a6 153
[H]:‘r“;lf’;‘u’:; E?z} i2-Sep-12 12.00 33 RE
37-Sep-12 14.30 38 1.78
9-Oct-12 12.50 3.5 189 |
9-Oct-12 750 27 7,28
9-0u1-12 1134 34 225
21-Oct-12 13.00 3.6 0.54.
21 -Nov-12 9.50 3.1 R
21-Dee-12 15 63 4.0 {31
26-Apr-12 5.87 24 0.19
| S-Jue-12 5,29 23 123
1fJun-12 5.{H) 2.2 1.44
20-Jun-12 4 36 21 1,87
26-Jun-12 550 2.4 196
o2 | 700 26 1A
9_Jub-12 9.50 31 1.5%
Ssraigan, 17-Jul-12 7.6 28 1 68
Hardpoint 113 17-Tal-12 10.15 3.2 1.35
(Rel 1%pure $12) | 24112 12.86 3.6 1.%5
30-Tul-12 11.80 54 142
12-5cp-12 £.50 29 128
27 Scp-12 10 20 32 183 |
9-Oct-12 7.50 2.7 7.28
21-Oct-12 7.56 2.7 153
21-Nov-12 4.0} 2.0 055
21-Dec-12 3.70 | 9 1 26
R T i1 79 2.2 NS
o 050612 5 0% 24 278
16-06-12 4,50 2.1 252
Dredged channed 16-06-12 510 23 139
RE 20-06-12 £ 00 74 786
(Ref Figure 5.12) 20-06-12 fi 50 25 261
27-06-12 10.00 12 2.25
27-06-12 7 50 27 377
09-07-12 50 | 23 | iee
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Sample location Dale ‘Lﬁith(rig Sqnﬁn?jﬁp th ?;Eﬂ;?g;i%?
1707-12 6.53 26 1.13
17.4017-12 513 23 2.50)
27409-12 411 20 1.25
09-10-12 6.0 7 4 1.93
21-10-12 4.27 21 0.52
26-04-12 9.43 3.1 1.77
26-04-12 11.63 14 137
26-04-12 10.60 1.3 163
24-07-12 Y 64 31 1.54
12-09-12 10.80 3.3 210
Dredged channel 12-09-12 2 50 2.9 150
(Ret F;’W 512y | 210912 9.56 31 171
09-10-12 10 00 3.2 166
21-10-i2 g7 3.1 1R
21-11-12 6.20 2.5 1.03 |
21-11-12 3.80 1.9 .77
21-12-12 529 73 032
21-12-12 1.62 io 0,67
1 6-016-12 5.66 2.4 255
16-06-12 §.22 1.9 170
20-06-12 5,90 2.4 2,601
27-06-12 6.3} 29 104 i
27-06-12 850} 2.9 1 38 !
3-07-12 12,66 36 1.8 |
3(-07-12 17 04 4] 153 |
JMB US right 17-07-12 6.17 2.5 1.99 |'
channel RI3 24-07-12 9,74 31 176
(Hcf. Figure 5 12) 20712 13.43 37 143
12-09-12 9.50) 31 1.30
27.00-12 7.50 2.7 137
19.10-12 1170 14 1.2
21-10-12 $ 03 10 1.70
21-11-12 6.50 25 0.53
21-11-12 340 1% 37
21-12.12 502 2.2 0.67
21-1212 5 63 29 0.60
26-04-12 8.76 29 0.34
26-04-12 957 3l 0,34
”*l“ ”5] Flig];“ {15-06-12 6.4% 2.5 0.5l
(113‘1'. ]a"'?:":rc.’i.lﬁ} 05-06-12 350 29 171
16-06-12 10,64 33 204
16-06-12 11,44 3.4 1,08
2006-12 062 31 142
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; Depth of Sart Depth Depth average
Sample location Crate w::Ier {m) q {mfp ve]i ity _'[JE{E*:} _
20-06-12 1005 32 2.55
27-016a12 £.80) 26 745 |
27-06-12 7.70 78 252 |
27012 5.00 2.2 265 |
09-07-] 2 7.00 2.6 2 R7 |
09-07-12 14100 3.2 2 54
1707412 11.59 34 190
24-07-12 1458 3.8 148
30-07-12 12.9¢ 3.6 071 i
12-00-12 4.00 2.4 072 _
27-09-12 13,20 3.6 2 01
09-10-12 4.00 2.4 1.42
21-10-12 3.26 18 0.80
05-06-12 7,30} 2.7 1.71
16-06-12 4,50 2.1 1.73
20-06-12 200 28 1 61
28-06-12 7.50 2.7 1.62
28-06-12 9,30 3.0 224
IMB DS left 09-07.12 §.54 2.9 198 |
charnel A 17-07-12 8.77 3.4 2,81
{Ref, Fgure 5 12) 24-07-12 12.50 3.3 287
30-07-12 5.00 2.8 {89 |
12-009-132 14 0} 3.7 1.4
27-09-12 16.00 4.0 .62
09-10-12 15.20 39 170
TE-10-12 14.71 3.8 1.29
21-12-12 4.62 2.1 | 036
26-04-172 1136 34 18t
05-06-12 11.60 3.4 1.76
05-06-12 .00 34 1.22
16-06-12 %53 3.1 1.13
20-06-12 13.80 3.7 220
28-06-12 590 2.4 1.30
chunnel 1.3 [7-057-12 . 2.2 1.34
(Ref. Figare 5 12} 24-07-12 8.51 24 293
3G-07-12 5.00 2R 183
12-09-12 3 40 1.8 [T
2701912 320 1.8 1.33
0610212 4,60 21 1.55
31-10-12 735 27 087
21-11-12 & 40 2.9 30
21-12-12 7.94 23 {1 40
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Figure 5.13: Lroston and deposition on the rverbed at Sirajganj Hardpeint right bank of
Jamuna in period April, 2012 1o January, 2013.
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Figure 5.14: Erosion and deposition on the overbed at Sirajganj Hardpoini lefi bank of
Jomuna River in period April, 2012 to January, 2013.
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{3) Dredged Channel Right Bank
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Figure 5.15: Erosion and deposition on the riverbed at dredged channel nght bank of
Jarmuna River in period May to November, 2012,
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Figure 5.16: Crosion and deposition on the riverbed at dredged channel lefl bank of
jamuna River in period April, 2012 to January, 2013,
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{5) Jamuna Bridge U/fS Right Channel Center
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Figure 5.17: Erosion and deposition on ihe riverbed at Bangabandhu Bridge right

