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lJ! the symbols 1n

NOTATIONS

This table presents the definitions

Q tidal discharge

Co celerity
E tidal excursion

A' surface area between any two adjacent depth contours
b mean water surface width

A crosB-sectional area of a channel

QR residual discharge
S water surface slope

common use 1n this project. When other symbols' have been used
they are def1ned in the test.

g acceleration due to gravity
h eievation of water surface with respect to horizontal datum
n roughness coefficient,

v average tidaJ.velocity
t.. x length between longitudinal segments of the estuary
Y water depth
Y' contour depth from mean tide level.
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CHAPTER - 1

I NTRODU<Y.rIOIf

1.1 General:

Tidal characteristics of delta are mainly dependent on

topographical feature, freshwater now from upland and tidal
entrance

variation at the e~tuary ~~nformation on tidal characteristics

are vi tal in the planning and des~ of water development projects.
and

Anumber of irrigation, flood control, drainage/navigation pro-

jects are in the execution stage in the MeghnaDelta. SeTeral

more project are in the planning stage. Hence study on tidal

characteristics of the MeghnaDelta lfillbe usefUl in the planning

and design of future projects.

Tides' in the oceanil.nd seas is the result. of gravitational

pUll of the moon, the sun and the plannets and . of. the local

meteorological disturbances. Fluctuation of sea level at the

mouth of .an estuary 'causes tides in -the estuary. The tides. in

the Meghnaestuary originates in the Indian Ocean. It travels

through the Bay of Bengal and finally arrives at the estusry

mouth. In the MeghnaDelta (Fig.1.1) the main channel divides

into a number of diStril:iu~ries: aM it, has three main ocean out-

fans namely Shahabaipur channel, Hatiya channel and TetUlia

chamLel. The main flow carrying channel is the Shahabazpur

channel to the east of lhola Island. The freshwater discharge

mainly comes from the river Padmaand the Meghna. Bework type
I

geometry fed with large freshwater flow during monsoonwhile

small flow during dry season makes the tidal characteristics

of the MeghnaDelta unique.
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1.2 Objective:
In order to etudy the tidal characteristics of a

complexriver network like the MeghnaDelta, topographical

and hydraulic data are needed COTeringa long period of time.

Unfortunately, data available from the study area is very

limited. Further, the available records are not continuous.

After painstaking scrutiny, continuous hYdraulic data for

the periods 7th April '77 to 18th April '77 and 12th April

'79 to 26th April '79 were obtained. The objective of this

project is to study the tidal characteristics of the Meghna

Delta using those data.

\



THEORY

CHA1'TRR - 2

Flood tide: The landwardtidal flow during rising stage iB

knownas flood tide.

2.2 Terminologies:
several terminologies are used in the tidal hydraulics.

SOIDe of them are described belCIII:

Theamplitude of tidal wave progressing upstream is

influenced by the complexity of the estuarine geometry. Slow

convergenceof the estuarine geometrymaytend to increase the

tidal amplitude whUe rapid convergencE;.islilfelY to produce

continuous.reflection. from side walls and__frictional dissipation

of energy,fromthe boundary.eventuall.yileadingcto, eonsiderable .

attenuation of the amplitude with the progress of the wave

. upland. Freshwater inflow and lateral run-off as well as

frictional resistance cause the BYlIIIletricaltide of the open

Beato becomeasymmetricalwith the progress of tide upstream.

2.1 Tides in estuaries:
R1.seand fall of sea level at the entrance of an estuary

causes surface gradients which results in the propagation of

gravity waves into the estuary(2). The rate of propagation depends'

pr1maril1 on the depth of water and, in consequence,onthe tidal

range at the mouth.
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Meantide level: The average of the highwater and low water

is called the mean tide level.

: The difference between.consequeti ve. high and low

water levels -at a _section -1:s-the range at that

section.

Neap tide : Neap tides are the lowest range tides occurri~wice

each month when the sun-earth moonangle is 90°.

In Bangladesh this occurs roughly 9 days after full

and newmoon.

Spring tide: Spring-tides are the highest range tides.occurring.

twice each month when the !lUn, earth and moonlie

in a straight line. In lBngladesh thi!l occurs about

two days after full and new moon.

Slack water: Slack water is the temporazy stagnancy of tidal now

occurring at the turning of the tide from flood to

ebb ar ebb to flood. High water slack occurs during

the turning of the tide from flood to ebb whereas

Range

Highwater : The highest level reached by water surface at a

section in one tidal oscillation is called the high

water at that section •

Ebb tide : The !leaward tidal now during falling stage is

knownas ebb tide.

. Lowwater : The lowest level reached by water surface at a

section in one tidal oscillation is called the

low water at that section.
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(2.3)

(2.2)

• ••

• ••

...

