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NOTATIONS

This teble presents the definitions 9f the gymbols in
common use in this project. when other symbols : have been used

they are defined in the test.

A croag-sectional area of a channel
A' sgurface area between any two adjacent depth contours

rean water surface width

b

Co celerity

E tidal excursion

g acceleration'due to gravity

h elevation of water surface with respect to horizontal datum
n roughness c0egfiéient

Q tidal discharge

Qg residual discharge

3 water surface slope

t time

v average tidal velocity ‘
AX length between longitudinal segments of the estuary
Y water depfh A

T contour depth from mean tide level.
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CEAPTER - 1

INTRODUCTION

1.1 General: _
Tidal characteristics of delta are mainly deperdent on

topographical feature, freshwater flow from uplend and tidal

‘ entrance

variation at the eqtuary /.JInformation on tidal characteristics

are vital in the planning and design of water development projects.

4 number of irrigation, flood control, drainagejiiwigation pro-

jects are in the execution stage in the Meghna Delte. Several

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

characteristics of the Meghna Delta will be useful in the planning

and design of future projects.

Tides in the ocean-and 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 ﬁt the
mouth of -an estuary caunses tides in -the estuary. Tﬁe,tides,in
the Meghna estuary originates in the Indian Ocean. It travels
through the Bay of Bengal and finally arrives at the estuary
mouth. In the Meghna pelta (Pig.1.1) the main channei divides
into a number of digwibutéries an it. has three main ocean out-.
falls namely Shahabazpur channel, Hatiya channel and Tetulia
chanmel. The main flow carrying channel is the Shahabazpur.
channel to the east of Ehola Island. The freshwater diacharge
mainly comes from the river Padma and the Meghna. Network type
geometry fed with large freshwater fiow during monsoon while
emall flow during dry season makes tﬁe tidal characteristics
of the Meghna Delta unique.
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1.2 Objective: _
In order to study the tidal characteristics of a

complex river neiwork 1ike the Meghna Deltsa, topographical
and hydraulic data are needed covering & long period of éime.
Onfortunately, data available from the study area le very
1imited. PFurther, the available recordsare not continuous.
After painstaking gerutiny, continuous hydraulic data for
the periods Tth April '77 to 18th April '77 and 12th April
179 to 26th April 'T9were obtained. The objective of thls
project is to gtudy the tidsal characteristics of the Meghna
Delta using those data. '




2.1 Tideg in egtuaries:

Rise and fall of sea jevel at the entrance of an estuary
causes surface gradients which regults in the propagation of

gravity waves into the estuary(z)

. The rate of propagation depends
primarily on the depth of water and, in consequence,on the $idal

range at the mouth.

The amplitude of tidel wave progressing upstfeam is
influenced by the complexity of the estuarine geometrj. Slow
convergence of the estuarine goeometry may tend to increase the
tidal amplitude while rapidcoh#érgenge.15,1ike1yito produce
continnous_reflection_rrom gide walls and frictional dissipation
of energy -from the'boundaryoeventuallyileadingato.conaidarable— Clei
attenustion of the ampl itude with the progress of the wave |
' gpland. Freshwater inflow and lateral run-off as well as
frictional resistance causeé the symmetrical t41de of the open

gea to becohe agymmetrical with the progress of tide upstream.

2.2 Terminoiogies;_

geveral terminologies are nsed in the tidal hydraulics.

seme ©T them are déscribed below:

Flood tide: The landward tidal flow during rising atage 1is

xnown as flood tide.




Ebb tide : The meaward tidal flow during falling stage is

¥nown as ebb tide.

Bighwater : The highest level reached by water surface at a
gection in one tidal oscillation is called the high

water at that section.

_Low water : The lowest level reached by water surface at a
section in one tidal oscillation is called the

low water‘at that section.

Mean tide level: The average of the highwater and low water
jp called the mean tide level.

Range : The difference between consequetive  high and low
water 1evela-atja_sectionAis“tha'range'at that

section.

Spring tide: Spring tides are the highest rangé tides -pecurring -
' twice each mopth when the sun, earth and moon lie
in a straight line, In Bangladesh this occurs about

two days after full and new moon.

Neap tide : Neap tides are the lowest range tides occurringtwice
each month when the sun-earth moon angle is 900.
- In Bangladesh this occurs ;oughly 9 days after full

and new moon.

Slack water: Jlack water is the temporary stagnancy of tidal flow
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




low water slack occurs during the turning of the

tide from ebb to flood.

Synodic periods: A synodic -period is the time overlwhich the
tide almost repeats 1tself. The main gynodic periods
are approximately 124 hours, 25 houre, 14 days, 15

days, one month and one year.