channel cenler of Jamuma River in period June-August, 2012,
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Figure 5.18: Erosion and deposition on the riverbed at Dangabandhu Bridge DVS right
channe] right bank of Jamuna River in period June, 2012 to January, 2013,
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{#} Jamuna Bridge D/S Aightl Channel Left Bank
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Figure 5.19: Frosion and deposition on the riverbed at Bangabhandhu Bridge D/S right
channel left bank of Jamuna River in period April-November, 2012,
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Figure 5.20: Erosion and deposition on the riverbed at Bangabandhu Bridge VS left
channel right bank of JTarmuna River in period May, 2012 10 January, 2013.
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i {9} jamuna Bridge D/ Left Channel Left Bank
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Figure 5.21: krosion and deposition on the riverbed at Bangabandhu Bridge D/S left
channe! lcf bank of Jamusta River in period April, 2012 to January, 2013,

Ohservation form method I (depth-velocity relationship) represented by:

» Figure 5.13 and Figure 5.14 shows the erosion and deposition on Sirajganj
1lardpoint right hank and feft hank of Jamuna River. Figure 5.13 represents that the
right bank of Sirajpan] Hardpoint is Favorable for sedimentation on the same time
Figure 5.14 represents that the lefl bank is favorable for erosion. It is happening due
{0 the position of sandbars at upstream of Sirajganj Hardpoint.