•••

•••

• ••

v dt

•••

t2

E = f••. , t1
tidal excursion

average.tidal velocity

tidal discharge

t
1

and ti.time limite

v = mean cross-sectional velocity-

where E =

v = .JL-.
A

wherr V =

\,Q=
A= cross-sectional area

Tidal excursion: Tidal excursion is defined as the distance travell-

ed by a percel of water during the period of the flood

tide •.Using cross-sectional a'f'erage veloel ty , it maybe

estimated by the following formula

l.owvater Bl.ackoccurs during the turning of the

tide from ebb to flood.

Tidal velocity: The velocity with which the water particle moves

is called the tidal velocity. The average tidal velocity

in a section is computed from

Tidal wave vel.ocity:The velocity at which the tidal vave travels

is cal.led the tidal wavevelocity er celerity. It is

given by, .' -. - t
celerity Co:: (iSY) •••

wh~~~,g = accelera~ion due to gravity
y = water depth.

Synodic periods: A synodic .period is the time over which the

tide almost repeats itself. The main synodic periods

are approximately 12t hours, 25 hours, 14 days, 15

days, one month and one year.



- 7 -

ResiduaJ. discharge : Residual diecharge is the average discharge
over a synodic period, preferably a fortnip~t. It

m~ be expressed 'as /

1 rQR = . ( te - t )
Q dt ••• (2.4)

s
ts

where, QR = residual discharge
i Q = tidaJ. discharge
.t
s

= starting time of the synodic period
,te = ending time of' the synodic period.

Tidal pumping: In a network of'tidal rivers, some portion of'
flood tide water entered through one branch may
return through another branch -during-ebb; This
phenomenon is known as tidal pumping. This can
generate -significant residiaJ.:1'lOwe in a looped
system 0:1'channel networke.

2.3 Continuity Equation:

rA oh
at I~ b >\

~,

-,... 11

I

~

I Q+~~ d)(
~

I
~I

••
I h

h

I
I

I I
Datum

LA d)( >i 5ection A-A

Fig. 2.1 Continuity principle applied to flow through a reach.
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(2.5)• •••••+ b

( : 2 ) dx dt + ( : ~ ) dt bdX= 0

Simplifying,

~ax

Since the water is incompressible, the net c.bangein

discharge plue the change in storage Shouldbe zero" that is,

The volumeof water flowing out of the reach is

( :2 )dX dt

where Q is the flow rate.

( ()h ). dt bdx-
~ -

where h is the elevation of water surface withrespect to -hori-

zontalc_datum.,

reaches having length dXbetween .the cross-sections.

If dXis sO small that the. wholewater surface can be

assumedto rise or fall at the samerate, the Tollimeof vater

needed to change the surface level in time dt is

The equation of continuity for unsteady flow 'in tidal

riTers maybe established by considering' the oonserTation of

alLSS in an infinitesimal space betweentwo channel sections

shownin Fi~. 2.1(1'). Let the channel be diTided into short

At a particular instant of time, t, let the meanBIlrface

width oyer the reach be 'b', BIlchthat the plan area of the water

surface is 'bdX'.
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Fig. 2.2 5chemolizotion of a river reach

Integrating the continuity equation 2.5.
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From equation 2.6 considering the cham!tel reach between
sections 1-1 and i, we can write,

Figure 2.2 shovs the plan of a channel portion. Variation
of vater level with time at every section is known. At section
i-1, variation of discharge vith time is known. The dischargErs ..
at various time at the other sections ~. ~+ l' ~+2""" etc ••
are to be computed.

2.4 Method of Cubatures:
Eqn. 2.5 can be used to compute discharges at .variOU8

sections in an estuary if tide level data at every section and
discharge data at one of the boundary section are known. The
method is known as the method of cubature.

Bqn. 2.5 is known as the continuity equation.
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(2.8)

...

...

• ••

•••

...•....

•••

• • •
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- Ahbtu.n

b1
i-1 +

b =

Ah =

The water surface width 'b' changes both with time and

b = average water surface wid.th in the reach

AX = length of the reach = xi - xi_1
Lfh = average change in water level in time interVal .At.

2 2 ~ AhQi - Qi-1 = - 11 Ai'
and hence,

•

the cubature computation beyond a junction, division of flow

amongthe branch end ssctions has to be tieterniine~. Present

Fromequation 2.8, the discharges at section i can be

computedwhen the discharge at section i-1 is known. Using the

computeddischarge at section, i, discharge at the next section,

i+1,c8l1 be computed and so on.

from.