Tidal wave velocity: The velocity at which the tidal wave travels
4g called the tidal wave velocity ar celerity. It is

given by, ST e j; .
o celeritxﬁco = (gy) e .o (2.1)
where, g = acceleragion due to gravity
y = water depth.

pidal velocity: The velocity with which the water particle moves
| is called the $idal velocity. The average tidal velocity

in a section is computed from

ve S .. ... e (2.2)

where V = average tidal veloclty
Q&Q = tidal discharge

A = cross-sectional area

T4dal excursion: 7idal excursion is defined as the distance travell-

ed by & percel of water during the period of the flood
" tide.. Using cross-sectional average velocity, it may be
ostimated by the following formuls ‘

P
E,z f v dt s e 'R (203)
. ) t1
where E = tidal excursion
t1 and tzztime 1imits

v = mean cross-sectional velocity.



Residual discharge : Reaidual discharge is the average discharge

' over a synodic period, preferably & fortnight. It

may be expressed as

7

Qadt ... (2.4)

where, Qp = regidual discharge

‘Q = tidel discharge
¢ = starting time of the synodic period
:t = ending time of the synodic-period.

Tidal pumping: Inva network of tidal rivers, some porfion of
floo0d tide wat;r entered through one branch may
‘return throughfanother~branch*during*ebb;-This_
phenomenon is known as tidal pumping. This. can
generate significant residlal flows in & 1ooped

gystém of channel networks.

2.3 Continuity Bgquation:

|
1 |
&

: i Q-i—?ax dx l %
A, : | I
—_——

1 |h | h

! !

| WWMW
m‘f"’ - | *

: i Datum

le dx |

E’A “l Section _A-A

Fig. 2.1 Continuity principle applied to tlow through a reach.

e




The equetion of continuity for unsteady flow 4dn tidal
rivers may be established by considering-thé conmervetion of
mass in an infinitesimal space between two channel sections |
shown 15 Fig. 2.1(ﬁ). Let the channel be divided into short
reaches having length dx betweem 'the cross-sections.

At a particular insteant of time, t, let the mean surface
width over the reach be 'b', such that the plan area of the water

surface ig 'bdx'.

If dx is 80 small that the whole water surface can be
assumed to rise or fall at the same rate, the volume of water

needed to change the surface level in time dt is

(3%) at vax - |
where h is the elevation of water surface with-respéét to hori-

zontal-datum. .

The volume of water flowing out of the reach ias

JETTI

where Q is the flow rate.

Since the water is incompressible, the net dhange in
discharge plus the chaenge in atorage should be zero; that is,

22 ) ax at +(2R) at bax = 0
(ax (‘t_)

-]
Simplifying,
3 2h
'Sg—' -I-b '-3T=0 se _ too. . (2'5)
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Eqn. 2.5 is known as the continuity eguation.

2.4 Method of Cubatures:

Eqn. 2.5 can be used to compute discharges at various
gections in &n 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.

Integrating the continuity equation 2.5;

jdq=-' jb(’%%) dx s PR X ‘oo. (2.6)
Ax ol bAx " ale Ax .l
Q) —, . Q, Q'i-i-l , Qi+2
. 7 77 777777 777 f77'7'7_7_}7'7—77'
[ L L+ : i—fz

Fig. 2.2 Schemalization of a river reach

Figure 2.2 shows the plan of a channel portion. Variation
of water level with time et everj gection ig . ¥mown. At amection
1-1, variation of discharge with time is known. The discharges -
at various time at the other sections Qi’ Q1+1, Qi+2......etc.,

are to be computed.

From equation 2.6 considering the chanmel reach between

gsections i-1 and i, we can write,
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F-Bym-F R ong) e e (2
and hence,

. 2

N Qi = Q§_1 - be -é% . e sve (2'8)

where, the uubscripta indicate section number, the superscripts

indicate time level and

b = average water surface width in the reach

AX = length of the reach = X, - X g

Ah = average change in water level in time interval At.

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

¢

with distance. The average water surface width b is computed

from.
T b1-1 + b2 + b1 + b2
b 4 i 1 1 IR T I R - - a0 (2-9)
& 4 7

The averagze change in water level in the reach is

computed from

2 1 2
_ n2 - n}_ +(h _ 1)

From equation 2.8, the discharges at section i can be
computed when the discharge at section i-1 is kmown. Using the
computed discharge at section, i, discharge at the next section,

i+1,can be computed and so on.

