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ABSTRACT

The purpose of this study has been to assess salinity conditions
and its movement in Pus sur and Sibsa rivers. Salinity distributa-
tion in these rivers in time and space ,is primarily a function of
seawater salinity, tide and upland freshwater discharge. With no
remarkable variation in seawater salinity and tide from year to
year attention has been focussed mainly on changes is salinity
distribution due to variations in upland freshwater discharge.

The methodology included analysis of field data for presenta-
-~, tion of an overall picture of salinity conditions and its trend

of movement in the delta. However, the major endeavour was in an
analytical approach; with fundamental continuity, momentum and
salt balance equations; to generate data using a mathematical
model in the framework of a computer program. The presented
computer program formulated in FORTRAN-IV will compute salinity
at all stations in between Nabaganga and Kungafor any ~iven
hydro graph of Gorai-Madhumati and hourly water levels at Hiron
Point.



oj,

iv

Field data on salinity for the study have been collected.
from Bangladesh Water Development Board. and data on channel
geometry have been collected from Bangladesh Inland Water
Transport Authority.

To explore fully the characteristics of salinity intrusion
a well-planned scheme of field data collection as well as an
investigation of the effect of other dynamic properties of
the estuaries are necessary.

.. ~
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CHAPTER - 1

INTRODUCTION

1.1 General Information'
Bangladesh is a riverine, deltaic country with the Bay

IIof Bengal bordering its south. Salinity intrusion from the
sea is a problem during d~y seasons for the southwest region
of Bangladesh. With inc1~aSing use of natural freshwater
supply in rivers for human consumption, agriculture, industries,
etc., the problem will attain greater dimensions in years to
come.

To prevent inundatiJn of coastal areas by saline water a
very extensive set of polder projects known as the Coastal
Embankment Project was undertaken. After completion of the
project, a gross area of 3.5 million acres has been protected
from tidal inundation and reclaimed. To derive full project
benefit, supplemental irrigatio~ water along with conservation
and control of freshwater' supply is necessary for increased
agricultural production. The irrigation needs are mostly
during the dry season when the freshwater supply is low. The
first preference for this supply is fre-shwater from the rivers.
Considering the full irrigation development of Ganges-Kobadak,
Faridpur, Barisal, Ganges North Bank and other irrigation pro-
jects in southwest region, the water requirement during April
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will exceed the Elverage flow of the Ganges and Jamuna combined,
based on data of Bangladesh Water Development Board. This
dwindling of the freshwater supply will have a serious effect
in the southwest region as the saline front will be pushed
further north during the dry season.

1.2 Background Information on Salinity
In 1961 the International Engineering Company, Inc.(1964)

did the first salinity measurements of the coastal areas. In
1966 salinity study was qonducted by Leedshill-DeLeuw Engineer-
ing Company (1968) by collecting samples from 55 stations at
different times of the year. They considered 2000 micromho
electrical conducti vity to be the acceptable level of' salinity
for rice irrigation and presented a monthly movement ,)f2000
micromho salinity front as shown in Fig. 2. The United Nations
Hydrological Survey conducted salinity monitoring from October
1966 to September 1968. A multiple correlation study for sali-
nity prediction based on those data were carried out by Chidley
(1969). R.K. Bhuiya (1971) prepared a mathematical model for
salinity intrusion in the southwest region of Bangladesh based
on data obtained from an investigation of tidal phenomenon,

Ihydrology, channel morphology and sediment transport character-
istics in the area by ~ffiDECO(1967). The Special Studies
Directorate (1977) of Bangladesh Water Development Board made
a study by stochastic method on long and short range effects of
upstream diversion of freshwater on salinity intrusion.
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The short term effect was studied by comparing the base year
of 1967-'68 with the diversion years of 1975-'76 and 1976-'77.
The deduction from the study is that the salinity pattern in
the portion of the delta east of Gorai-Madhumati rivers are
largely independent of the flows in the Ganges and Gorai-
Madhumati rivers and, on the other hand, the Pussur estuary
to Khulna and beyond is completely dependent on freshwater
from the Gorai-Madhumati to prevent salinity intrusion. To
evaluate the long-term effect of upstream diversion, the effect
of 10, 20, 30 and 40 thousand cusecs of upstream diversion on
the historic discharge record at Gorai Railway Bridge ~as com-
puted and four modified flow records, reflecting each of these
diversion rates respectively, was synthesized. Regression
analysis of the average monthly historic discharge with maximum
monthly salinities at selected stations was made. The under-
lying assumption was that since salinity west of Gorai-Madhumati
depends largely on the discharge regime into the gorai offtake,
the prediction of salinity resolVes itself into prediction of
discharge. This analysis resulted in the correlcltion coeffi ••-:.,."
clent of various('stations 0

1.3 Importance of the Study
It is now extremely important to investigate fully the

seasonal advance and retreat of salinity fr?m the Bay of Bengal
wi th changes in various parameters, identify the areas .with
year-round acceptable salinity, analyze the magnitude of impact
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of possible proliferation of the problem and suggest specific
and well-planned studies for future. To gain the required
confidence in this regard the modern trend has been to start
from more elementary concepts and go into details by steps.
A hydraulic model can serve this purpose with enough flexibility
for subsequent incorporation of morphological and hydrological
complexities.

1.4 Scope and Objective of the Study
A single model for the southwest region extending from

the Indian border to the Meghna river will be too big to handle<
The mathematical model of R.K.Bhuiya for the area between the
Baleswar-Haringhata River and the Indian border is also too big

/v

to describe the sensitivity of the relatively smaller rivers
in the area. Special Studies Directorate (1978) of Bangladesh
Water Development Board after analyzing the available tidal and
salinity data indicated in their publication division of the
area into five distinct compartments which may be considered
somewhat independently. These compartments consist of north
to south strips about 20 to 25 miles wide and are given follow-
ing names (Fig. 1):

1• The Meghna-Tentulia Compartment
)-- 2. The Arial Khan-Barisal-Buriswar Compartment

3. The Gorai -Madhumati -.Baleswar Compartment.
4. The Nabaganga-Pussur Compartment
5. The Kobadak Compartment

~;'r .'<
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The present study is confined within the Nabaganga-Pussur
compartment. Attempts have been made to make the boundary of
the study area correspond to tidal null points. The major
rivers in the area are Pussur and Sibsa. In Pussur navigation
depths of about 15 to 30 ft are available upto Mongla (which
is a seaport) about 50 miles from the bay and about 10 feet on
upto Khulna, about 80 miles from the bay. Khulna is the princi-,
pal industrial and commercial center in the study area.

The primary aa~ of freshwater in the area in dry season
is from the Ganges through Gorai-r'ladhumatL The Mongla-Ghasiakh-,-"
ali canal provides a connection with the east and Sibsa with

by rffiDECO (1967).

appreciable freshwater because it has primarily an east_west
area. The Mongla-Ghasiokhali canal also brings no

the west. Sibsa does not contribute appreciable freshwater into
the area in dry season because the conals linking Sibsa with
Ganges dry up and there is almost no precipitation in the cateh-

orientation and that of the cotidal lines in the area too is
in the east-west direction which has been found from an study

ment



CHAPTER - 2

TIDAL DYNAMICS IN ESTUARIES

2.1 Characteristics of Tide in Estuaries
Physical concept of tide is that of an incident wave

entering the estuary from the sea. The entire wave motion
in the estuary is governed by the characteristics of the
ocean tide. The amplitude of the incident wave progressing
up the estuary is influenced by the geometry of the estuary
in several ways. In a convergent estuary the amplitude tends

-r
to increase, whereas wave reflection from side banks and boun-
dary friction has a negative effect on amplitude. In long est-
uaries with small bottom slope and witno~t physical obstructions,
the latter two effects may dominate and the tidal amplitude may
gradually diminish. The motion in such estuaries are character-

minimum at both low and high water slacks and is maximum in
when the width of the estu"ry is not too. large. Velocity is

• ; "1-',- .

varies with time and space, but may be considered one-dimensional
ized by shallow water progressive waves. Velocity in estuaries

between two slack waters. It is interesting to note that an
estuary may simultaneously have more than one slack.w::Jtersat
different points in space. The motion of water is from high
water slQck to low-water slack •. Schematic representntion 6f
sUch n situation issho~TI in Fig. 8 after ~l.GrantGross (1912)•
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2.2 Mathematical Model for Tide
Two dimensional quantitative representation of tide is

very complicated owing to complex influences of forces due
to sun and moon; reflec'tion, refraction and resonance caused
by land and subsurface topography; rotation of the earth;
frictional effects; density currents and such others. A one-
dimensional model is far more simpler to develop and has been
found adequate to simul?te tidal motion in estuaries which are
not very wide.

The tidal model described here was developed by C.B.
Vreugdenhil (1968) of Delft Hydraulics Laboratory. The model
can be conveniently applied to a system of channel network.
The computation requires a schematization procedure which
considers the flow system to be oonsisted of a number of storage
tanks, connected through by a number of channels. The channel
joining the storage tanks is assumed to have the average geo-
metrical and hydraulic properties which are only time dependent.
The storage tank is called a NODE and the channel joining the
storage tanks. is called a BRANCH. The. function of the node ..
can be visualized to accomodate all storage or mess transfer
effects while the branches Qccomodate the"hydraulic frictional
arid inertiaJ:""effects which exist between the two nodes.



8

In the node and branch computation techniquej the
following assumptions are made~

a) The water sUrface is horizontal in each node
b) Only p.uniform discharge exists along the entire

length of a branch at any instant
c) Water level vE;ries linearly from one node to the

adjacent nodes
'd) The' storage in each node is considered equQl to the

volume of the water in all branches issuing from that
node to a distance half way to its adjacent nodes.