The average change in ..water level in the reach is

computedfrom

with distance. The average water surface width b is computed

where, the I!J\lbscripts indicate section number, the superscripts

indicate time level and

2.5 Computation of flow at a junction:

:aT the method of cubature, the discharge at successive

sections in a branch can be calculated. To be able to continue



(2.11)
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In the second case, ~ from the upstream branch is divi-

ded into two dow~stream branches. A simple method is adopted

here where the steady flow formula is applied. If the time

interval is kept small. application of steady formula to gradually

varied unsteady flow is acceptable.

. (a) Addition

In the1'irst case( Fig. 2.•3a), the discharge ~ can. be

easily -found by--simplyadding the two discharges, 1. e.

Fig.2.1 Division :ot-flow .a\ -a -junction-- _.

study is restricted to a three-way junction. At a threeway

junction either flows QAand QB from two channels oombine to

l/iiTe ~ in the third channel as shown in Fig. 2.3(a), or the

flow ~ from a channel divide into QA and QB into two branches

as shownin Fig. 2.3(b) •

where QA and QB are determined by applying the method of

cubature.
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(2.14)•••

•••

• ••

• • •

•••

•• •

Q = 1.486 b .••.1.67 S-i, n -<I

, ,
, FA

QA = Oe,
E'k + FB

and QB = Oe - QA

sections ..,

. - 12-

rhe water surface width, b, and the depth of flow, ,y,

are known. The water surface slope, S, can be computed from

water level data., Hence QA and QB can be computed from equations. ' '

(2.13) and (2.14). Once the discharges at the 'branch-end sections

are known, the discharges at suce:essive sections can be deter-

mined by the method of cubature.

and QB = K FB

whereF i'and 'FB_"are ,va:luell-ofc?('by~,.,6'LS-i)

sections A and B'respectively.

Ulling Manntng's formula for a rectangular channel

= 1.486 F
n

where' F = by1.67 s-i
y = depth of flow

S = water surface slope

n = roughness coefficient

Asswning similar roughness coefficient for branched

we have



CHAPTER - 3

DATA COLLECTION. A1Q? ANALYS! S

3.1 Description of the project area:

TheMeghnaDelta shownin F18Ure1.1 is the main ocean

outfall of the Gangee-Brahmapo.tra-Megbnariver system. It has

about 712 kmof channel divided into 15 reaches connected

at 8 junctions. It has J ocean outfalls. The largest contribu-

tion of freshwater flow comesfrom the Brahmaputra(6). The main

flow carrying channel is the ghahbazpurchannel to the east of

the Blola Island. The other important flow carrying channels.

are Hatiya channel and Tetulia channel. The Shahabazpurchannel

is also connected .fromthe east by tp.e 9andwipchannel. The tide

is mainly semi-diurnal -in.-charact-er but-there. are strong shallow

water effects which distort .the--shape of the tidal hydrograph

and create a fortnightlyUde.

During the wet season the_(}aIlg~sand-the Brahmaputrarivers

discharge enormousquantities of water whichwith the addition

of local r8.1nfiUl causes :C.oOdingin a large part of the delta.

In the dry season there is a negligible amountof local rainfall

and the low freshwater inflow allowssaline seawater to penetrate

into the upland.

3.2 Collection of data:

For the present study, data needed are the channel dimenaions

throughout the study area, variations of tide level with time at

various locations, measurementsof the freshwater inflow at Goalundo
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lIlairab Bazar,and .Teraghat. Soundingchart s of the rivers have

low compareHo that in 1977. It further showsis significantly

and discharge data are given in Table 3.2 and Table 3.3.

that freshwater flow from the Meghnabasin is negligible compared

to that from the Gangesand the Brahmaputra;basins.-~ 0

the samepericids:Locations ;'. of discharge and water 169'e1gage

stations are shownin Fig. 3.1. The discharge hydrographs are

shownin Fig. 3.2. It is seen that the freshwater discharge in 1979

3.3 Estimating the missing water level data:

In the half hourly water level recordsJsome data were

missing due to the absence of gage reader, unfavourable condition

been collected from Bangladesh Inland Water Tr~sport Authority

(mY.r A) and a list of them is given in the Table 3.1. Half hourly

tide l69'el reC~rdings(3) are collected for 10 stations for the

periodsbetween 12thand 26th April.1977 and 7th ald 18th April,

1977and the source of data is BIwrA.Meandaily discharge

data from non-tidal rivers at GOalundo,lIlairab Bazar and Taraghat

are collected from Bangladesh yater DevelopmentBoard(BWDB)(4)for

of weather etc. To estimate the missing data, water 169'el hydro-

graphs have been plotted using available data and the missing data

have been interpolated graphicaUy as illustrated in the Fig.3.3.