2.5 Computation of flow at a junction:
By the method of cubature, the discharge at snccessive

.gections in a branch can be calculated. To be able to continue
the cubature computation beyond a junction, division of flow

among- the branch end sections has to be determined. Present
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study is restiricted to a three-way junction. At a threeway
junction either flows QA and Qg from two channels combine to
give Q, in the third channel as shown in Fig.‘2.3(a), or the
fiow Qc from a channel divide into QA and QB into two branches
as shown in Pig., 2.3(b).

".{a) Addition (b) Division

. Fig. 2.3 Bivision -of tlow--at -a -junction -— - -

In the. firat case(Fig 2.3a), the discharge Qc can be
,easily “found by simply adding the two diacharges, i.e.
Q= Q + Qq T 2an

where QA and QB are determined by applying the method of

cubature.

In the second case, Q, from the upstream branch is divi-
ded into two dowmstream branches. - A gsimple method is adopted
. here ?here the steady fliow formula is applied. If the time
interval is kept small application of steady formula to gradually
varied unsteady flow 1is acceptable.




Using Manning's formula for a rectangular channel

we have
Q= 1:482 p 167 gF | vee (2.12)
= léﬁgﬁ F
where * P = by1’67 S&
y = depth of flow
S = water gurface glope
n =_roughﬁees coefficienf

Assuming similer roughness coefficient for branched
gections..

Q=KF,

and Qg = KFB
yhere.FA -
sectiong A and B respectively.

-vand'FB_aare,yaluea-offﬁbytﬂGT;S%) at -branch:=:=end _ _-_:=

. -FA ‘ ' ' ' (2.1
Q = b : - s0e 3 C o - eee . .13)
27 % Fp.+ Py

amd Q= Q-G e e 2

The water surface width, b, and the depth of flow, .y,
are known. The water surface slops, S, can be comppted from
water level data.. Hence QA and QB can pe computed frop equations
(2.13) apd (2.14). Once the dischargeé at the-branch;end sections
are known, the diecharges at successive sections can be deter-

mined by the method of cubature.
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CHAPTRER = 3 .

DATA COLLECTION AND ANALYSIS

3.1 Description of the project area:

The Meghna Delta shown in Figure 1.1 is the main ocean
outfall of the GangeB-Brahﬁaputra-neghna river sy:tém. It has
about 712 km of channel divided = into . 15 reaches comnected
at 8 junctions. It has % ocean outfalls. The 1argest contribu-
tion of freshwater flow comes from the Brahmaputra(s). The main
flow carrying charmel is the éhahﬁazpur channel to the east of
the Fhola Island. The other important flow carrying channels
are Hatiya channel and Tetulia channel. The Shahabazpur channel
1s also connected from the east by the Sandwip channmel. The tide
.13 mainly semi-diurnal in-character huftthéré‘are atrong shallow
water effects which distort the shape of the tidal hydrograph
and create a fortnightly tide. o

During the wet season ﬁhggggggqgland-the_Bmahmaputra rivers
discﬁarge enormoﬁé quantities of water which with the addition
of local rainfall causes flooding in a large part of the delta,
In the dry season there is & negligible amount of local rainfall
and the low freshwater inflow allowssaline seawater to pemetrate

into the uplaﬁd.

3.2 Collection of data:

For the present atudy, data needed are the channel dimensions

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

various locations,

measurementg.of the freshwater inflow at Goalundo
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Bhairab Bazar -and Teraghat. Sounding charts of the rivers have

been collected from Bangladesh Inland Water Tr@nsport Aufhority
(BIWIrA) and a list of them is given in the Table 3.1. Half hourly
tide level recérdinga(3) are collected for 10 stations for the
periodsbetween 12thand 26th April,1977 and Tthand 18th April,

. 1977 and the source of data is BIWTA. Mean daily discharge

data from non-tidal rivers at Goalundo, Bhairab Bazar aﬁd Taraghat
are collected from Bangladesh Water Development Board(BWDB)(4)for
the same periods.Locations .- of discharge and water level gage
stations are shown in Fig. 3.1. The discharge hydrographs afe
shown in Fig. 3.2. It is seen that the freshwater diachafge in 1979
is significantly . low comparedto that in 1977. It further shows
that freshwater flow from the Meghna basin ié'negligible cdmpared
to that from the Ganges and the B:ahmaputranbasinéz~ﬁ_;

The periods between 12theand 26th -April of 1979 and Tth and,
18th April of 1977 have been taken because in these periods
siml taneous water level and discharge data are available for all
gaging stationsin the study area. The quality of data is also
better in those periodswhen compared to other availeble periods.
‘The informations about the condition of the selected water level
end discharge data are given in Table 3.2 and Table 3.3.