¥ Figure 5.15 indicates the erosion at the dredped channel right bank, on the same
time Figurc 5.16 indicates; there is no change at dredged channel lefi bank. [t is
happening, because the dredging alignment passing through the high char at that

location.

¥ Figure 5.17 indicates erosion at the right channe! of the upstream of Banpabandhn
Bridge in the monsoon but in dry scason it indicates deposition. It is happening,
because at the upstream of Bangabandhu Bridge the main llow of Jamuna River

passing through this channel in monsoon,

L)



% Figure 5.18 1epresents. most of the time he Bangabandhu Bridge /8 nghl channci
right bank 1ndicates deposiuon, on the same ume Figure 5,19 represents. most of the
time the Bangabandhu Bridge D/S nght channel left bank indicales erosion At the
downstream of Pangabandho Bridge the river 18 bifurcating by right channel and 1elt

channel. [t 15 happening due to prescace of high char at lelt side of the right channel

Figure 5.20 represents, most of the time the Bangabandhu Bridge /8 lefl channcl

n?

right bank indicatcs erosion i monseen and deposition t dry season, on the same
hme Figare 5.21 represents, most of the tune he Bangabandhu Bridge DVS lcft
channel Jeft hank indicates crosion but few time 11s indicates deposivon. I is
happening beganse the maximum discharge in monscon passmyr throuph this
channe!l and sandbar presence al the fght side of left channel at the downstream ol

Dangabandhu Bridge.

5.3.3 Method-TT (Depth-velocity & sediment concentration relationship)

To bemer undersland he sediment ansporl processcs in the river, nine poinls arc
selected at four lacations in the Jamuea River from Sirajgan Hardpoint to downsiream
of Dangabandhu TBridge near Dhaleswari Offtake. The predicted concentration
corresponds o the sediment transporl capacily using a scdiment transpart predictor
speetally developed for the Jumuna Rrver, In estimating the sedmient concentmlion
instead of using the parameter U, the depih avermage velocity 15 replaced by using Chesy's

relation and the modiicd relation reads as:

a0 f

3 1 +3 et
PrIEYAE I L

i—-& \lll

Whert. ¢ = depth-average concentralion, Assuming & = 1,65, C =70 m” 45 and Dsn - 0.2

mm. The fxllowing equation can be expressed as.

T4h

= ng .
o= 10324 y -

In which c is expressed as mg/l.

It 5 mentiened here that the roughness beight for bed fom not only depends on the

kedforms height, but also very much depends on the shape of the hedfonm This
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observation contradicls with the nhservation Lukanda et al {1992) and Klaassen et al
{1988). Tn estimate the average roughness and sediment lranspost, the eflcet ol the
bedform during the high flow may not be relevant, but for parteular locations il might
have some mnllucnce in contnbubing the local roughness as well as 1o the scdiment
transpori. ITere it should be mentioned that apart from the high sediment conceits ation,
there are some location where the bedform arc also prominent. More detailed
information on the shape, height and length of the dune and alse aboul the flow may
enable 1o clugidate the influcnee of bedforms on the sediment transpert. The location
map for dala collccton and analysis of field measured data has been summarized in

I'able 3.4 and shown in Figure 5.12, Figure 5.22 ~ Figure 5 30 respectively.

Table 5.4: Depth of water aclual sediment concentration and predicled sediment
concenlration at different dates around the study area