Fig. 3 shows the physical,:inte:cPI'etQtionof the river
geometry and flow conditioD assumed .i;nthe node and branch
schematization. Fig, 4 showp the tiNe variations of the dis-

variations in cross~sectional area and roughneSS coefficient

••

~ 0 (2.2)

(2.1)• • •

charges ai'the branches and the water levels at the nodes
along a tY)J~.Ccdtriver reaGh, The lirriita;~ion of these assump-
tions is that each branch should be sufficiently srq}l so that

in the reach are not large,

. Q oQ2M -A~''" ,,:,. .,.. '*

1'he gyvel'ning eqvations qre the unsteady free :"..lrfoce
equations which can describe the main <:;hannelam;!.be.rm flows

~ ..' and can be expressed as follows.;"'.
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In equDtions 2.1 and 2.2, Q and H are the discharge and
''f'
\ w8.ter level.." q is the lateral di.Schnrge per unit distance

which enters the channel perpendicularly! T and A P~2 t~e
total top width and s::ross sectional flow cerea, K a~':', Mare

,.
water dens;Lty,. th" velocity cine! the Hanning roughness coeffi,,;,,

" cient, ,Evidently when the flow ;Lsassumed to be confined wIthin

the main channel M is eq~al to unity and Q1,Q3; v1,v
3
; A

1
,A

3
are all zeroes.

the conveyance and momentum cor;r0ction factors, g i;-~t''1e

gravitational acceleration, 'X a,nci t ar€~ the space Lind .J:ime

co-ordinates. rhe pan;:meter K 2nd M are defined as

Ki = 1,~ A.R~/3
,e ~ ~ ...~

~ 0 ':': ... (2.3)l l ';" ';;'N~
'J.

3
L !?Q.V.

M i = 1 l l

(2.4)= ~ f' It. ... ••• "" "
)?QV

y- 3 Q£ Q. V r)
(2.5)Q = and = ~~ = .-_.-..

~ ~ c ...i=1 l 3 A
Z A
i=1 ~

t. .•..
.' -

The term ,p "v and.N are respecti v'!ly the

In equEltiops 2'13, 2.4 an<i?-.5, the subscri_pt i _5 the

index number of the subsections of the river cross ~0ction.

and right berm,
',;.

The subsection nos, 1,',2 and 3 are thelef1'; berm, m:::in channel
'\

t
,i; ,

.....l
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"1 ..

.
2.2.1 Reduced.Forms of Continuity and Momentum Equations for

the Node and Branch Model
~.-~-.-.

Equations 2.1 and 2.2 are the continuity and momentum
equations which describe conti~uous variations of discharges
and water levels with respect to time and space co~ordinates.
Using the concept of the node and branch schematization, the
river cross section and the flow condition are considered as
time. dependent functions and are uniform within space interval
as shown in Figs. 3 and 4. To make Eqs. 2.1 dnd 2.2 consis-
tent with the node and branch schemc,tization, the partial
differentiation with respect to the space coJordinate, x, is

\;"""(:- ~',;

replaced by the linear chJnges of wElter levels, discharges or
cross sectional areas, etc., with respect to the distance JIong
the branch. The equations are thus reduced to partial differen_
tiation equ2,tions with respect to time alone and can be ch:mged
to the total differential equations with respect to time.

. i.

From Eq. 2.1 the continuity equation for a node can be
expressed as

dH
=-"": Idt ... ... ... (2.6)

where F is the surface area of the node which equals to one
half of the sum of the surface areas of the branches issuing
from the node to the adjacent nodes, ;[Qin and ~ Qout are the
summation of the discharges into and out from the node. The
other parameters are previously defined.

.1
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Similarly, the momentum equc,tion in Eq. 2.2 can be written+ as
dg
dt

MO..T [(LOin-. I °out) (LOin -. LOout) ].
= - ------- node 1 + --------- node 2

A F
1

F2
+ M0

2
(A -A )- Q2(M -1'1 )_ gA(H -H )_ gAotol •••

14.21 2 1 .... 2 1 1 2 1 3
AL (:z. K,)2

li=1
where A

14.1 + 14.2= 2

T
T1 + T2= 2

11 =

K.=
l

i =

M1 + M2

2

(K,) + (K
i
)

l 1 2

2

1,2,3 I
I

section number either of the berm or the main channel.
stream locations of the branch of length 1, and i is the sub-

In transforming the continuity and momentum equations in.,
Eqs. 2.6 and 2.7 to the finite difference equations, the

(2.8)......dH J--- "'.0
dt ..

.t+/st

,)

"

I~

The subscripts 1 2nd 2 designate the upstream [)nd down-

= (1-8) dHj + 8
dt
t

following finite difference schemes are used.

L!..H
6t'



+
LiQ
6t

= (1-8)
dQ
dt t

+ e
dQ

dt t+ At
... ... ...
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In Eqs. 2.8 and 2.9, llH and L:>Q 2,re the incremental

changes in the discharge and water level within the time

interval D t, & is the weighting factor, the subscripts t and

t +~t are the times at the beginning and at the end of the

period L;,t. For explicit computation, e is equal to zero.

When e is taken as unity, the computation is fully implicit.
I

In general, Vreugdenhil (1968) suggested that G should be

taken as 0.55 for numerical' st'Jbility and accuracy in thee
implicit computation.

After substituting E~:, 2.8 and 2.9 into the continuity
and momentum equations as expressed in Eqs. 2.6 cmd 2.7 and

the equntions obtained are lineQrized assuming the products

.of wnter level and discharge increments, e.g. (ll.H)2, ( L:>Q)2

and (6H • .6Q) are negligible. This is true only when the

values of t:>Q'sand DH's are small within the time b.t.

The process of linearization is required to enQbIe the non-
,

linear finite difference continuity and momentum equations to

be transformed to the set of linear equations which can be

solved further simultaneously using matrix inversion or other

iterntion techniques. A set of finite difference continuity

ilndmomentum equntion for the nodes and branches in the

schematized river system cnn be expressed as



BC1 1 AH1+ •••eC1 AH +8C1 1Ll.Q1.Ii • ".
ec 6Q = D1, -,' ,n n ,n+ 0 1,n+m . m. ... •

eCn,1~1 + •••BC AH +ec 16Q1 ec AQ = Dn,n n n,n+ n,TI+m m n

ec ~ 1AH1+ •••n+ f ,

ec + 1~H1+n m,

BC' AH +BC nQn4:;'I,nI!l n+1,n+1. 1
. .

ec till +8C ' AQn+m,n n n+m,n+1 1
...

13

.
ec A.0 =DO. n+m,n+m In n+m
;'.. (2.10)

where nand m are respectively the numbers of nodes and branches
in the schem"tized river system.
;-J.bove

The coefficients C. . in thel,J
equations are the function of water levels, discharges,

"",',

river geometry and roughness coc,fficients which are known from
the initial conditions or from the previous step of computation.

To solveequation 2.1,0 E'xplicitly, e, h~sto be ,t"ken "s
zero. In that Cilse, the increments of water levels and dis-
ch8riSes ilre solved using the known flow conditions ilttime

.. - . - -"

t i.e., from the previous step of computation or from the ini~
I,.. .,: "

tial condition, ,for the nodes and branches far from the boundaries.
For the nodes!'fmd branches located next to,the. 9oundaries; the
'computation includes the boundary conditions given at i,;~eboun-
dory points at time t+ At.

For'an i6plicit computation Le., e is taken equal to
0.55, the water level and discharge increments 'in Eq. 2.10
can be solved'using matrix inversion. Thematrix'representa-



2.2.1.1 Method of Solution

process developed in the present study similQr to the Gauss Seidel

..--.-~;'."'-'-',~

~1

Dn

c c.Q = Dn+m,n+m m n+m
.~.~ ..... (2.11)...

8C AH +C ~Q + ec bQ = Dn+1,n n n+1,n+1 1 •• n+1,n+m m .n+1

where[CJis the coefficient matrix, [X]is the unknown matrix con-

sisting of 2.11 LlHIS and /l.Q IS, ED] is the unknown matrix on the
right hand side of Eq. 2.10.

ved the model stability as regard to the time. step which imposes

The numerical solutions are obtained through the iterQtion

serious restriction on the explicit scheme. On the simplicity

of the comput:'.tionelproc0dure the itoretion process hes shown

its edvantage over the implicit scheme in solving the unsteady

the developed method in this study can be given as follows:-

free surf3.ce flow equations describing river flows in complic.::tted

river networks. The procedure of solving the river flow using

Method. The iterotion process is developed through the combina-
...J
) tion of the explicit Qnd implicit schemesD The method has impro-

-{- tion of Eq. 2.10 can be written as

[cJIx] = [DJ
or (x}= [cr1 [D}
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Eq. 2.11 consists of n unknowns in the continuity equations
-1- and m unknowns in the momentum equa tions. The method of solving,

equation in Eq. 2.11.

= D1

= DZ
= Dn

•.••(2 •12)
= Dn+1

= Dn+2

= Dn+m

The same procedure is also used in determining bH's for all

• C t>.Qn+2,n+Z Z

'C2,2.6 HZ

'C L'>HnSln n

Step 1 Putting e = 0 (explicit), Eq. 2.11 can be written
in the form

In Eq. 2.12, L::>H andAQ can be solved explicitly of all nodes

the equations are as follows:

'C AQn+m,n+m Tn

and branches.