3.3 Batimating the misgine water level data:

In the half houfly water level records,some data were
mipsing due to the absence of gage reader, unfavourable condition
of weather etc. To estimate the missing data, water level hydro-
graphe have been plotted using available data and the migsing data

have been interpolated graphically as 11lustrated 4n the Fig.3.3,
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TABLE - 3.1

LIST OF SOUNDING CHARTS

s1. Sheet Year of Prepared
Ko. River No. Survey Scale by
{. Shahbazpur Channel B—?,'{, B | Jan '70 |1/50000 | BIWTA
2. Shahbazpur Channel EZL A | Jan 70 |1/50000 | BIWLA
3. Meghna/Ganespur B gg B May '82 1 /50000 BIWTA
4. Meghna EE3 ¢ | Nov '81 & 1/50000 | BIWA
Apr '82
5. Meghna & Padma e 3?, A | apr '77 &|1/50000 | BIWTA
: May '77
6. Padma 6 A8 B . 1 /50000 | BIWTA
7. Padma ) %’- c - 1/50000 | BIWTA
8. Padma 12t ¢ | apr 178 |1/25000 | BIWEa
9. DPadma/Ganges Confluence G-l% D May '78 1 /25000 BIWTA
10. Padme G124 B | apr '78 |1/25000 | BIWTA
3
11. Meghna - C &5 B.| apr '82 |1/25000 | -BIWTA
12. Meghna/Sitalakhya -~ _—|C g5 C | Apr '82 |1/25000 | BIWTA
13. Meghna = |s128 Al Jul '78 . |1/25000 |.BIWTA | -
| 196 ' R
14, Meghna 3"35 B | Jul '78 |1/25000 | BIWTA
15. Meghna |s19& ¢ | Jux 78 |1/25000 | BIWEA
16. Meghna s198 D | Jul '78 [1/25000 | BIwWTA
17. Tetulia to Nalchiti - 1968-69  |1/100000| EPIWTA
18. Shabazpur Channel 60 '
Amani Bazar)
19. Hatiya Channel E B | Mar '8t |1/50000 | BIWTA
~ (Sandwip to South Hatiya)
|20, Sandwip & Hatiya Channel _
‘ from Chittagong to BD HATIA | Fov '82 |1/100000| BIWTA
Hatiya 82 100 01
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TABLE = 3.2

CONDITION OF WATER LEVEL DATA

L e —— e S i el

No.of Name of the Source of ' Condition of deata
the gage station data . | For April 19717 | For April 1979
gtation
A Narayanganj BIWTA Irregular Irreguler
2 Narsingdi BIWTA Irregular Irregular
3 Chandpur BIWTA Irregular Regular at ¥
- hour interval .
4 I11shaghat BIWTA Regular at ¥ Regular at ¥
: hour interval | hour interval
5 Chittalkhali BIWT A Regular at ¥ Regular at %
' hour intervel | hour interval
6 Char Madraj BIWTA Irregular {1 hour interval
7 Thulia BIWT A - Regular at ¥ | Regular at ¥
hour interval~a.hour interval .
8 Dasmonia .. BIVWTA .Regular-at ¥ Irregular
hour interval
9 ‘Sandwip - BIWTA “Regular at % Irrégular
B hour interval .
10 ‘Char Change BIWTA Regular afhi' Irregular

hour interval




™

CONDITION oF FRESHWATER DISCHARGE DATA

Lol

Name of the Source of Year Condition of
gtation Data dats
Goalundo BWDB 1977 Available
Goalundo BWDB 1979 pvailsble
Bhairab Bazar BWDB 1977 Estimated fronm
’ _ the rating curve
Ihairab Bazar BWDB 1979 Estimated from
. the rating curve
| Taraghat BWDB 1977 Estimated from
: the rating curve
| Taraghat BWDB 1979 Available
| o
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Fig, 3.3 Estimation ot missing water level data.

3.4 Estimating the migging discharge data:

- In the period of April 1977, the daily discharge data
of Goalundo, and in-April 1979, theJdaily:discha:ge;dataﬂoﬂt,y,h
- Goalundo and Taraghat were available from BWDB. Bat-the discharge
data of¢£ha1rabABazar and.Taraghat:in:APril“197T;and-thatfofr—~-
Bhairab’Bazar'in,April 1979 were not availlable., However daily
sfagé data were available for those stations. The missing dis-
charge data have been estimated by drafing rating curves for those
stations. The rating curves are shown in Fig. 3.4. The errors in
the eatinated discharge will have ingignificant effect on the
results of this study. This is because the combined discharges
of Meghna and Dhaieshwari is very low compared to that of Padma
at Goalundo as can be seen from the Fig. 3.2. A study by IECO(8 )
shows that the discharge of Meghna falls within standard deviation
of tﬁe discharge of the Padma.
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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 PWD datum. The gtations were
Narayangang, Karsingdi, Chandpur,Thulia and Dasmonia. At remain-
ing 5 stationswater levels were recorded with respect to local
chart datuma;aBut for present study, water level data with respect
to a common datum is needed and pWD datum is selected. The relation
between the chart datum and PWD datum at I1shaghat and Sandwip are
known. But the same are not kmown at Charmadraj, Charchanga and
Chittalkhali.