Sample location Dace Nepth Actual sediment Predicted Isedlmcnlt
fm) concentration (mg) | concentration {mpil}
W-Apr-12 | 12.17 St 121
5-Jun-12 1633 206 113
16-Jun-12 18.50 219 382
20-0un-1? | 1736 533 450
26-Tun-12 16.75 258 540)
Sir;jgmtljl{éﬂrd o-Jul-12 18.80 578 531
et E:Emm 5 12y | 30-Tuk12 241,93 797 144
12-8ep-12 | 12.00 408 117
27-8ep]2 | 14.30 1114 322 -
9-Oct-12 12.50 549 423
21012 | 11.34 520 739
21Nov-12 | 13.00 30 T:
21 Dec12 | 1563 T 5
26-Apr-12 5.87 132 T
5-Jun-12 5.29 255 329
16-Tun-12 5 00 463 529
20-hun-12 as6 | 87 1146
26-tun-12 S BD 378 4
Slfgisﬂﬂjrf}f; ard | g pyla2 7 00 527 427
(Ref l‘jl;m sz LSl 9,50 532 563
17-Tui-12 7 66 909 512
17-Iuk12 10.15 43] w0
24-Jui-i2 1286 308 393
30-Tul-12 11.80 615 215 1
| 12-Sep-12 §.50 404 | i
) | 27-Sep-12 | 10.20 623 A30) [
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Sample location Date Depth Actual sl_bdiment Predicted _sﬂdlmcm
_m) concentration (mg'l} | concentration {mg/1) |
T 012 7.50 476 1166
21-Oct-12 7.56 552 408
21-Nov-12 4.00 103 54
21-Dec-12 4,79 69 &0
05-06-12 .96 166 7452
16-06-172 4 50 373 2524
16-06-12 530 413 1850
20-06-12 £ 50 540 1906
Dredged Channel | 27-06-12 10 00 439 839 .
R13 27-06-12 7.50 4413 1932
{Ref, Vigare 512} | 0g07-12 5.50 503 430
] 7-057-12 6.53 759 217
| 7-07-12 5.13 863 2171
_27-09-12 411 1267 44
09-10-12 6.00 749 y43
21-10-12 4,27 631 44
260412 11.63 491 200
24-07-12 9 64 467 324
Dredged 12.00-12 L{LE( 347 635
Channel LB 27-09-12 9 54 1346 435
(Ref Figure 512} | po-)(-12 14.00 797 182
21-10-12 9 74 589 467
21-11-12 6,20 117 179
21-§2-12 5729 106 36
16-06-12 5.66 457 2061
famuns U'S 16-06-12 §22 241 192
Righl channel 20-06-12 5,90 500 2079 |
center 27-06-12 &30 501 2930
(Rel. Figure S12) | 37,0612 3.50 266 277
30-07-12 12 66 671 410 |
3 30-07-12 17.04 401 180
1740712 6.17 552 Tonp
240712 970 719 460 e
300712 13 43 717 216
Larana VS 12-0%-12 9 50} 231 712
Right Channel 27-43-12 1.50 1062 311
kB 19-10-12 11.70 442 170
(Ref. Migure S.12) [ 2)1.10-12 %93 276 456
71-11-12 650 6 0
21-11-12 340 123 23
21-12.12 502 63 R
21-12-12 8.63 92 32
Jamuna 1375 I E 057 1773 f