Step 2 Putting e = 0.55
a).tl H. is computed from the continuity equQtion of node il

by substituting AH1 '••• L1H. 1 ,AH. 1-••• .6H and AQ1, •.• AQl- l+ n _ m
determined from explicit computation in step 1 into the continuity

-J..
I
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b) ~Oj is computed from the momentum equation of br2nch j by
substituting bH1, ••• 1l. Hn and .6.°1, ••• 60

j
_1, b.0j+1, •.• lJ. Om

determined from explicit computation in step 1 into the momentum
equation in Eq. 2.11.

The same procedure is also used in determining bO's for all
branches.

step 3 Putting e = 0.55
a) A H. is recomputed from the continuity equation of node il

by substituting t'lH1, ••• AH. l' 4H. ~, ••• a.H ,md °1, ••• Om. l- l+ I . n

determined from step 2 into the corresponding continuity equation
in Eq. 2.11 .

.J The same procedure is 81so used in determining,6.H' s for 211
nodes.

Ib) ~Q. is computed from th~rnomentum equation of branch j byJ
substi tuting L;H1, ••• LIH ,md 1l.01' '" 6 0. 1',6,. 0. 1"" c.0n J- J+ m
determined from step 2 into the corresponding momentw~ equation
in Eq. 2.11.

The sarne procedure is 21so used in determining ~Q's for all
branches.

.

Step 4 Difference between AH's and AQ's obtained from step 2
and step 3 for each node each branch is checked to see whether

occurs, the value of At has to be reduced.
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been developed considering the,

2.2.2 Grid Model
To describe flow condition in!Kunga

Iestuary

estuary a grid model has
to be a single channel

reach from Jefford Point to the tonfluence of Hansraj,Kunga and
Pus sur rivers. The governing eq~ations which are used in des-

cribing the river flow are written as;-

(2.14)...
...

= 0

...
+ g+ gA

oHTot-q=O

dO + 20 '00
"t AOX-

00-+'Ox

- _.(

~f ..2- [ f(P' )+f(O') f(P)+f(O) ]- ..
ot =

(2.15)

At 2 2

of 1
[r(QI) - f(P' )]=

(2.16)

c>x Ax

f = ~ If(P') +f(QI)] . . . ... (2.17)

either disch,Jxge or water level, 6,x and b.t are ,the sp'Jce and time

increments used in the numerical computation.

the following finite difference approximutions of implicit

scheme, as referred to Fig. 5 are used

Y In the above equations, f is the dependent variable which can be

Since there ilre 110 overbank spill[:cgcs or return flows in the

J;' reach described by the Grid Model, the l,,,teraldischarge q is
1

dropped out from Eq. 2.13. In solving the governing equations,
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Refering to Fig. 5 for 2 small increment of time At, the linear
relationship may be approximated in the following way,

f(P') = f(P) + ~f(P)
f(Q') = f(Q) + Af(Q)

• • •
...

.~. (2.18)
(2.19)

In Eqs. 2.18 and 2.19, ~f(P) and~f(Q) are small increments
of f at the grid points P and Q respectively. They are so small
that the square and the higher powers of their values can be-_ .•..

neglected. Using the above linearization Eqs. 2.15, 2.16 and 2.17
respectively become

{~ cH 1
Af( Q)J-- = [Af(P) + ... ... ., . (2.20)/ :2Jt 2b>.t

"6f 1
[{f(Q) - f(P)J +i6f(Q)-Af(P)J]=

• 0 ~ (2.21)dX Ax

f = -.;-t{f(P) + f(Q)} +[6f(P) + .6f(Q)~ J ••• (2.22)

Using Eqs. 2.20, 2.21, cmd 2.22" the continuity and momentum
equations can be transferred into UNO lineQr difference equations.
The following are the linearized continuity and momentum equations
for the grid PQQ'P' as shown in Fig. 5.

Substi tuting Eqs. 2.20, 2.21 ;"nd ;".22 into Eq. 2.13 "end simplify-
ing we get the following finite difference continuity equations
C(P,Q)&H(P)+D(P,Q)b.H(Q)+E(P,Q)6Q(P)+F(P,Q)AQ(Q)+K(P,Q) = 0 •••(2.23) ".,

>.f! '.~.' "



In Eq. 2.23
= [ T(P);T(O) J6X'J{

C(p,O) = D(P,O),

E(P,O) = - F(P,O) = - 2L1.t

K(P,O) = 2~t[0(0) - O(p)J

Simil~rly, substituting Eqs. 2.20, 2.21 and 2.22 into Eq. 2.14

and simplifying we get the finite difference momentum equstion

C' (p,O) L:lH(P)+D' (p,O)AH(O)+E' (P,O) dO(P)+F' (p,O) 60(0)+K' (p,O) = °
C' (p,O) = - g ~t {A(P)+A(O)}

D' (p,O) = gAt{ A(P)+ A(O)1

• • • ....

IQ(P)+O( 0)1

O(P)+O(O)

8 AtQ(o)
F'(P,O) =Ax +

A(P)+AQ)

2 6t {A(Q)-A.(p;Ho(p)+0(0)12

{A(P) + A(Q){2

~O(p)+O(Q)f 4L:\.t[A(0) - A(P)}tO(P)+O(O)}

O(P)+O(O) {A(P)+A(0)}2

46tU.Q(Q)} 2 -IO(P)} ~
---------- .•. g 6t{ A(P)+A(O)].

A(P) + A(O)

24/3g Ax t> tN2 { O(p)+O( 0) ~ 2

+ {A(P)+A(O)H ]{(P)+R(Qjf13

jO(P)+O( Q)I
O(P)+Q(Q)

{H(O)-H(P)]

86tO(P) 27/3gb,x6tt?- lQ(P)+Q(Q)j
=.6.x - ---- + 413 •

A(P) +A(Q) [A(P) +A(O)}{R(P) +R(Q);

4At {A(O)-A(P)~ {O(P)+O(O)}

iA(P)+A(0)}2

27/3g Ax DtrP tQ(p)+Q(O)}

I {A(P)+A(Q)JtR(P)+R(Ojf13

E' (p,o)

K' (p,O) =

~..
I



20

In the above derivQtions, the symbols in the br~ckets are
referred to the co-ordiqates in fig.5.

The values of the coefficients C(P,O).,K(P,O) and C'(P,O) ••
K'(P,O) of Eqs. 2,23 and 2.24 respectively are the functions of
known quantities such asAx; At, N ,g, as well as the discharges,
water levels and the geometry of the cross sections at the current
time t. These coefficients are either obtained from the initial
conditions or from the previous step of computation.

2.2.2.1 Method of Solution
~ In solving for the nwnerical solutions of~the governing equations,
/

the finite difference equations like Eqs. 2.23 and 2.24 are written
for every grid from upstrcQl11to downstream, The total number of
equations are equal to the number of grids i.e., NG while the.number
of unknowns exceeds the number of equetions by two i. e., NG+2.
Therefore two unknowns must be given beforehand e.g., at each
boundary of the model the discharge or water level hydrographs must
be given. The number of unknowns is then reduced equal to -the number
of equations. ThE unknowns.are thus solved simUltane,pUsly through
the uses of the technique called "Double Sweepl'lethOd".

f Referring to Fig. 6 the boundary condition is given at G,thus,
the known parameters are AH(G), at any time nAt, so as AH(X).
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Writing Eq. 2.23 for Grid GPP'G',
I.'

c( G, p) AR( G)+D( G,p).D. H(P)+E( G,p)£). Q(G)+F( G,p) t:. Q(p) +K(G, p) = 0

... .•• . .. (2.25)

Substituting the value of~H(G) into Eq. 2.25 and let

J(G,p) = K(G,P) + C(G,P)L\.H(G) .

We shall have,

D(G,P)6H(P)+E(G,P) L'>.Q(G)+F(G,P) 6Q(P)+J(G,P) = 0 •• • (2.26)

Similarly, from Eq. 2.24 for the same grid, we have,

,
J

C' (G,P).L':l.H(G) . +D' (G,P),c,H(P)+E' (G,p)AQ(G)+F' (G,P).t:.Q(P)+

K' (G,P) = 0 ••• ••• ••• ••• (2.27)

Eliminating A Q(G) in Eqs. 2.26 and 2.28 by multiplying

Eq.2.26 by E'(G,P) and Eq. 2.28 by - E(G,P), adding the two

D' (G,P).6.H(P)+E' (G,p)l\ Q(G)+F' (G,p) bQ(P)+J' (G,P) = 0 •••(2.28)

.. '.......

Subsituting the vslue ofAH(G), and letting

J' (G,P) = K' (G,p) + C' (G,P)l::,H(G)

we get,

equations results to

~Q(P) ="1 (G,p) H(P) +,8 (G,p)

D'E - DE'

L.PI}( where, 'I (G,p) =
FE' - F'E

J'E - JE' .

1(G,PI.f3 (G,P) =
FE'. - F'E
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Writing Eqs. 2.23 and 2.24 for the next Grid POO'P',

C(P,O) L:l.H(P)+D(P,O)AH(O)+E(P,O) .6.0(P)+F(P,O) L'.O(O)+K(P,O) = 0

• •• • • • ••• (2.30)

C' (P,O)L:.H(P)+D' (P,O)bH(O)+E' (P,O) AO(P)+F' (P,O) 1:;O(O)+K' (P,O) = 0
Substituting ~O(P) from Eq.2.29 into Eqs.2.30 & ~"(2.J1)

2.31, eliminating b. H(P), and solving A O(0) In' terms Of bH( 6);
[> 0(0) = e (P,O)..6.H(O) +W.(P,O) ••• ••• ••• (2.32)

where,
D' (C+E)I) D(C'+E')! )-

e(p,o) =

F(C'+E't) - F'(C+Ey )

D' = D' (P,O) D = D(P,O)

C' = c' (P,O) C = C(P,O)

E' = E' (::',0) E = E(p,e)

F' = F' (P,O) F = F(P,O)
~(= 'Y (G,p)

~K'+E'B )(C+E)- (K+Ee, )(C'.j-E',B)
~ (p, 0) = ---------------

Simi12rly for Grid ORR'.O', we have the rJ,18tiorlship,.