To find out the relationship between the PWD and chart datum
at the 3 stations, mean tide levels . with respect to chart datums
are plotted against distance along Hatiya channel—waer Meghna,
.ShahbaZpur:waer Meghna-and-Tetulia-Ganespur-Lower Meghna:aafshown
in the Fig. 3.5: Similar'cﬁrveS'were-also drawn using available
mean tide leveIS'withrrespect,torPHb'datum.sThen the vertical - .
difference between the two curves gives the adjustment neceasary
in water level records at a gage, station. This process is illust-~

| _ U\
rated in the Pig. 3.5. o

| It is seen from the figure that the mean level at Thulia
is significantly deviated from mean level curve although the records
were mentioned to be with respect to PWD datum. In the present study
the datum of that station was also adjusted.
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3.6 Schematization: |
In a one dimensional finite difference formulation it is

necessary to divide the estuary into a discrete nm}lber of longi-
tudinal segments and to assign representative geométric character-
istics to these segments. The required geometric quantities :lr;clude
the anrféce width, cross-sectional area-é.nd_ the} mean depth. Since
the immber of segmenta ﬁhich can be considered is limited, some
degree of simplification and averaging is necessary; the process
is called schematization(’ ), .
‘The Meghna Delta has been sctxematized by dividing the
branches into small reaches of length AX = 10 km. The schematized
'portion of the Meghna Delta has % upland discharge boundaries at
' Goalundo, Bhairab Bazar and-Taraghat.and 3 seawargi—boundaries at
charMadraj,Char changa and Dasmonia..Tt has 15 ‘branches and -8 o
Junctions:-The schematisation resulted-in-a total of 85 computa- .
tionmal sectiona. Obviously, branch lengths were not-exact multipile )
of the choaen .A x and the nearest whole number wasg Aaelected in
such a way that the increased length 1n one branch was aprroximately
compensated by decreases in other branch 1ength£6). Actual branch
1éﬁgthg and their schematized lengths are presented in Table 3.4
while deteils of the schematizétion have been shown in Fig.3.6.
3.7 Determimation of r.epre‘aenta'tive geome:'Eric parameters:
After schematization the geometric parameters of an element
reach extending Ax/2 on either side of a section was extracted by
- extengive analysis of sounding charts of the rivers: The cross-

sections were represented by equivalent rectangular sections. The
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LEHGTHS'OF‘?ARIOUg BRANCHES OF THE MEGHNA DELTA

Polch | Neme of the river . Actu?lkm]).eﬁgth Schemstrised
I numbers of
: ‘ Ax(= 10 kxm)
1 Padma River 96.5 10
2 Meghna River 80.5 8
3 Dhaleswari River S 86.6 | -9
4 Meghna Riv?er - 2_1 .8 -2
5 Lower Meghna 38,5 4
6 Lower Meghna | 7.5 1
17 Lower Meghna 27.5 2
8 Lower Meghna 45.0 4
9 . Shahbazpur Chemnel 45.0 5
10 Hatiye Chennel - - - 60.0 6
11 Ganespur- R;iver S . 27.5 2
12 ‘Tentulia. River. . e ~ 56.0 6
13. Azimpur Dhiatrmagan;] River 46.5 5
14 Tentulia River - 15.8 1
15 Jayanti River 56.7 -' 5
| T11.4 70
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width and the mean depth at a section must repreaent average
topographical characteristicas of a reach. This is best achieved
by.determining the volume of water contained between adjacent
gections and lying below a given water level, together with the
plan surface area between sections('). The volume was determined
from depth contoura drawn on sounding charts. A representative
area wasthen obtained by dividing-the volume by the reach length

which may be expregsed as
4 r .
Ao ZAAL,L-H(\-‘E +-ji+|) (3.1)
2 AR -

Representative mean depth was obtained by dividing the
volume by ' the surface area

ZA‘AQ.,L;\ : (Y: + Yi-{—\)

Y = (3.2) _
- :'ZAAL,Li-l

Hidth of the aection was obtained by dividing‘the surface -

area by the section length.