q " Diepth Artual sedinent Predueted sedument
Sample locanon Diate
fm) concentration (myel) | concencration (mafl)
lﬁghll‘ig-armel 05-06-12 5.49 142 T e
o {15.06-12 8.50) 260 484 |
(Ref Thgure 3 12) 77 0612 | 10.69 442 609 |
16-06-12 11.44 340 527 |
2006-12 9,62 509 265 ]
20-06-12 10.06 667 1156 |
27-06-12 6.80 636 1554 I
270612 500 575 7573 |
09-07-12 7.00 518 2276
09-07-12 10.00 456 1159
17-07-12 11.59 1114 47
24-07-12 14.5% 194 3od
30-07-12 1290 | 254 33
§12-09-12 400 357 108
270912 11,20 1455 477 Bl
9-10-12 4.00 578 a3
21-10-12 1.26 413 174
05-06-12 7.30 136 _ 568
16-06-12 450 647 042
20-06-12 5.00 613 441
28-06-12 7.50 733 1675
28-06-12 a 30 474 894
(s DS Left | 09-07-12 8.54 550 711
Channe) KB 17-07-12 8.77 951 1712
(Rl Fpre 312) | 24,0712 12.50 1076 1264
-07-12 800 674 96
12-09-12 14.00 362 208
370912 16 00 316 25
(09-10-12 V5 20 242 268
21-10-12 14.71 474 134
_ 71-12-12 4.62 15 15
26-04-12 11.36 728 419
(1501612 11 60 343 183
05-06-12 9,00 64 192
160612 953 256 146
Tamapa 1346 Lefl | 20-06-12 13.80 W2 578
Chaonet LD 280612 590 1141 R 14}
(Ref. Tigure 5.12) | (1907-12 10,12 661 42
170712 486 1552 465 -
2447-12 5.51 319 _ls7g
3G-07-12 % 00 907 g
12-09-12 340 495 1)
27-09-12 320 1704 13
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cample locuiion Pate Depth Actual sediment Predicted sediment
Sampie Joe {m) concentration fme/1) | coneentration (mg/l)
0a-10-12 4.60 1041 a46
21-19-12 .32 L o8
21-11-12 £.AD 44 3
21-12-12 754 40 12
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Figure 5.22: Depth, predicted and actual sediment conceniration at Sirgjganj Hardpoint
Right Bank of Jamuna River in period April, 2012 to January, 2013,
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{3} Dredged Channsl Right Bank
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Figure 5.24: Depth, predicted and actual sediment concentration at dredged channcl
right bank of Jamuna River in period May 1o November, 2012
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Figure 5.25: Depth, predicted and actuat sediment concentration al dredged channel lefl

hank of Jamuna River in period Apnl, 2012 (o January, 2013,
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{5} Jamuna Bridge U/5 Right Channel Cerrrer
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Figure 5.26: Depth, predicted and actual sediment voncentration at Hangabandhu Bridge
U/S right channel center of Jamuna River in period June-Auguast, 2012.
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Figure 5.27;: Depth, predicted and actual sediment concentration at Bangabandhu DBridge
I/ right channel right bank of Jamuna River in period Junc, 2012 to January, 2013.
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Figure 5.28: Depth, predicted and aciual sediment concentration gt Bangabandhn Bridge
DS right channel lefi bank of Jamuna River in period April-November, 2012,
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Figare 5.29: Depth, predicted and actual sediment concentration at Bangabandhu Bridge
D/S lefi channel right bank of Jamuna River in period May, 2012 (o January, 2013.
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Figure 5.30: Depth, predicted and actual sediment concentration at Bangabandhu Bridge
D/S left channel le[i bank of Jamuna River in period April, 2012 to January, 2013,

Ohservation from Meihod-1l  (Depth-veloeity & sediment econcentration
rclationship) represented by:

» Figure 5.22 and Figure 5.23 shows that the depth of water and sedimentation
concentration on Sirajganj Mardpoint right bank and Iell bank of Jamuna River. Bath
of the figures represents that the rate of actual sediment concentralion is higher than
the predicted sediment concentration during the anpalyzing pertod. But in the month
of June-July and October-tovember, 2012, the rate of predicted sedimem
concentration is higher than the actual sediment concentration. This scenario has
been compared with the measured cross-section shown in Figure 5.7 It indicates that,
the sedimentation occurs round the year at both bank, hut dering nising and falling

waler level condition river bed or bank erosion may happen.

"_':I'

Fipure 5.24 shows, the rate of actual sediment conceniraiion is higher than the
predicted sediment concentration and Figure 5.25 shows, the actual scdiment
concentration is higher than the predicled scdiment concentration on dredged channel
ripht bank and lefi bank of Jamuna River. In this location the dredging alignment
passing through the high char. It was happing due to Yoosc soil material at the char,

when Tlow was passing through the dredged channel, The right bank of the dredged
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channel was eroded due high Mow velocity and left bank was silted up due to slope
failure of the bank. Due to this condition the size of the dredged channel was
widening but the depth of the channel were decreased which is compared with Lhe

measured cross seciion shown in Figure 5.8.