D' [C.+ES(P,O)J,..D [C"+E' S (P,O)]

F [C'+E'8 (P,O»)- F' (C+E S(P,O)]

[K'+E'uJ(P,O)][C+Ee(F,O)] -[)I..+E(,,)(F,O») [C'+E'e(p,O)]

F[C'+E'e(p,O)] - F:[ C+Ee(F,O)]

• • •• • •...

K' =K' (P,O)

F(C'+E'y ) - F' (C+Ey)
6 = f3 (G,p)
K = K(P,O)

60(R) = e(O,R)AH(R)+(..J(O,R)
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~' Similnr equntions cnn be written successively for every grid
from grid GPP'G' to grid WXX'W'.

Therefore, for the last Grid WXX'W'. at the model boundary
we shall have
AQ(X) = e (W,X)AH(X) +W(W,X) ••• ... •••

In Eq. 2.34. L\.H(X) is known from the given boundary condition.
The values of e(w,x) and W (W,X) can be computed using the villues
of e( u ,W) and 6.) (U ,W) from the previous grid U \'fW'U '. Hnving
these known parameters, the value of ~Q(X) cnn be solved directly

)- from ECj. 2.34.

Referring c,gcin to Eqs. 2.30 2nd 2.31, we elimin2te .6Q(p) by
multiplying Eq. 2.30 by E'(P,Q) and Eq. 2.31 by - E(P,Q), solving
for ,6H(P) we can get, '!
,6H(P) = L(P,Q).6H(Q) + M(P,Q).6 Q(Q)+N(P,Q)

() D'E - DE'where, L P,Q = GEt _ GtE
(2.35)

From Eq. 2.35,6H(P) C2n be determined provided that the valuos
of L\,H(Q) [md 6, Q(Q) are known.

liI(P,Q) =

N(P,Q) = KtE KEt I
GE' ~ G:E

. (p,Q)
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The computation can be processed upto the grid GPP'G' in

which ,60(G) is the only unknown. Since the values of e(J~11)

and (,) (Jr'.11) are known.making possible for the determination of'

.t:.. O(G), Qt grid G'PplG' from Eqs. 2.25 and 2.26.

2.2.2.1.1 Procedure

a) From the initial condition and physical data of the riv0r, we

can compute the values of C,D,E,F,K and C',D',E',F',K' the coeffi-

cients of the equations like Eqs. 2.25 and 2.26 for every grid.

b) Vie can obtain the values ofL',H(G) for en increment of time

£::, t, from the given boundary concHtion.

c) We can compute the values of Y and 13" the coefficients of

Eq. 2.29, e's and GJ's the coefficients of the equations like Eqs.

~ 2.32, 2.33 for every grid.

d) We can compute the v2lues of L, 1"1and N, the coefficients of

the equations like Eq. 2.35 for every grid.

e) From the given boundary condition a.t X', ,6.H(X) can be

obtained and Li,.Q(X) can be computed from Eq. 2.34.

f) vie can compute b,H(1'!) from the equation like Eq. 2.35 and

~Q(W) from the equation like Eq. 2.34.

g) steps (e) ,md (f) are repeated from grid to grid until the

grid GPP'G' is reached. In this grid the value of.~Q(G) is computed

from Eqs. 2.25 & 2,26 with unknown values of ..6.H(P) ,.6.Q(p) & bH( G) ,

LO(G~ = .x. H(P) + j30(p) + V
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where,
CD' - C'D

CE' - C'E

CF' - F'C
/3=---

CE' - C'E
CK' - C'K

v =
CE' - C'E

Similar procedure is used when the given boundary condition at
G is the discharge.

h) The values of Q and H at time t+ ~t are computed by adding
,0,Qand 6H at each grid point to their values of Q and H at time
t respectively. The values of Q and H at the locations between
any two grid points can be obtained by interpolating the values

desired.

following approach.

2.2.3 Connection of Node and Branch Model and Grid Model

. ,

(2.36)...

The node and branch model is connected with the grid model at

Writing the equation for Q(JMAX), using Eq. 2.34 for the grid

at these grid points.
i) Tho valuES of Hand Q are used 'ltevery grid point in (h) as

the initial condition and steps (a) to (h) are repeated as far as

the confluence of Hansraj, Kunga and Passur rivers using the

model, we got 6Q(JMAX) = e( JM1).6 H(JMAX) + W (JM1)
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Where .J~1AXis the number
and (JJ\'IAX-1).

,
ofl grid between the grid points

I,
I

JI\lIAX

For the Node and Branch model, writing the continuity equstion
for the node number 1 at the ebovementioned confluence referring
to Eq. 2.10 and Fig. 7.

b Hi ~ (Q1+Q2+Q3 -OJ!1AX)+AC,Q1+ 1'.. .6. Q2+ 7'-.6 Q3 - b. 0JMAX
At F1

.'•... (2.37)

where 01' 02 and Q3 ere flows in the branches which meet et node
1, F1 is the surface ares.of node 1, cmd A is the weighting factor
equal to 0.55.

Letting H1 ~ H(JJ\'IAX)or t-,.H1 ~ .6.H(JMAX) ~ .6.H
A ~ Q1+)..f>Q1+Q2+A6Q2+Q3+AL} Q3-Q(JMAX) and B ~

Eqs. 2.36 and 2.37 can be rewritten GS,
A6Q +BbH ~ A
£,Q + e(JMAX)~H ~ - (}.)(JM1)

Eqs. 2.38 and 2.39 m2ke up the equations for connecting the Node and
Branch model and Grid model. The paramters A and B are computed
from the Node and Branch model while the parameters e and 6U are
computed from the Grid model.

(2.38)

...

......

...•••

...

8(JI11)A -B

A + (..)(JM1)A
6.H ~ -----

B - e(JM1) A-
fee (JM1)+W( JM1 )B.6.Q~--------

Solving DQ and ~H simultaneously we get



CHAPTER - 3

~-
. \

SALINITY INTRUSION IN ESTUARIES

:,.'

3.1 Internal Flow Processes

Two extreme cases arise for salinity intrusions in estuaries

as a result of either minimal tidal action or intensive mixing

produced by tidal currents. The first type is termed 'stratified

estuary' and the second type 'mixed estuary'. Schematic representa-

tion of both types are shown in Fig. 9 as given by A.T. Ippen (1966).

In stratified estuary river water being less dense than seawater

flows as upper layer. Due te frictional drag it entrains seawater

~ from below. Mixed water being less dense than seawater, the pro-

cess is irreversible, and subsurface layer moves inland to replace

sea-ward-flowing saltwater entrained in the upper layer. The flow

profile is divided into two distinct portions. In the lower layer

salinity is practically the same as in the ocean and is referred

to as salinity wedge. The action of this wedge may be compared

hydraulically to a long weir, over which the freshwater discharges

to the sea.- There is no net flow within the wedge in a stationary

position; the salt water Q moving upstream near the bottom is balan-s
ced by the flow Q moving seaward. 0 is decreasing in the upstreams s
direction as if in a converging conduit with a porous upper boundary.

This system of flow is dynamically dependent on the hydrostatic

pressures, which are also indicated in Fig. 9 for the ends of the

intrusion. It is seen that at station (1.) the pressure correspond-
l
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ing to depth h is augmented by a constant amount 'l~h due to the
.;{- rise in water level needed to overcome the excess pressure( Y - Y)hs so

= t>Yhso due to salinity in the wedge at station 10• These forces
must always give rise to a moment which is related to the circula_"
tion and to the rate of change of momentum of the fluid masses invol-
ved in the horizontal direction. Since the longitudinal pressure
gradients vary over the depth, the shape of the velocity distribu-
tion is readily apparent.

Estuarine conditions with stratified flow may prevail in the
absence of or with only weak tidal action, giving a stable salinity
wedge with a well-defined interface. The large density difference
between fresh and seawater is capable of suppressing largely tur-
bulent mixing and interfacial waves at the interface.

Some estuaries may display the completely stratified character
only at certain favourable times, while at other times unusually,
high tides, turbulence by wave action, low fresh-water flows,and
wind induced currents produce a more mixed condition. Certain
differences between this type of salinity intrusion and that of
the saline wedge are clearly evident. The intrusion cannot be
identified by a clearly defined boundary such as the interface, but
is only artificially expressed by a line indicating the local mean
values of the salinity C over the intrusion length averaged over, x
a tidal period and over the depth. It is important to note that the
density currents still generated due to longitUdinal and vertical
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salinity gradients 2re now inextricably coupled to the mixing
process produced by tidal shear flows, Tidal velocities greatly
exceed the density currents in magnitude, but even weak currents
due to salinity gradients greatly enhance the internal diffusion
process. In an extreme case of mixing the interface becomes verti-

=

cal. Langeweg and Van Weerden (1976) introduced estuary number as
Pt Fo2

a measure of the degree of mixing. Estuery number = -----,
U Qs T

max 5---------. If estuary number> 0.1 9 it indicates well-mixedFa

estuary.
\

.7-
3.2 Mathematical Model for Salinity Intrusion

Mathematical representation of saline wedge characteristics
can be done fairly accur2tely j.n str2tified flow. Length of the

at the river muuth h and the distanc4 L .in terms of wedge lengthso \,.