’
ZA A ETT '
b = L Aj{ ' (3-3)

where, AA' = surface'area between any two adjacent depth contours
Y' = contour depth from mean tide level
= contour number

Area of the gection

A =
b = width of the section
Y = mean depth of the section
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Variation of computed mean depth, cross-sectional
area and width along channels are presented in Pig.5.7. It
shows that the area and width decrease with distance from

ged ward Boundary towards upland but the variation'of depth
with distance does not follow that rule.
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CHAPTER - 4
DETERMINATION OF TIDAL CHARACTERISTICS

4.1 General: ,
Tidal characteristics of an estuary can be studied
directly if extgnaive data on discharge hydrograph for a tidal
period, tide level hydrographs, depth of flow, water surface width
and . water area are available at various locations for a
continuous period. The data available from the Meghna Delta was.
very limited. As described in the previous chapter, only the daily
discharge data were évailable at three upland boundary sections
and tidal hydrographs were available only at ten gaging\stations.
‘This 444 not permit direct study of the tidal characters based
on field data. A indirect-approach has.ﬁeen'follqwed here*by-“
appnying'the method -of cﬁbatnret Jhe~methodfgé§e discharges at -
varibus sections and tidal characteristiceﬁwere'dé@érﬁined

by analysing the computed discharges.- -- -~

4.2 Cubature Calculation:

Application of the method of cubature requires observed
tide level hydrogrﬁphs at every compptational gsection of the
‘schematization. Tide 1ével hydroéraphs were available only at 10
gage stations as shown in Figure 3.1. Tide level at intermediate
gectionswere determined by linear interpolation from two gage
stations. The computatioqﬁ?atérts from the upland boundary section
using observed discharge data. The discharge at boundary section
wag agsumed constant for two tidal cycles in = &ay. This is not

introduced serious error into the computations as the discharge




-3 -

boundary sections were situated on non-tidal reach of the rivers.
Then the cubature calculatioms were performed using the IBM 370/115
computer at BUET. A computer programme, for this purpose, was
developed b} Chowdhury earlier.L7 ) Typical computed discharge
hjdrographs are shown in Figure 5.11 . Using the computed discharges
at various sections, mean tidel velocity, tidal excursion and

residual discharges were determined.

4.3 Tidal Velocity:

Tidal velocity can-be cbmputed diréctly from V = Q/A
usiﬁg the computed discharge. Both discharge and water area at
" a gection change. with time. Due to insufficient geometric data,
variation in water area with respect to time could not be deter-
mined. Congtant water.area cofresponding.;o mean depth hés been
used 1n"xhé.bomputatiﬁns:‘i&nﬁ; other worde, iidélfvelécify?has
béen assumed directlymprbportional-to;the computed dLBCha;ge; the
constant oprroportiohalifY1being”interse.offthe“méaﬁ;hétermareé.
As a result of this simplification, computed-velo?itw will be
- greater during high.water while smaller during 16w water pefiods.

/

4.4 Tidal Rxcursgion:

T?idal excursion has been computed by approximating the

equation 2,3 in the following form
n

E = :Er v31 (ti'- t3—1) ‘ (4.1)
J=84 '

vhere, E = Tidal excursion

Vi: Tidal velocity at the ith section at jth time level
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£3-1, 3

n

time levels.
number of time intervals

"

In the present study, a constant time interval of 30
minutes has heen used i.e., At = 3 - gd-1 30 minutes. In
equation 4.1, velocity at the end of the time 1ntefva1 hasg been

used.

4.5 Residual Discharge: : °
In order to'compute residual discharge, eqn. 2.4 ig
approximated by

n
% = ’ R P
n At i -
=81 '
where, Q:l mscharge at {th :section and jth’utime“-‘“'it";;:,a

At = (430 371y time Anterval io i
n = number of time interval ... .. -

Qg = Yesidual discharge at the end of the period (t% - t%)
,i.0., nAt. - -

In the present study, residual discharge has been
computed over the perioda of spring to neap, neap to spring
and spring to spring using egn. 4.2. |




CH PTER =~

RESULTS AND DISCUSSIONS

The Meghna Delta has three main ocean outfalléinamely
the Batiya channel, Shahbazpur channel and Tetulia chennel.
The Hatiye channel is on the east while the Tetulia channel is
on the west side, the Shahbazpur. channel being in the middle.
Observed spring ahﬁ neap tidal ranges in April of 1977 and 1979
at the mouth of those three estuaries are- presented in the Tahle
5.1. It shows that the tidal ranges decrease from east to west
along the coast of the Meghna Delta. - ‘

Levels of highwater and lowwater occurred:in spring and
neap tides in April of the years 1971.and-1§§94¥9-g1ven in Table
5.2. It ghows that=highiatérkle§elsvdecreasaﬁ:and”loﬁwaterfléVela"
increase from east toneat-alpng-theécoaétwof=tha‘neghna3De1ta.-iaf"

Present study showe.that the maximum flood vélocity in
the Meghna Delta reached as high as 6.53 m/sec and 7.81 m/sec in
the month of April of 1977 and 1979 respectively, ﬁaximum ebb
velocitles were 4.6t m/sec and 3. 71 m/eec in the month of April
1977 end 1979 respectively.