Figure 5.26 shows; the rate of actual sediment concentration is higher than the
predicted sediment concentration on Bangabandhu Bridge U/S (center of the right
chunne!) in the period of June, 2012. Because the maximum flow were passing
through the channel in monsoon. It indicates that the channel was eroded in ihe
monsoon and in the dry and pre-memsocn and post-monsoon the channel was 5ilted
up al that location, which is compared with the measured cross-section representing

in Figure 5.10.

At the downstream of Bangabandhu Bridge the major flow passing through the lefl
channel. During monsoon it is quite difficult to divide it as left or right channel.
Figure 5.27 and Figure 5.28 shows that most of the time the rate of actual sediment
concenlration is higher than the predicled sediment concenuration on Bangabandhu
Bridge D/S right channel both right and le bank. But in Figure 5.28 represents the
predicted sediment concentration is higher in the period of June, 2012, Both of the
figures indicatc that both bank of the right channel were silted up round the year.
They also indicate (hat the e bank of the right channel may erode anly in monsooln,
this scenarios is compared with the measured cross-section represcnted in Figure
5.1,

Figure 5.29 and Figure 5.3¢ shows that most of the time the raic of actual sediment
concenlzation is higher than the predicted sediment concentration on Bangabandhu
Bridge VS lefl channel right and lefi bank, except in the monsoon. Both of the
figures indicate that both bank of the lefi channel were silled up round the year. They
also indicate thai the both bank of the left channe! may erode only in monsoon, this

sccnarios is compared with the measured cross-section represented in Figure 5.11.

Summary results from sediment concentration and depth average velocity analysis:

The morphological change of the sand-bed braided river like the Jamuna River is a great
challenge for the strucrural stability of river (raining works. This study investigates the
unsteady pattern of river Now as well as variations of river bed elevation and sediment
transport due to the pedod of 2012. It can be observed that most of the overleading area
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is deposited in the period of dry season, 2012, In most of the figure are only shown the
obscrved suspended sediment concentration which is higher than the predicted

concentrations. In natural rivers there are always some uncerlainiies in cstimating the

relevant parameters due to their vanalion in space. It is observed that the llow in the
Jamuna River, especially during the high flow 13 not in equilibrium with the riverbed

topography, but rather is governed by upstrcam conditions and the momentum of the

flow. The resulls from data analysis are swnmarized in Table 5.5:

Table 5.5: Frosion and deposition matrix at ning locations around the study arca using
Method-1 and Methed-1I

Method-l_ Method-11__ |
= [ = = .
Sample Date of g 2 | zH8 |8 ER fRemerIcs
location observation re|eSlesHEaE e |2 e B O field
acd P2 SgrT 2|2 5 2] obscrvation
2% 5 E 54 7] 5 5
- = — =
Sirajgan; April, 2012 to o e
: ; 14 :
Hardpoint RB January, 2013 / ” 20| 60 20 Pepasition
Siragan Apnl. 2012 to - .
Hardpont LB | _lanuary. 2013 56 26_ 18 16 | 36 28_ Deposition
Dredged May to - .

- L& L 13 "
channel RB November, 20132 81 0 69| 2 i Frosion
Dredged April, 2012 to - : N
channel LB Janvary, 2013 23 > 62 8 & ___I"?_ Erosion

Bangabandhu
Bridge U/S | June-August, | e |0 | gg |44 ) 14 | a2 Erosion
right channel 2012
Center
Bangabandhu
Bridge TG Fune. 20132 to ,
. 10 4 43 G ol 3 3 :
right channel Tanuary, 2013 ? > 36 Deposilion
BB
Bangabandhu
! : 1 Ny
!ﬂrldge D/s April-November, 48 26 26 | an | 3g a5 Erosion
right chaanel 2z
S P - S — —
Bangabandhu A
Bridac /S 1, | May 201210 s b4 o0 25| 63 12 Frasion
Januaiy, 2013
| _channel RB o - _ | ]
Bangabandhu
) i
Bridge [VS ek Apsid, 2012 to d4 T8 15 | 1% | 36 25 Dleposition
Janvary, 2013
channel LB