Ls' Table 1 gives affine sh,rpe of arrested'. saline wedge,. which is
independent of salinity of seawoter, freshw2iei'cdischarge, dep:t;h,

.! .

Ippen (1966) as

...
-5/2

l
i--'

wedge at ebb tide is given by A.T.

6Df~Dor [~:f=Ls

the height of salt wedge hs in termS of the height of the wedge
The re12tionship of affineness of wedge is obtained by express-

saline

ing

\-rhere J-.
v~2 - A

t> =, Pm

•.1(



.to ..

30

J,.e width and kinematic viscosity. The location of saline wedge at

any other time is given by the excursion of tide.

In mixed and inter-connected estuaries such simple relationships

cannot be developed. In general termsl salinity distribution is an
unsteady, three dimensional problem. That is C = f(x,y,.z,t).

Holley and Harleman (1965) gave the following general equation to

describe the process of mass transfer and mass conservation of a
substance in a turbulent flow field.

6C dC ()C <JC
~(

'dc l( oC-~+ u + v + w = e -)+ ey ~)+'dt 'Ox dy " 6X x C'lx Oy(! Z
\

d 'dc)..
/

( -)+r -e r. (J.2)C', z z dz a "r •••

where ra and rr are non-advective rates of addition of salinity
and withdrawal of salinity respectively.

The first term in equation 3.2 is the unsteady part. The other

terms on the left represent the mass transfer by the advective
;

motion of the fluid. The first three terms on the right hand side

of equation 3.2 repre~ent the non~advective turbulent diffusion.

The forced:diffusion induced by the pressure gradient due to density

difference in the fluid media and the thermal diffusion due to tem-
.~ perature gradient has not been considered.

It is generally afreed.that n0211aliticill'methods",have yet been
developed to handle the thrrce dimensional problem, and trcmsverse
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vGriations (at right angles to longitudinal axis) are ignored.
<

-1 The mathematical formulation of the unsteady, two-dimensional
problem requires four partial differential equations:

1. Equation of motion in longitudinal direction
2. Equation of motion in vertical direction
3. Continuity equation and
4. Conservation of mass equation for salt.

Various investigators have worked on this problem using a wide
v~riety of simplifying assumptions. However, it must be concluded
that these attempts have so far not yielded an analytical framework

, I

)c or a formulation of the boundary conditions which are capable of
predicting the effect of chang0s in one or more of the many indepen-:-
dent parameters which affect the salinity distribution., Further

I
consideration will therefore be restricted to the unsteady, one

most estuaries have been found adequate.

• • •• ••"...dC
(EA __ )

(JX

1

A
=

dimensional problem and since the predominant flow in an estuary
is in the longitudinal direction, a one-dimensional treatment in

~y'integrating equation 3.2 OVer the cross-sectional area
Holley and Harleman (1965) derived for one-dimensional case

dC _,.' dC
.........-.-+Uat 'Ox
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,Equation 3.3 is parabolic ,partial differential equation of
the second order which requires the known initial and boundary
conditions for its solution. For rectangular channels ,with simple
sinusoidal tide J'"T. Ippen (1966) d0rived the following equations

.•• <3.4)
2 E' Bo

'h uo ,
a![ T

aG, (1-c-, cos O't)-

= exp [-
C(x,t)

with N =

analytically to describe sanility with distance and time.
2

{, _ "-x)";:- (1-00e«), B)]
2rr.

'>' C
o

- 1)B =
ho UOffiuX (~O

ao ~

1.486 R 1/6
o

For' estu2ries with var,iable cross-sectionFll areas and non-linear
tidal propagation solution of the mass conservation equation is
possible only by the numerical method. The solution of mass con-
servation equation has b0en of increi,sing interest. Lee (1970)

developed a model for water quality using the six-point stone and
Brian operator in explicit scheme. Bella and Dobbin (1967) pro-
posed a model of mass transfer and mass conservation processes in
estuaries and rivers by a mass balance approach directly in finite
difference terms. Grlob (1967) developed a water quality model for
San Francisco Bay and Delta which is being used in the present
problem of salinity intrusion.
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According to the numerical scbeme of Grlob the cho.nnels were
discretized into a number of reo.ches and therefore equation (3.3)
can be integrated with respect to x to give the mass conservation
in each channel reach as

'oM dC
= Qc - AE ••• • •• • ••

()t dx
where M = mass of salinity in a given reach.

... U.5)

The solution of equation 3.5 can be best approached by the numeri-

at the ,node' while the mass advection and diffusion occur through
\ oal methods. The mass continuity in the model CEm be maintained
c-r.

the channel. Since the tidal propo.gation is the cause of mass con-
servation and mass transfer process in an estuary the numerical
solution of both hydraulic and salinity propagation should follow
simultaLeously. Equation 3.5 in finite difference form.

L::IMn
0.t

= C Ql- - A_E,
l l ••• ... ... U.6)

C, may be taken as difference of concentration between the
l

nodes at two ends of the channels i, and Xi is the length
of tho chcmnel. The C, is the represente.tive concentrat,ion at
which the n,te of 2dvection is tGking place. Grlob et al in their

In

......
of C by the quarter

\a flI'st order equotion.

..'.
4

th2 estimCltion
+ Ck

best produces the mass advection in

-point method such as C =

study of Suisan Bay found

equotionU.7) Cn is the mass concentr2tion at the npde',,--under
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consideration 2nd Ck is the mass concentration at the other

.~, node of the channel under consideration.

The longitudinal dispersion co-efficient Ei; is the parameter

to be calibrated in the salinity model. However, the dispersion

"'- co-efficien t for a river varies with location as well as time.

<"~hatcher EmdHarleman (1972) suggested the following expression

U.8)......
for E, I d C I

E(x,t) = K1Nu R5/6 + K2 . { •.•
.' dX I

where K1 [NilJand K2[(ft
2/sec)/(ppm/ft»)are co-efficients to be

calibrated. The term K1Nu R5/6 rep:'_'esents the dispersion contribu-

ted by the tidal current while the term K2 ~~;faccounts for the

effects of density gradient. It h,3s been found that the co-efficient

I
lit:

K1 genercllly has a value between 100 and 600 for naturel rivers;

K2 varic:s wicJely from river to ri.ver.

/\ . ----' ..-
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CHAPTER - 4

HYDRAULIC AND SALINITY CHARACTERISTICS OF
GORAI-Mi\DHUMiiTI-SIBSA-PUSSURRIVE~ SYSTEM

4.1 Hydraulic Characteristics
The study area is largely affected by tidal fluctuation.

The tidal limit extends as far upst1eam as Bheramara during low
water months. During the monsoon period the tidal fluctuation

lcannot propagate so far inland due ~o large amount of freshwater
,flow. In general the factors affec~ing the tidal propagation in

the estuaries are tides in shoaling bay, the geometry of the channel
through which the tides are propagated, roughness characteristics

,
,~ of the channel, upland discharge, transport properties of the channel

bed material, meteorological effects and bars characterising the
coastal processes at entrance of channel. I

Tides in Bangladesh are semi-diurnal, i.e., consisting of two
high water and two low water in a day. There is a variation of the
amplitudes of two tides in a day and such tides are called mixed
tides. J~plitude of tide is highest during a new moon or a full
moon and the tide is called spring tide. Amplitude of tide is
least during the first quarter or third quarter of the moon and
the tide is called neap tide. Fig. 10 gives the tidal water levels

.~ observed in 1978 at Hiron Point. The tide originates at the Indian
Ocean and travels very fast through the Bay of Bengal. Sea level
variation affects the tide. Apart from the seasonal variation of
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the freshwater discharge, the sea level variation is mainly
due to the southwesterly monsoon. The friction force exerted

+. by the monsoon on the surface of the water causes it to rise in
the northeasterly direction of the Bay of Bengal. This variation
of sea level is about one foot at the" mouth of Kunga.

,I
1,1

The channel morphology, roughness and transport properties
of the river bed in the area are mainly those of al:luvi.alrivers.
The channels are both straight and meandering types ,vith bifurca-
tions and connective links whiChl make the crisscrossed channel

I
pattern. The slope is less than' six inches per mile. From the
study of NEDECO (1967) it has been found that the chonnel beds
are mostly composed of fine silt with an average dSO values of
0.1 mm. The main rivers have the d90 values higher than those of
the small streams. Lgain the dg'O value s are highET neilr the coast

•than inland. The "apparent roughness" which is the total effect
of the roughness due to grain size and bed form is higher in inland
than coastal areas. The resistcince parameter as defined by the
Manning's roughness coefficient has a vulue of 0.05 at the inland
cha~~els decreasing to 0.02 for the channels near the bay.

The prototype area under consideration is in the general
influence of the Ganges River. The Gorai-Madhumati is the primary
distributary carrying the spill water of the Ganges into the area.

-\ There is practiC'\lly no rainfall duri.ng the dry months of December
through February. The ground water da,te of the area under study
is not available.