At the mouth of Shahbazpur channel, the maximum flood
velocity in spring tide was found to be about 1.57 m/sec and
2.32 m/gec in the month of April of 1977 and 1979 respectively
and the maxirum ebb velocity in spring was found to be about
1.49 m/secrand 1.41 m/sec in the month of April of 1977 and 1979
Tespectivelj. Whereas at the same location the lergest among the
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TABLE = 5.1

SPRING AND NRAP RANGES IN APRIL 1977
AND 1979 NEAR ESTUARY ENTRANCES

Fame of the ~ Gage Spring range Weap range
estuary Station “mi : im)
1 1 1 1979

Hatiya Char Changs 3.261 2.9 1.844 2.499
Channel _
Shahhazpur Char Madra) 2.509  2.493 | 1.585 2.179
Tetulia | |
Channel Dasmonia 1.767 1.905 1.128 \1.310 I

IABLE = 5.2 ¢

SPRING AND NEAP HIGHWATER ARD LOW-WATER TLEVELS
IN APRIL 1977 AND 1979 NEAR ESTUARY ENTRANCES

"ﬁamé of the — ~---Gage . = “EWL L TType
estuary Station. = = (m) -~ (m of
- I A 4 T WO 1 i S Tide
|Batiya . " Cner Changa ..|.2.865 - 2,310 ~-0.396 —0.634|.. .
Eﬁiﬁﬁzip“r Char Madraj 2.280 2.124 | - 0.229‘-0.369 Spring
g::ﬁiig Dasmoria 2-057 1.859 0.2§o 40.046
Eﬁﬁiﬁ:l Char Changa 1.814 2.295 |- 0.030 -0.204
Eiiﬁﬁiipur Cha? Madraj | 1.585 2.085 | 0.000 -0.094|Neap
gﬁ:ﬁiﬁi Dasmonis .1-570 | 1.737 0.442 0.427
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maximam flood velocities in the whole synodic period was found
to be about 1.96 m/sec and 2.57 m/sec which occurred 1 day and

4 daye after epring in April 1977 and in April 1979 respectively.
The largest among the” maximum ebb velocities was found to be
about 2.25 m/sec and 1.86 m/sec :which occurred 1 day and 6 days
after spring in the month of April of 1977 and 1979 respectively.

As expected, the maximum flood velocity incresses with
the decreesse of'freshwater discharge and maximum ebd velocity
increases with the increase of freshwater discharge. Fig.5.6
showg that the maximum flood velocity . of springfin‘Aprilf1919
is greater - than that of spring in April 1977, Bnﬁ the maximum
ebb velocity of spring in April 1977 is greater than that of
gpring in Apr11-197§. Pig. 3.2 shows that the freshwater . discharge

' ig greater -in- April 1977 -than that—in April 19797 =

Normally,.maximum -f1ood velocity ‘and ‘maximum.ebb velocity. .
decrease‘ with distance from the mouth of the Shahbazpur channel
towvards upstream but at the junction they increase. For example,
variations of maximum flood and ebb velocities with distance of

~ four typical tides are shown in Fig. 5.5.

The tidal excursion increases with the increase in tidal
range. But it decreases upland wi%h distance from the mouth of
the Shahbazpur channel. Variation of excursion with distance for
4 tides viz. spring, mid of spring and neaﬁ, neap and mid of neap
and spring afé shown In Pig, 5.8. Here at CharMadraj,the excursion
was found to be about 20.7, km and 17.3 xm where the range was found
to'be about 2.49 m and 2.18 m in epring and neap of April 1979




I—.'espectively. At the same station, the excursion was found to be
about _13-3 km and 10.2 km where the range was found to be about
2.50 m.and 1.59 m in spring and neap of April 1977 respectively.
The tidal excursion at Ilshaghat was found to be about 4.6 km
and ‘;3.‘6 km where the range was fourd to be about 2.20 m and 2.00 m
in spring and reap of April 1979 respectively. At-that. station,
the excursion was found to be about 6.4 “km and 2.4km where the
range wag found Yo be about 2.26 m and 1.37 m in spring and neap
of April 1977 respectively. These values are signifiEant compared
to the lengths of the estuary. Ilshaghat is about 90 km qpland
from CharMadraj and the confluence of Padma-Meghna is sbout 70 km
upland Ilghaghat. o