The periods. between 12thaIid 26th April ,of 1979 and 7th and

18th April of 1977 have been taken because-in"theseperiods

silllU1taneous vater' level and discharge data are available for all

gaging stations in the study area. The quality of data is also

better in those periodswhencomparedto other available periods.

'The infoDl&tions about the condition of the selected water level



S1- IU.ver Sheet Year o~ Scale Prepared
No. No. Survey by

1• ShahbazpurChannel E 70 B Jan '70 1/50000 BIWTA

2. fhahbazpur Channel E 27 A Jan '70 1/50000 BIWTA'ro
3. MeghDa/Ganespur E 60 B May '82 1/50000 BIWTAS2
4. Meghna E 60 C Nov '81 a: 1/50000 BIWTAS2 Apr '82
5. Meghna &: Pa dma G; A Apr '77 &: 1/50000 BIWTA

May '77
6. Padma G~ B " 1/50000 BIWTA

7. Padma G~ C ,, 1/50000 BIWTA

8. Padma 01~~ C Apr '78 1/25000 BIWTA

9. Padma/Gangee Confluence 0
1% D May '78 1/25000 BIWTA

10. Padma f1~a B Apr '78 1/25000 BIWTA

11 • Meghna C 32 B " Apr '82 1/25000 'BIWTA~

12. Meghna/Sitalakhya' ._-.- C 32 C ' , Apr '82 ' 1/25000 -'BIWTA-" ~

13. Meghna •
~ A- ,..•Jul '78", , 1/25000 ,.BIWTA '

14. MeghDa '~ B Jul '78 1/25000 BIWTA

15. Meghna S1,~ C Jul '78 1/25000 BIWTA

16. Meghna
~ D Jul '78 1/25000 BIWTA

17. Tetulia to Nalehi ti - 1968-69 1/100000 EPIWTA
18. Shabazpur Channel E 60 A Feb '82 1/50000 BIWTA(South Hatiya to ~ ,

AlDani Baz ar )
19. HatiYa Channel E M B Mar '81 1/50000 BIWTA

(Sandwip to South HatiYa)
, 20. sandwip &: HatiYa Channel

from Chittagong to BD HATIA Nov '82 1/100000 BIWTA
IIatiYa 82 10001

..,
- 15 -

TABLE- 3.1

LIST OF SOUNNNG CHARTS

.,
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TABLE- 3.2

,
CONDITIONOF WATERLEVELDATA

No.of Name of the Source of Condition of data
the gage station data For Apri 1 For April

station

1 Narayanganj BIWTA Irregular Irregular

2 Narsingdi BIWTA Irregular Irregular

3 Chandpur BIWTA Irregular Regular at t
~ hour interval -

4 I1shaghat BIWTA Regular at t Regular at t
hour interval hour interval

5 Chittalkhali BI'irA Regular at t Regular at t
hour interval hour interval

6 Char Madraj BIWTA Irregular

7 ]hul1a BHITA . Regular at t . Regular at t
hour in terval> . hour interval.

8 Daamonia . BIWTA . Regular at t Irregular
hour interval

9 sandwip BIWTA .Regular at t Irregular
hour interval'

10 Char ChSDg& BIWTA Regular at t Irregular
hour interval
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TABLE- 3.3

CONDI'rION OF FRESHWATERDISCHARGEDATA

Name of the Source of Year Condi tion of
station :Dlta data

Goalundo BWDB 1977 Available

Goalundo BWDB 1979 Available

lhairab Bazar BWDB 1977 Estimated from
the rating curve

. ,

lhairab Bazar BWDB 1979 Estimated from
the rating curve

Taraghat BWDB . 1977 Estimated from
the rating curve

Taraghat BWDB 1979 Available
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/
I
I

--~.-Time

F;g.3.3 Estimatlon of mi ssing water level data.

---- - Estimated

stage data were available for those stations. The missing dis-

charge data haYe been estimated by drawlng rating CUl'Yesfor those

stations. The rating curres are shown ;n Fig. 3.4. The errors in

the estbated discharge will have insignificant effect on the

results of this study. This is because the combined discharges

of Meghnaand Ihaieshwarl is very low compared to that of Padma

at Goalundo as can be seen from the Fig. 3.2. A study by IBCO(8 )

showlilthat the discharge of Maghnafalls within standard deviation

of the discharge of the Padma.