..
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4.2 Salinity Characteristics

The Bay of Bengal is the source of saline water in the coastal
areas of Bangladesh. Heavy monsoon flooding prevents the saline
water from intruding too far0inland. But during the dry season
the tidal flow carries the saline water inland against the rela-
tively srrwll freshwater discharge. The variQtion of the hydrologic
conclitions of the area in space 2,nd time causes the salinity to be
dynamic in spe,ce and time. The salinity starts penetrating inland
from November and moves farthest inland during April and May. Then
with the start of high flow, the salinity starts retreating. In
19G8 the lowest flow in April did not show the farthest penl2tr2,tion
of' senility. Instead, May was the worst month of salinity. This was
because the sea level is higher during May than l'pril. Figure 11 to
16 presents salinity condition of the south--west delte at vClrious
times. With respect to highwater and lowwater there is generally
a varie',tionof salinity at a section. This C2n be SE,en in Figures
17 ,md 18, but this periodic f'luctuation of salinity may not be f'ound
in case of' low salinity as shown in Figure 19 or very high salinity
nCe',rthe estuary mouth as shown in Figure 20. The salinity variati.-
on with depth have been found negligible. The tidal currents in tho

area are strong enough to mix the se,ltwo.ter wi th fres;~',vaterand
there is no clearly defined saltwater-freshwster interface. Fig. 2'1

shows the result of salinity sampling along the verticol collected
by the Hydrology Directorate of Bangladesh Water Development Board.
For all practical purposes the bottom salinity may be taken as the
average salinity for the section.
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By far the most important factor that determines salinity at
--r 2. reach is the upland freshwnter discharge. This cc:m be e2sily

seen from the superimposed snlinity profiles in Figures 22-26.
Figure 27 presents the plot of salinity as recorded in Khulna in
1968, 1976 and 1977. From this plot it is seen that the sanility
is minimum in 1968 when the dry season upland freshwilter d;i.sCharge

.,
was t18ximum (2verege Ganges flow for February, March and April,1968
was 78,700 cusecs) and salinity is maximum in 1976 when the dry
season flow was minimum (average Ganges flow for February, March and
April, 1976 was 35,700 cusecs). Velocity in channels play n very
important role in pushiYlg snlinity downstream. Due to the channel
arrangement nt Khulna, the freshwater flow is confined to a single
channel at Khulna and has a higher velocity than 5 or 6 miles doWYl-
stream or upstream where the flow is divided between two channels
and later divided again. This higher average velocity at Khulna is
more effective in holding back the saline bay waters. Thus, in
1968 with 3,800micromhos registered only four miles downstream,
the maximum salinity registered at Khulna was about 1000 micromhos
But when the Gorai flows dropped almost to zero in 1976, the high
salinities moved past Khulna and on upto Bardia. The maximum sali-
nity measured at Khulna in 1976 was about 13,600 micromhos.



CHAPTER - 5

DISCUSSION ON CU!1PUTER PROGF(Al'!JAND RESULTS

5.1 Computer Program
The mathematical model developed to have an impression of

the magni tudccs of saline w2cter penetr;~tion in Gorai-j\j;"dhu'llcti-
Sibsa-Pussur river system for different quantities of upland
freshwater discharge comprises a main program and 7 subroutines
wri tten in FORTR.4.N-IV. Flow charts of these c'Jmputer programs are
presented in Appendix - C. Computer programs are given in Appen-
dix - D. Figure 32 shows schc'matic representation of computation21

X.' procedure. Fcr the purposcc of comput2tion the prototype delta has
been discrotized into 59 nodes and 75 br2nches as shown in Figure 70
The main program roads in the data necessary for computation in the
node and branch Model. It computes the water levels and discharges
in each node and branch by tho explicit method using Eq. 2.12. The
subroutine REP stabilizes and adjusts the computed solution by
Gauss-Seidel iteration technique using Eq. 2.11. The subroutincc
GEO!']re2ds in th9 data necessary for grid model and also the tidc21
water levels at Hiron Point. 'The subroutine AREA computes the
cross-sectional areas, hydraulic radii and top widths at any given
water levels in node ,md branch model. The subroutine TIDE2 computes'
the cross-sectional areas, hydraulic radii and top widths at grid
points in grid model. It'also interpolates the observed hourly
water levels at Hiron Point at the time interval .6.t to be used as
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the downstream boundary condition in the grid model. This subroutine
calls the subroutine COMHQ to compute water levels and discharges
at the grid points. The subroutine COMHO computes the values of e
and U0for all grids in Eqs. 2.32 and 2.33. The computed e and 60
are then transferred to the main program and then to subroutine
REP for further computation of the incremental changes of the water
levels and clischilrgesat the connection point of node and brench
model and grid model using Eqs. 2.38 and 2.39. The subroutine COMS
computes salinity at all nodes using Eqs. 3~6, 3.7 and 3.8. The
subroutine TIDE3 recomputes the water levels and discharges in the
grid model at grid points with the v2.1ue of water level in node 1

computed in subroutine REP and the values of e and W computed from
~" the subroutine COMHQ using Eqs. 2.34 and 2.35.

As regards schematization of river geometry five different
elevations including elevation of channel bottom were taken. The
portion of area between channel bottom and immediately higher
specific elevation were taken to be of triangular section and that
between any two other .specific elevntions were assumed trapezoide.L
Table 2 presents the bottom elevation. and four other specific ele-
vations, meclsured with respect to Chart Datum (Chart Datum is that
level for a particular river which has been recorded as the lowest
water level for that river), and corresponding specific areas.

-Jo.., L. engths of the channels are given in teble 3. The division of a
river section into a multiple number of rectilineal figures have
been necessary because of irregularities of the river section.

••



Figure 28 to 30 presents some of the ch~nnel sections in the study

area. Obviously in the river geometry schematization heights of

banks have not been considered, because dry season flows are too

lean to cause overtopping of banks.

The parameters which required calibration in the model are

Manning roughness coefficient (ENf'I)and calibration constants

K1 (EK1) and K2 (EK2). Table 4 gi.ves calibrated values of roughness

coefficients of all the channels. These coefficients have been

obtained by assuming different v21ues of the roughness coefficieht

and then computing water levE"ls and discharges. The set of asswnp-

tions ivhich gave computed water levels and discharges wellnigh equQl

to those observed 2nd recorded h~s been chosen. In order to have

an idea 2bcJUt sensi tivity of the model towc1rds channel roughness

Figure 31 compares computed wster levels at J'vlonglafor two values

of roughness coefficients, 0.015 and 0.02, in channel no. 1, with

actual observed water levels. The values of K1 and K2 have been

found to be 20 [NiJ] and 0.3 [(ft2/sec)/(ppm/ft)1. It is to be

noted thot di.fferfOntch2nnels arc likely to h2ve different values

of parameters K1 and K2• If hourly records of salinity data at

sufficient number of stations are available, K1 and K2 of individu2l

channels may be calibrated precisely.

The only source of salinity in the study area is the seawater.

Seawater salinity is most variable in coastal areas because of mix-

ing of river water. In the present model an average c,mstant value



,of salinity, 33000 micromho has! beEn used due to

of salinity data of the seawatef in the vicinity
il..mouth. I.

non-availability

of Pussur river

5.2 REsults of the Study ,
To investigate the effect of withdrawal of upland discharge

freshwater discharge entering through Medhumati riv2r into the

study area has been varied from 2000 to 10,000 CUS2CS. The extent

of saline water penetration for each particular value of upland

discharge hilS bc,cn computed. Table 5 to 7 and Fig. 33 presents

computed salinity levels at Mangle, ehelna, Nalianela, Khu~ha and

.~ Bardia for three values of upland discharges, 2,000, 5,000 and

10,000 cusecs. The -tables also give lengths along Pussur river

which experiences 2,000 micromho or more salinity for ench case.

It is to be noted that salinity intrusion in the prototype delta

occurs for several months, but in the present model the computa-

tion hss boon carried for a few days and iterated several times

due to limitations in fund and also in meElory spaces available

in the computer used (IBM 360N-FO-479 3-6, total memory = 64K).

The results therefore should not be taken 2S absolute, rather

it should be looked upon as the sensitivity of salinity to

variations in upland freshwater discharge.

A look at tables 5,6 &nd 7 shows that with increasing values

of upland freshwater discharge there is a decrease in salinity con-
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c~ntration. The reduction of high water salinity concentration
,(. is more sharp than that of low water salinity concentration. It

is interesting to note that although no freshwater discharge into
Sibsa have been considered there has been a decrease in salinity
concentration at Nalianala with rceduction of sc,linity in Pus sur •
This establishes the fact that the river systems are interconnected

in their salinity distribution characteristics.

I



CHAPTER - 6

CONCLUSION AND FECOf,'jMENDi,TIONS

The conclusion th,t can be inferred from the study is that
upland discha.rge plays 2.very important role to prevent S2.1inity
intrusion. Notwithstanding the fact that there are other dynamic
characteristics; such as changes in river regime, tide, ground
water contribution, etc.; which have major influence on sCllinity
movement, the uplClnd discharge data can provide an extremely
useful insight as to the degree of deterioration of salinity
problems. Again the s2.1inity characteristics of a single channel
in the delta cannot be considered independently since there is
interchange and transport of sCllinity between channels in the
complicc,ted criss-crossed channel pattern of the delta. In the
light of this study the followings are recoomended .-

1. To predict salinity intrusion in Southwest region of Bangladesh
a hydrodynamic model maybe developed for the whole prototype
delta with scope for detailing part of the area if such need
arises. The model may comprise 2. multiple number of models
of small areas, such as the one developed, connected and super-
posed or a single model when adequate memory spaces are avail .•..-
able in the computer to include all channels in the delta.
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2. To make such a model reliable, care that should be taken in

collecting field data cannot:
1
be overmphasized. The deto.

required for such a model 2re neither too voluminous nor too

costly a venture. They should be recent. Previous data
!fbeyond 2 few years are not necessary. The dat2 required
.1

are hydrographic charts of ch2nnels, hourly water levels,
IIhourly salinity concentrations 2nd hydrographs of flows

at upstream model boundary.