Tidal éxcursib,nwie.{-é ~measure -—ofithré%horiz‘ontail.'—*hiﬂ“e‘:“—‘!rhe— ST
figures 5.8 and 5.9 indicate that horizontal tide becomes insigni-
ficant at-Padma-Meghna ~confluence’; =0n-the-other ‘hand the vertical
tide crosses Mawa and Narsingdi in the Padma and the Meghna rivers
regpectively. | - |

The tidal excursion varies inversely with the freghwater
discharge. For example in Fig. 5.9, the va.riationl of excursion
with d:lstance.for spring and neap in April 1977 and in April 1979
are shéwn. From the figure it shows that in spring of April 1979,
the excursion is greater than that of spring in April 1977, and
it 18 seen from Flg. 3.2 that the freshwater discharge is smaller
in April 1979 than that of April 1977.
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In Figures 5.13%a,5.13b and 5.13c residual discharge are
shown for the periodsbetween spring to neap, neap to spring and
spring to spring in April 1977 and in April 1979. From the figures,
it is seen that residual dischargesare larger over the perlod
between neap and spring while smaller over the period between
spring and neap. The figures also indicate that the residual
discharge increases with the increase in freshwater discharge.

If ig further seen that aignificanf-tidal pumping occurs between
the Hatiya channel and the Shahbazpur channel. .

Various simplifications are made in the present study.
Hence results of this study are to be used keeping some degree
of allowances. The simplifications made in the present study are

discuesed below:

The croea—aectibn?have beenrrepresénted,by.equivalent::ﬁa
recténgular sections. The minimum width-depth -ratio out-of all
crogs-sections is 34.5:1. Hence use of rectangular section is .

justified.

Due to insufficientrgeometric data, mean depth of flow
at 2 section has been assumed conastant. Bat the total depth of
flow changes with time and the actual depth should be used in
the computation of velocity. Henée, ag a regult of the simplifica-
tions, the computed velocity will be greater during high water and
smaller during low wafer. However, the simplification is acceptable

as the tidal range is small compared to the mean depth.
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Division of flow at a junction has been computed by apply-
ing steady flow formula i.e., the Manning'se formula. But the flow
is a graduelly varied unsteady flow. Further, the computafional
time interval At, of 30 minutes is about 4% of the tidal period:

Henée, the simplification is not un-reasonable.

The freshwater discharges at the three upland boundary
sectionghave been assumed constant for a day. As those boundaries
are at non-tidal reaches of the rivérs,it will not introduce ~ - -

serious ' error into the.computation.

The water level elevationsat intermediate sections between

two gage stations have been determined by linear interpolation. As

the tidal. propagation is:gradually varied and- alope of the water..
level is . very small, the simplification. is:reasonable.~In_the absence

of extensive field data,” the.study is not possible without this
simplification.. ~ o

The basis of the cubature method is the continuity eguation
where flow ig assumed one dimensional. In reality, the flow is two
dimensional or even three dimensional. However, the assumption of

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

~ Finally, in spite of the above simplifications,lpresent
gtudy gﬁves an idea about the orﬁer of megnitudes of various para-
meters of tidal &haracteristics of the Meghna Delta, The resulfs
of present.study will be of immense value in any future study on
numerical modelling, sediment transport, salinify ete.
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CHAPTER - 6

CORCLUSIONS

; Conclusions from this study are summerized below:

Spring and neap rangeas decresse from east to west

2 al¢ng the coast of the Meghna Del ta.

\ Spring and neap high water levels decrease and 1ow

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 maximum ebdb velocity is
T 4.6y m/sec.

Tidal excursion increages with the decrease in combined
freshwater -flow- from Padma and- Meghna,———.

-

Tidal excursions of -about -22-km and- -18-km from the estuary -
entrance along the- ShahbaZPur —channel-has been- found during ‘spring
and neap tides in the study period.-

< ﬂ-"

e
-

The horizonral tide becomes ingignificant at the Padma-
Meghna confluence while the vertical tide crosses beyond Mawa and
Narsingdi in the Padma and the Meghna rivers respectively.

Residual diacharge is'lgfger over the neap-spring period
while smaller over the spring-neap period.

Residual discharge increases with the increase in fresh-
wvater discharge. ‘

Significant tidal pumping occurs between the Bptiya channel

end the Shahbazpur channel.
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