3.4 Bstimating the missing discharge data.:

In the period of April 1977, the daily discharge data.

of Goalundo,_and in -'April 197_9,the -daily:discharge __datao'!-: _

GOalundoand Taraghat were available from BWDB.Bltthe discharge

data of-_lhairab ~Bazar and Taraghat, in 'April- 1977""and-that-ofc-

Bhairab Bazar in April 1979 were not available. However-daily
. .
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3.5 Adjustment for datum:

Out of 10 gage stations, water level records at 5 station

were recorded with respect to FWDdatum. The stations were'

Narayangang, Nars1ngdi, Chandpur,Ihulia and Dasmonia. At remain-

ing 5 stations water level.s were recorded with respect to l.ocal

chart datums. But for present study, water level data with respect

to a commondatum is needed and PWDdatum is selected. The relation

between the chart datum and PWDdatum at Ilehaghat and Sandwipare

known. lnt the same are not knownat Charmadraj, Charchanga and

Chittalkhali.

To find out the relationship between the PWDand chart datum

at the 3 stations, meantide levels, with respect to chart datums

are plotted against distance along Hatiya channel-Lower Meghna,

Shahbazpur~LowerMeghnaand Tetul.ia-Ganespur-Lower Meghna-as"shown

in the Fig. 3.5.. Similar curYeswerealso drawn using available

meantide levels with respect to-PWDdatum._,Thenthe vertical

difference between the two curves gives the adjustment necessary

in vater level records at a ga~e~tation. This process is illust-

rated in the Fig. 3.5.

It is seen from the figure that the meanlevel at Ihulia

is significantly deviated from meanlevel curve although the records

were mentioned to be with respect to PWDdatum. In the present study

the datum of that station was also adjusted.
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3.6 schematlzatlon:

In a one dimensional finite difference formulation it is

necessary to divide the estuary into a discrete numberof 1ongi-

tudinal segments and to assign representative geometric character-

istics to these segments. The required geometric quanti ties inc1ude

the surface width, cross-sectional area and the meandepth. Since. ,- -~

the numberof segments which can be considered is 11m1ted, some

degree of simplification and averaging is necessary; the process

is cal1ed schematization (5) •

The MeghnaDel.ta has been SChematizedby dividing the

branches into small reaches of l.eDgth, /J.x = to kII. Thefichematized
~ . ~

portion of the MeghnaDel.ta has 3 upl.and discharge boundaries at

. Goalundo, lhairab Bazar and.-Taraghatand , seaward-boundaries at

charMadraj",Char changa and Dasmonia. It hastS 'branches and-8

junctions ~'The schematiza tionreBlll.ted"'ln -a~total' of -85 conip1ita-~_

tional se~tions. ObviouB1.y,branch_1engthl!lwe:e-not--exact muJ.tip1J.e

of the chosen ..t,. x and the nearest whole numberwas selected inf"..
. ,

such a way that the increased l.ength in one branch was approximate1y

compensatedby decreases in other branch l.engtW6). Actual. branch

1e~gths and their schematized 1engths are presented in Tabl.e 3.4

wh1J.edeta1J.s of the schematization have been shownin Fig. 3.6.

3.7 Dstermiaation of representative geometric parameters:

After schematization the geometric parameters of an el.ement

reach extending 6.x/2 on either side of a section was extracted by

. extensive analysis of sounding charts of the ri .•.ers~ The cross-
(,

sections were represented by equivalent rectangUlar sections. The
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TABLE - 3.4

LENGTHSOF VARIOUSBRANCHESOF THE MEGHliADELTA

:Branch Name of the river Actual. leDgth Schematrised
No. . (kill) length in

; numbers of,
Ax(= 10 km)

1 Padma River 96.5 10
2 Meghna Riv,er 80.5 8
3 Dhaleswari River 86.6 9,
4 Meghna River 21.8 2
5 Lower Meghna 38.5 4
6 LOWer Meghna 7.5 1
7 Lower Meghria 27.5 2
8 Lower Megma 45.0 4
9 Stlahbazpur, Channel 45.0 5, '

10 Batiya Channel 60.0 . 6 -

11 , Ganespur ~ver - 27.5 2
-

12 'T~tu11a River 56.0 - 6,

13 AIlIimpur Db~rmaganj River 46.5 5
,

14 Tentu1ia R;1ver 15.8 1
15 Jayanti Ri'ver 56.7 5,

, 711.4 70
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expressed as

I="h.A'L,i.TI (~; +').+,)
LA=

area by the section length.

LA A~ t+.. '
b = L C~.3)Ax

[AA'.,.-t •. (oil + '(~-t\)
Y = --'L••..• _

Representative meandepth was obtained by dividing the

volume by . the surface area

;(L 8. A'.• ,'..+1 ....