3. Tidal water level recorders should be loc2ted 2t important

estuary mouths. Inland installation of tidal gages should

be uniformly distributed in space. h total of 100 tidal

gages for the whole prototype delta should be adequate.

Salini ty observations should be hourly and st2,tic. Some

salinity monitoring st2tions should be located offshore.

Inland installations should be uniformly distributed in

spaCE. A total of 100 s2linity recording stations should

be sufficient for the delta and bothsQlinity and tidal

gages may be installed together.

4. The present practice of collecting static and dynamic

s2linity data from field samples by Bangladesh Water

Development Bocrd may be improved by installing automatic

salinity gages which will record daily salinity concentra-

tions. It is relatively simple to design an automatic
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salinometer which will transfer reading on a current meter

to a pen that will record on a moving paper.

The depth of water at which salinity readings are to be

taken can be arbitrary since vertical variation of salinity

is negligible, but to avoid interference due to water level
fluctuation it should be near the channel bottom.
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Definition of not0tions in arrested saline wedge

•

TliBLE - 1

~ffine Shape of Arrested S21ine Wedges

LiLa hsihs1 LiLo h ih 1 LiLo hsihs1s s
0.00 1.000 0.35 0.570 0.70 0.345.05 .885 .40 .538 .75 .318.10 .812 .45 .500 .80 .280
.15 .748 .50 ~468 .85 .240.20 .685 .55 .440 .90 .189
.25 .647 .60 .410 .95 .138,

-'"'" .30 .608 .65 .380 1.00 .000
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TABLE 2
SPECIFIC ELEVATIONS AND CORRESPONDING AREAS OF CHANNELS

** NODE AND BRANCH MODEL **
.Branch Bottom
No, Elevation E1 Ai E2 A2 E3 A3 E4 A4EB

(1) -65,0 -40,0 63000,0 -20,0 183000,0 0.0 360000.0 10.0 46000,0
(2) -20,0 - 5,0 20000,0 0.0 . 35000,0 10.0 75000.0 20.0 115000.0
(3) -35.0 ,-20,0 3500.0 -10,0 16000,0 0.0 40000.0 10.0 65000.0
(4) -35.0 0.0 10800,0 10.0 16800.0 20.0 22800.0 30.0 29000,0
(5) -12,0 0,0 1200,0 10.0 3200.0 20.0 5200.0 30.0 7500.0
(6) -10,0 0,0 1000.0 10.0 3000.0 20.0 5000.0 30,0 7000.0

:::-, (7) -30,0 0.0 8000,0 10.0 13000.0 20.0 18000.0 30,0 23000.0
(8) -15.0 0.0 4000,0 10.0 9000.0 20,0 14000.0 30.0 19000.0
(9) -30.0 -10.0 3000.0 0.0 7000,0 10.0 11000.0 .20.-Q 1~5000,0_.~
(10) -40.0 -20,0 7000,0 0.0 27000,0 10,0 38000.0 20.0 50000.0
(11) -20.0 -10,0 4500.0 0,0 18000,0 10,0 36000.0 20.0 54000.0
(12) -20.0 -10.0 5000.0 0,0 17000.0 10.0 31000.0 20,0 45000.0
(13) -23.0 -20.0 1200.0 -10,0 16000.0 0.0 40000.0 10.0 66000.0
(14) -30.0 -18.0 15000~0.) 0.0 73000.0 10,0 115000.0 20,0 160000.0
(15) -50,0 -40,0 6000.0 -18,0 41000.0 0.0 95000.0 10.0 137000,0
(16) -40,0 -35,0 700,0 -18.0 26000.0 -5.0 68000,0 10,0 150000.0
(17) -40.0 -35,0 2500,0 -18.0 40000.0 0,0 120000,0 10,0 175000,0
(18) -35,0 -25,0 5000,0 -18,0 25000,0 0,0 130000.0 10,0 200000.0
(19) -75.0 -50,0 20000,0 -30.0 110000,0 0.0 440000.0 10.0 595000.0
(20) -22.0 -10,0 10000.0 0,0 35000.0 10.0 65000,0 20.0 95000.0

* Elevations are expressed in feet above Chart Datum and areas in square feet,
V\
N
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TABLE 2 (Continued)

Branch Bottom
"No. ,Elevation E1 A1 E2 A2 E3 A3 E4 A4

EB

(21) -')0.0 -30.0 10000.0 -20.0 22000.0 0.0 ')0000.0 10.0 70000.0
, ,.. ,

(22) " .;.40.0 .,.36.0 ')000.0 -20.0 20000.0 0.0 70000.0 10.0 10')000.0

(23)
-::;- .

-')0.0 -30.0 20000.0 ..20.0 ')0000.0 0.0 13')000.0 10.0 180000.0

(24) -7').0 -4').0 ,37')00.0 -20.0 112')00.0 0.0 192')00.0 10.0 237000.0

, (2;0 -70.0 -')0.0 1')000.0 -30.0 60000.0 0.0 1')7000.0 10.0 "192000.0
, (26) -7'),0 -60.0 11000.0 -30.0 100000.0 0.0 23')000.0 10.0 28')000.0

0(27) -')').0 -40.0 22000.0 -20.0 - 102000.0 -0.0 222QQO~.D . 1,0.0$-.- .....Jo.O.o.oO.D __~

~ (28)
-- --~--

-76.0 -60.0 9000.0 -10.0 1')9000.0 0.0 20')000.0 10.0 2')0000.0

(29) -100.0 .-60.0 40000.0 -30.0 '110000.0 0.0 230000.0 10.0 280000.0

(0) -120.0 -40.0 120000.0 -10.0 270000.0 0.0 34~;000.0 )0.0 430000.0

(1) -1').0 0.0 7')00.0 10.0 17')00.0 20.0 27500.0 30.0 37')00.0

(2) -1').0 0.0 7')00.0 10.0 17')00.0 20.0 27500.0 ' 30.0 37500.0

(3) -20.0 -10.0 5000.0 0.0 16000.0 10.0 28000.0 20,0 40000.0

(4) -50.0 -30.0 9000.0 -10.0 30000.0 0.0 42000.0 10.0 55000.0

(5) -20.0 0.0 10000.0 ..10.0 20000.0 20.0 30000.0 30.0 L>OOOO.O

(6) -20.0 0;0 5000.0 10.0 10000.0 20.0 15000.0 30.0 20000.0

(7) -20.0 0.0 4000.0 10.0 11000.0 20.0 '19000.0 30.0 27000.0

(8) -35.0 -10.0 3750.0 0.0 7500.0 10.0 11500.0 20.0 15500.0,

(9) -')0.0 ' "'30.0 ')000.0 '-10.0 20000.0 0.0 30000.0 10.0 40000.0

(40) -30.0 -20.0 2')00.0 -10.0 10500.0 0.0 21000.0 10.0 40000.0

* Elevations are expressed in feet above Chart Datum and areas in square feet.
\J1.w



'.~~.:.

-.:r -« --t-
(

TABLE 2 (Continued)
I

Branch Bottom
No •.. Elevation E1 .. A1 E2 A2 E3 A3 E4 .A4

BB
(41) -35.0 0.0 12000.0 10.0 18000.0 20.0 24000.0 30.0 30000.0
(42) -40.0 -2010 2000.0 -10.0 6000,0 0.0 11000.0 10.0 16000.0
(43) -30.0 0;0 6000.0 10.0 10000,0 20.0 14000.0 30.0 18000.0
(44), -18.0 1800.0 3800.0

\

0.0 10.0 20.0 5800;0 30.0 7800.0
(45) -16.0 0.0 1600.0 10.0 3600.0 20.0 5600.0 30.0 7600.0
(46) ~16;0 0.0 1600.0 10.0 3600.0 20,0 5qOOl0 30.0 7600.0
(47) -24.0 '.0..0 2400.0 10.0 4400.0 20.0 6400,0 30.0 8500.0
(48) "45,0 0.0 9200.0 10,0 13200.0 20.0 17200.0 30.0 2150q.0

't(49) 4500.0 .-,...)0.0 0.0 10.0 7500.0 20;0. 10500.0". 30.0 14000.0
(50) -:36.0 0.0 10800.0 10,0 16800.0 20.0 23000.0 30.0 30000.0
(51 ) -34.0 0.0 5100.0 10.0 8100.0 20.0 11100.0 30.0 14500.0

:. I

(g2) -70.0 0.0 35000.0 10;0 45000.0 20.0 55000.0 30.0 65000,0
(53) -50.0 0.0 25000.0 10.0 35000.0 20.0 45000.0 30.0 55000.0
(54) -20.0 .0.0 4000.0 10.0 11000.0 20.0 19000.0 30.0 27000,0

(55) -40.0 0.0 20000.0 10.0 30000.0 20.0 40000.0 30.0 50000.0
(56) "'30.0. 0.0 9000.0 10.0 15000.0 20.0 21000.0 30.0 27000!0
(57) -$0.0 -30.0 5000.0 0.0 29000.0 10.0 40000.0 20.0 52000.0
(5~) -30.0 0.0 12000.0 10.0 20000.0 20.0 28000.0 30.0 36000.0
,'(.59) -50.0 0.0 12500.0 10.0 17500.0 20.0 22500.0 30.0 28000.0
;,(60) -20.0 -10.0 5000.0 0.0 10000;0 10.0 15000.0 20.0 20000.0

*._Elevations are expressed in feet above Chart Datum and areas in square feet.