Frum the above Table 5.5 out of 9 siles, the observalion and prediction of erosion or

deposition arc matchng well al 7 sites, while bwo siles (Dredged channel LD and

Bangabandho Bridge IVS right channel LR} are not matching. It happens. because local

hydro morphological parameters {depth, velocily and sediment copcentration ele ) are

very inllucnced by the upstream morph-dynamic processes (sandbar formation,
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translation). Further. the equations used in the above analysis are ope dimensional in
pature, while the local morpho-dynamic proccsses that is very much dependent en the
upstream morphology is three dimensional in nature {Uddin, 2010). Tu explain the above

issues with confidence further thrce dimensional analysis 15 vequired.
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CHAPTER 51X
CONCLUSION AND RECOMMENDATIONS

6.1 Conelusion

River channels tend o a dynamic equilihtium driven by the dynamics of discharge of
water and sediment transport. Different niver training works, upsttcam interventions
increasingly change the natural drivers of the channel morphology. The major findings

of this smdy are:

a« Due to translation of sandbars alony downstream, flow were diveried towards the
bank and causcd bank erosion. The channel is developing very fast along the

western bank ol the Jamuna River and crode the river bank.

+ Satcllite image analysis indicates that the {low processes and the location of active
bank crosion changes significantly duc to changes in larpe scale sand bar movemnent

{both laterally and longitudinally).

s Cross-section comparison indicates that the channel near Sirajgan; Hardpoint shift
towards East. The existing channel near Sirajganj Hardpoint is silted up within very
few days after dredging. It is also obscrved that aller | year of monscon looding

the impact of dredging is very minor around the study area

« Analysis of observed data indicates that, during May-Scptember, 2012 the depth
average velocity near the Sirajganj Hardpoint area exceeds 1.75 mfs und

consequently during the above peried sedimention did not occur.

» There is po significant impact of dredging has obscrved near Hardpoinl as well as
the downstreamn of Danghabhandhu Dridge. It s also obscrved that the rate of
siltation is higher. where the dredging alignment passing through the cxisting char.
1t was happening, because we cannot change the hydraulic condition around the
dredged area as well as upstream niver morphology. 1L seems that the dredge channe]

mpay silt up within a very short period.

e From the analysis of sediment concentralion and depth average velocily, it is
observed that sediment concentration plays an imporlant role in the erosion or
deposition processes from upstream of Sirajgani Hardpoint to downstream of

Jamuna Bridge near Dhaleswari Offlake.
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s The major finding of this study is that the dredging of a braided river would not be a
sustainable sofution wihowt changing upstream river morphology as well as
hvdraulic cenditions. It is alsu observed that, if the dredping alignment passes
through the cxisting channel not over the char arca. the dredged channel weould be

more sustaimabie.

e In this study, onc dimensional morphological equations has been used 10 predict
evosion/deposilion process, In natural nvers there are always some uncertainiies n
estimating the relevant parameters duc to their variation in space/time using one
dimentional cqualions. Three dimensional analysis may prov wle  better

understanding on the above 13snes.

6.2 Recommendations

‘Fhe rivers of Dangladesh facing large flow fluctuations between the high water period
in the June-October period and low water period during the rest of the vear. The
analvsis ol this study has been done for a very shom pericd. [t is recommended that

further study is needed considering:

« The flow patiern changes with changing flow regime which may vary from
locauon to location. Therefore, long term monitoring on the behavior of the
crosion and sedimentation processcs at the study bend need to be explored for

future development

+ Bar dynamics arc related to the morphologic behavior as bank crosion and flow
processes of the rivers. To undersiand the dynamics of the upstrcam river
roorphology such as movement of large scale sand bars. a time serics satellite

image based analysis 1s cssential.

e To asscss the morphological behavior of  a mver, two  dimentional
morphological modet is mendatory. It is also suggesied that, in comprehensive
river management plan, furlher roscarch s required for Tuturc dredging

reguiremend of the country.
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