\ t

Width of the section was :obtained by dividingcthe surface ..

where, h.A' = sarfacearea between any two adjacent depth contours

Y' = contour depth from meantide level

i = contour number

A = Area of the section

b = Width of the section

Y = meandepth of the section

which maybe

width and the meandepth at a section must represent average

topographicaJ. characteristics of a reach. This is best achieved

by determining the volume of watet: contained between adjacent

sections and lying below a given vater level, together with the

plan surface area between sections(t). The volume w~s determined

from depth contours drawn on sounding charts. A representative

area wasthen obtained by dividing.the volume by the reach length
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Variation of computedmeandepth, croes-sectional

area and width along channels are presented in :Pig.3.7. It

showsthat the area and width decrease. with distance 1'rOlll

sea ward .oundary towards upland but the variation of depth

with distance does not follow that rule.

•
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DETERMINATION OF TIDAL CHARACTERISTICS

4.1 General:

Tidal characteristics of an estuary can be studied

directly if extensive data on discharge hydrograph for a tidal

period, tide level hydrographs, depth of fiow, water surface width

and water area are available at various locations for a

continuous period. The data available from the MeghnaDelta was

very 11mited. AJJdescribed in the previous chapter, only the daily

discharge data were available at three upland boundary sections

and tidal bydrographswere available only at ten gaging stations.

This did not permit direct study of the tidal characters based

on field data. Anindirect-'.approach has been -followedhere-by -

applying the method"of cubature";The-method-gave discharges at

various sections and :tidal characteristics'were determined

by analysing the computeddischarges/- .,

4.2 CUbatureCalculation:

Application of the methodof cubature requires observed

tide level hydrographs at every computational section of the
,

schematization. Tide level hydrographs were available only at 10

gage stations as shownin Figure 3.1. Tide level at intermediate

sectionswere determined by linear interpolation from two gage

stations. The computation' starts from the upland boundary section

using observed discharge data. The discharge at boundary section

was assumedconstant for two tidal cycles in a day. This 1s not

introduced serious error into the computations as the discharge
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boundary sections were situated on non-tidal reach of the rivers.

Then the cubature calcu;LatioI;Bwere performed using the IBM370/115

computer at BUET.A computer programme, for this purpose, was

deYeloped b~ Chowdhuryearlier. (.'1 ) Typical computed discharge

hydrographs are shown in Figure 5.11 • Using the computed discharges

at various sections, mean tidal velocity, tidal excursion and~ .

residual discharges were determ~ed.

4.3 Tidal Velocity:

Tidal velocity can be computed directly from V = Q/A

using the computed discharge. Both discharge and water area at

a section Change with time. Ine to insufficient geometric data,

variation in Water area with respect to time could not be deter-

mined. Constant water.area corresponding to mean depth has been

used in ..the'compiltations.- ~"Tn'c'other words, tidal velocityc-has

been aS8Wlleddirectly. proportional to .the computed discharge, the

constaD.t of- proportionali ty:.being-inv.erse .()f,the .mean_water area.. . .

As a result of this simplification, computedveloc1ty will be

greater during high .water while smaller during low water periods.

4.4 Tidal Excursion:

Tidal excursion has been computed by appronmatingthe

equation 2.3 in the following form
n

E = L v!i (tj - tj-1)
j='i

where, E = Tidal excursion

vi= Tidal velocity at the ith section at jth time level
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(4.2)

•

n

L1
n At

4.5 Residua1 Discharge:

In the present study, a constant time interva1 of 30

minutes has been used i.e., bt = t3 - tj-1 = 30 minutes. In

equation 4.1, Telocity at the end of the time interval has been

used.

n •• number.of~t1me~1ntervaJ.~'T'"....J.

~ •• :residua1 discharge. at the end of the period (tn -t')
, i. e., nAt...",

t3-1, t3 = time 1ev81s.
n. = numberof time intervals

In order to computeresidua1' discharge, eqn. 2.4 is

approxiDBtedby

In the present study, residua1discharge has been

computedOVerthe periods of spring to neap, neap to spring

and sPring to spring using eqn. 4.2.

3=11

Where,~: ="DiBcluu-ge"a't>ith'Sect1con~~and.:.~~th7~t;ime-;;",,'.,_

At = (t3,,_ t~-1 )-='.t1tnecinterval.:;.:",'-;:~i



CHAPTER "- 5

RESULTS AND DISCUSSIONS

.
The MeghnaDelta has three main Ooeanoutfalls namely

the Batiya ohannel, Shahbazpur ohannel and Tetu1ia ohannel.

The Batiya ohannel is on the 8aet While the Tetu1ia ohannelis

on the west side, the Shahbazpur channel be1J:lgin the middle.

Observed spring and neap tidal ranges in April of 1977 and 1979

at the mouth of those three estuaries are presented in the Table

5.1. It shows that the tidal ranges deorease from east to west

along the coast of the MeghnaDelta. '

LeTels of hlghwater and lowwater o,ccurred in spring and•.
neap tides in April of the years 1977 and 1979,a:re-glven in Table

';-

5.2. It shows that oh1ghwater::-1-evelsdltcrease:.-andlowwater'leVels-

increase -fromeast to ,west along the~coast,of,the,OMeghna:l>eita.':' "

Present study shows that the maximumflood velocity in

the MeghnaDelta reached as high as 6.53 m/sec and 7.81 m/sec in

the monthof April of 1977 and 1979 respectively. Maximumebb

velocities were 4.61 m/sec ani 3.71 m/sec in the month of April

1977 and 1979 respectively.

At the mouth of Shahbazpur channel, the maximumflood

velocity in spring tide vas found to be about 1.57 m/sec and

2.32 m/sec in the month of April of 1977 and 1979 respectively

and the maximumebb velocity in spring was found to be about

1.49 m/s8Cand 1.41 m/sec in the month of April of 1977 and 1979

respectively. Whereas at the same location the largest amongthe
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TABLE - 5.1

Nea "range
m

1 1 1 1
3.261 2.941 1.844 2.499

2.509 2.493 1.585 2.179

1.767 1.905 1.128 1.310
\

TABLE - 5.2

Gage
Station

Dasmonia

Char Madraj

Char Changa

SPRING ANDNEAPHIGHWATERANDLOW-WATERLEVELS

IN APRIL 1971 AND 1979 NEARESTUARYENTRANCES

SPRING ANDNEAP RANGESIN APRIL 1971.
.Mm 1979 NEARESTUARYENTRANCES

Tetulia
Channel

Shahbazpur
Channel

Name 0 t e
estuary

Hatiya
Channel

Name o'f-the.~. ~."-Gage - - _.,~~ HWL _,.0_,.-,_", .- 'Type -•.
- .-

estuary station III o'f
1 1 1 Tide

Hatiya -- 2.865 -,2.310 -0.396 -0 •.631
Channel. Char Changa .=-

Shahbazpur Char Madraj 2.280 2.124 - 0.229 -0.369
Channel

Tetulia Da8IDonia 2.057 1.859 0.290 -0.046
Channel

Hatiya Char Changa 1.814 2.295 - 0.030 -0.204
Channel

Shahbazpur Char Madraj 1.585 2.085 0.000 -0.094 Neap
Channel

Tetulia Dasmonia 1.570 1.737 0.442 0.427
Channel

•,.'
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maximumflood velocities in the whole aynodic period was found

to be about 1.96 m/sec and 2.57 m/sec which 'occurred 1day and

• dlvs after spring in April 1977 and in April 1979 respectively.

The largest amongthe~maximumebb velocities was found to be

about 2.25 m/sec and 1.86 m/seo -,:whichoccurred 1day and 6 days

after spring'in the month of April of 1977and 1979,respectively.

As expected, the maximumfloodve1ocity increa.ses with

the decrease of freshwater discharge and maximumebb velocity

increases with the increase of freshwater discharge. Fig. 5. 6

showsthat the maximumflood velocity. of spring "in April.1979

is greater than that of spring in April 1977,and the maximum

ebb velocity .of spring in April 1977 is g~eate!-.than that of

spring in Apr1l1979. Fig. 3.2 showsthat.the.freshwater.discharge

is greater-in April 1977 than that-in April 1979;0-

Normally_,oo.maximumc.fl,oodvelocity ~and~maximum..ebb-velocity __

decrease with distance from the mouth of the Shahbazpur channel

towards upstream but at the junction they increase. For example,

variations of maximumflood and ebb velocities with distance of

four typical tides are shownin Fig. 5.5.

The tidal excursion increases with the increase in tidal

range. :Butit decreases upland with distance from the mouth of

the Shahbazpur channel. Variation of excursion with distance for

• tides viz. spring, mid of spring and neap, neap and mid of neap

and spring are shownin Fig. 5.8. Here at CharMadraj,the excursion

was found to be about 20.7:kID and 17.3 Ianwhere the range was found

to be about 2••9 mand 2.18 m in spring and neap of April 1979
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, .

respectively. At the same station, the excursion was found to be

about .13.3 kmand 10.2 kmwhere the range was found to be about

2.50 mand 1.59 m in spring and neap of April 1977respective~.

The tidal excursion at nshaghat was found to be.about 4.6 km

and :3.6 kmwhere the range was foum to be about 2.20 mand 2.00 m

in spring and neap of April 1979 respectively. At that station,

the excursion vas found to be about 6.4 .kmand 2.4 kmwhere the

range was found to be about 2.26 mand 1.37 m in spring and neap
. ,

of April 1977 respectively. These values are significant compared

to the lengths of the estuary. Ilshaghat is about 90 kmupland

from CharMadrajand the confluence of Padma-Meghnais about 70 km

upland llshaghat.

Tidal excursion~is ,a ~measure-of,=-the",hortzontaL~--t1lie~The-

figures 5.8 and.5.9 -1ndicatethat horizontal tide_becomes~inBigni-

ficant at-Padma-Meghna"'con1'luence.-"On,the-other .hand,;1;he~vert!-cal-~-

tide crosses Mawaand Narsingdi in the Padmaand the Meghna-rivers

respect! vely •

The tidal excursion varies inversely with the freshwater

discharge. For examplein Fig. 5.9, the variation of excursion

with distance for spring and neap in April 1977and in April 1979

are shown. Fromthe figure it shows that in spring of April 1979,

the excursion is greater than that oi: spring in April 1977, and

it is seen from Fig. 3.2 that the freshwater discharge is smaller

in April 1979 than that of- April 1977.
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In Figures5 .•13a,5.•13band 5.1,3cresidual discharge are

shownfor the periodsbetween spring to neap, neap to spring and

spring to spring in April 1977and in April 1979. Fromthe figures,

it is seen that residual discharges are larger over the period

between neap and spring while smaller over the period between

spring and neap. The figures also indicate tilat the residual

discharge increases with the increase in freshwater discharge.

It is further seen that significant. tidal pumpingoccurs between

the Hat1ya chanm.e1and the Shahbazpurchannel.

Various simplifications are madein the present study.

Henceresults of this study are to be used keeping somedegree

of allowances. The simplifications madein the present study.are

discussed below:

The crose-section 'have been.represented .by .equivalent ..'.':'..

rectangular sections .. Theminimum_width-depthera tl 0 .out..-of' all

cross-sections is 34.5: 1. Henceuse of rectangular sectlonis .

justified.

:rne to insufficient geometric data, meandepth of flow

at a section has been assumedconstant. Ent the total depth of

flow changeswith time and the actual depth should be used in

the computationof velocity. Hence, as a result of the simplifica-

tions, the computedvelocity will be greater during high water and

smaller during low water. However,the simplification is acceptable

as the tidal range is small compar~dto the meandepth.
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Division of flow at a junction has been computedby apply-

ing steady flow formula 1.e., the Manning's formula. EUt the flow

is a gradually varied unsteady flow. Further, the computational

time interval At, of 30 minutes is about 4%of the tidal period;

Hence, the simplification is not un-reasonable.

The freshwater discharges at the three upland boundary

sectionshave been assumed constant for a day. As those boundaries

are at non-tidal reaChes of the 'rivers,itwill 'riot intro(luce

serious 'error:1nto the ,-computation.

The water level elevationsat intermediate sections between

two gage stations have been determined by linear interpolation. As

the tidalpropagation.is:g:re.dually-var1ed -and'e1ope of the water ..

level is very small; thesilliplificationc1s-.'reasonable.:~In-,--the absence

of extensive field data,--the.study,-is'notpossible without this
I

simplification. "

The basis of the cubature method is the continuity equation

where floy is assumedone dimensional. In reality, the flow 1s two

dimensional or even three dimensional. However, the assumption of

one dimensional now is a standard practice in all such studies.

Finally, in spite of the above simplifications, present

study gives an idea about the order of magnitudes of various para-

meters of tidal characteristics of t~e MeghnaDelta. The results

of present study will be of immensevalue in any future study on

numerical IIIOdelling, sediment transport, salinity etc.
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CHAPTER - 6

CONCLUSIONS

Conclusions from this study are summerizedbelow:

Spring and neap ranges decrease from east to west

altng the coast of the MeghnaDelta.

Sprillg and neap high .w:ater'levels .decrease"and'law

water levels increase from east to west along the coast.

Maximum:flood velocity as high as 7.81 m/sec has been

found in the study period 'while the max1mllmebb velocity is

4.61 m/sec.

Tidal excursion increases .with the decrease in combined

freshwat er.::flow. from Padmaand-.Meghna0 '---- •.

Tidal. excursions of ~about-22-km_and'::18.~kmfrom-.the-estuary-. - ..

entrance along the -Shahbazpur-channel'"has been':fbut?d.during .spring

and neap tides in the study' period •.

The horizonral- tide becomesins1gni:f1cant at the Padma-

Meghnacon:fluence while the vertical t1de crosses beyond Mayaand

Narsingdi in the Padmaand the Meghnarivers respectively.

Residual discharge 1s 'larger over the neap-spring period

while smaller over the spring-neap period.

Residual disCharge increases with the increase in fresh-

water discharge.

Significant tidal pumpingoccurs between the Hatiya channel

and the Shahbazpur Channel.
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