~
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TABLE 2 (Continued)

Branch Bottom
Noo Elev'ation E1 A1 E2 1\2 E3 A3 E4 1',4

EB

(61) -L>O.O -10.0 3800.0 000 7800.0 1000 '12800.0
..

-18000.020.0
(62) -10.0 0.0 5000.0 10.0 16000.0 2000 28000.0 3000 4000000
'(63) -30.0 0.0 900000 10.0 15000.0 2000 21000.0 30.0 27000.0
(64) -13.0 0.0 3500.0 10.0 13500.0 20.0 27000.0 30.0 1+0000.0
(65) -30.0 0.0 1500000 10.0 25000.0 2000 35000.0 30.0 45000.0
(66) -6000 -30.0 15000.0 0.0 60000.0 10.0 80000.0 20.0 105000.0
(67) -3000 -2000 5000.0 ' "il'or.,o 20000.0 0.0 L>2000.0 10.0 65000~0
(68) -25.0 -10.0 7000.0 000 1700000 lD.O 27000.0 20.C 3700000
(69) -20 ..0 -1000 5000.0 0.0 18000.0 10.0 -L¥3000.0- ~---- 20.0 -68ooo.0~
(70) -1500 -10..0 250000 0.0 1800000 .--,000- 38000.0 2000 58000.0
(71 ) -25.0 -10.0 750000 0.0 20000.0 10.0 33000.0 20.0 L>7000.0

(72) -3000 -1,0.0 500000 0.0 11000.0 1000 17000.0 2000 23000.0
(73) -15.0 - 5.0 10000.0 0.0 2;0000.0 10.0 65000.0 2000 110000.0
(74) -30.0 -20.0 500000 -10.0 16000.0 0.0 2800000 '10.0 40000.0
(75) -25.0 -10.0 300000 0.0 8000.0 1000 15000.0 20.0 23000.0

*Elevations are expressed in feet above Chart Datum and areas in square feet.

"
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TABlE 2 (Continued)
SPECIFIC ELEVATIONS AND CORRESPONDING AREAS OF CHAtrrqELS

.j(.j(. GRID MODEL *i<.

....-~._.._-------.
SegrJent Length Elevation AREA
from Sea in miles B Ii.R BE1 AB1 BE2 AB2 BE3 AB3 BE4 AB4

~•..-.._--_._, ..•..,,,---_._,'._-_._-
0.0 -18 195000. -12.0 325000. -6.0 480000. 0.0 654000. '10.0 955000.
1 .5 -18 ,240000., - 6.0 480000. 0.0 6)+5000. 10.0 950000. 20.0 11<300000.,
3.0 -18 215000. -,:,6'.:0490000. 0.0 634000. "10.0 8'75000. 20.0 1115000.
1+.5 -18 245000. -(,6:;,0'. 485000. D.O 6200DO. '10.0 860000. 20.0 1115000.
6.1 -18 1'70000. -12.0 254000. -6.0 380000. 0.0 550000. 10.0 870000.
7.6 -18 172000. -12.0 24'7000. -6.0 39'7000. 0.0 3r::,,0'0 '10.0 9-10000../'/ u •

9.1 -18 253000. -12.0 355000. -6.0 500000. 0.0 675000. 10.0 9'75000.

-------------------------------------------------------------_._------------~----------------
* Elevations are expressed in feet above Chart Datum and areas in square feet,

\n
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Tf,BLE. ~ 5

. iiI
COMPUTEDSj,LINITY CON(SENTRJiTIONSFOR AN UPLJ,ND

FRESHW"TEH DISCHMiGE OF 2000 CUSECS FROM GORAI-
MADHUMJ,TIINTO PUSSUR RIVER SYSTEM

._--~
Node S2linity inNou micromhos

7 600 (High w2ter)
270 (Low water)

13 17800 (High water)
11700 (Low water)

39 4500 (High water)
L~OOO (Low wilter)

14 22600 (High w2ter)
16700 (Low w2ter)

24 17000 (High water)
13000 (Low w2ter)

Chalna

Bilrdia

Stations

Khulna

Mongla

N21i2nnla

Distance of 2000 micromhos, salinity front from the
sea along Pussur RiVEr = 100 miles •

•

------------
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TilBLE- 6
'r

---_.-----.--_._-------------------------
Distance of 2000 micromhos salinity front from the seaalong Pussur River = 94 miles.

COMPUTED Sl,LINITYCONCENTRJ,TIONS FOR AN UPLAND
Fi'ffiSHWATERDISCHARGE OF 5000 CUSECS FROM GORAI-

MWHUM,\TI INTO FUSSUR RIVER SYSTEN.

240 (High welter)
50 (Low water)

15900 (High water)
11900 (Low water)
4200 (High water)
3640 {Low water)

21400 (High water)16600 (Low water)
16300 (High water)
13000 (Low wQter)

Salinity in
micromhos

Node
No.

7

,.
39 .

13 •

St&tion

Bardia

Chalna

Khulna

Nalianal8.

Mongla
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TABLE - 7

!

Distcnce of 2000 micromhos salinity front from the sea
along Pus sur River = 85 miles.

COMPUTED SALINITY CONCENTRATION FOR AN UPLAND
FRESHWliTER DISCHdWE OF 10,000 CUSECS FROM GOR/\I-

~~DHill~ATIINTO PUSSUR RIVER SYSTEM.

90 (High water)
0 (Low water)

14400 (High water)
3900 (Low water)
3800 (High wat"r)
3200 (Low wElter'

21500 (High wElte )
15000 (Low water,
16600 (High wate)
12000 (Low wc,ter)

Salinity in
micrornhos.

Nodes
Noo

Stations
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SCALE: liNCH = 30 MILES
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FIG. I FIVE SALINITY COMPARTMENTS OF SOUTHWEST DELTA OF BANGLADESH
(SourV<!: Special Studies. BWDB. 1977)
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FIG.2 LINES OF EQUAL SALINITY FOR THE KHULNA BAKERGANJ AREA NOVEMBER- MAY
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I -t III

._- Outflow
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chargeat
Model OUTlet
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( Distance along Water Course )

Node 3

x
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Node 2
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Level
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Fig,4 Graphical Representation of Assumptions Regarding Discharges

in Branches and Water Levels in Nodes.
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Fig.7 NODES AND BRANCHES DIAGRAM WITH GRID MODEL FOR GORAl MADHUMATI
SIBSA PASSUR RIVER SYSTEM
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iFIG.9 SCHEMATIC REPRESENTATION OF SALINITY INTRUSIONS IN ESTUARIES
(Source: A. T. Ippen, 1966 )
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SCA L Eo liNCH = 30 MILES
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FIG, II 2000 MICROMHO SALINITY LINES IN 1968
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SCAL.f: I iNCH = 30 MILI:S

FIG.12 2000 MICROMHO SALfNIlYLiNES IN 1976

N

,1'
I
I

\, ..



FIG.13

SCALE.: liNCH = 30MILES

2000 MICROMHO SAL'N:Y LINES IN 1977
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FIG. 14 LINES OF EQUAL SALINIT YIN APRIL 1968,

~,r,....

I.,



-;-

N

I
"

FIG,I5

"senE: I = 30 MI~_ES

--- ,

:"I~JE"S OF EQUAL SALINITY IN APRil, 1976
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FIG"I6 LINES OF EQUAL SALINITY IN APRIL, 1977
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Salinity at Sea and Nodes,EK1,EK2

96

J JJMIN -- 0
ISTD «-- 0
ZETA- 0.55
MO v-- 1
f10UNT -- 1

IDELT •.....DELTM
MDATE- IDATE
MHOUR.•.....IHOUR
MMIN <- I!1IN
NP ~ 1
JMIN- 0

DELT -+. 60. DELTM
HHH(1) --..H(1,1)
KCT .~ 24x3600/DELT
MCT - 3600/DELT

QBSJ\1 )<- QGOMI( 1 )+QI1ADHU( 1 )+QRPUR( 1 )+
QDLUTI(1)+QI10NGL(1)

Input Data of Node & Branch Model,
DELTM, IDi,TE, IHOUR, IMIN, KDi\TE, K
KHOUR,~IIN,NDAY,IPRINT,NSTD

Data of Node and Branch Model,
IDATE, IHOUR, 1MIN ,KDj~TE ,KHOUR, KMIN,
NDAY, IPRINT,NSTD, Initial Conditions

KJ,PPi\- 0
G ~ 32.2
NREP- 3
NO .,..... 1
KOUNT -1
IX +-- 0

FLOW DIAGRlJ1 OF MAIN PROGRllM

,



FLOW DIAGRAMOF ~\IN PROGRAM(Cootinued)

I.

•

97

176
. IMIN ~ IMIN + IDELT
J~nN -JMIN + IDELT

JJMIN ~JJMIN + IDELT

IIN- 0
QQQ(1)-QBS1(1)

. (1MIN-60) <0 ./ YES
NO

IMIN -- IMIN - 6b
IHOUR-IHOUR + 1,1 .... . ,

(: (IHOUR-24)<f~J-~S
INO

IHOUR- IHOUR - 24
IDJ\TE ~ IDATE + l'

~01.
/ 3 ...

,----- --"'"\.
I ",1-1,NN
I ;__ .
I
I F( r) = Half of sum of the ;~face
, area of all ohannels meeting
I at node 1L_S( I~ ~ sum_Of ~Q to'"fd, no~eI

+



FLOWD1~CRf~OF MA1N'PROGRJ,M(Continued)
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98

inflow

. ' ,

YES
:Compute upstream boundary

.. lin unsteady condition

..d>

r ---- ~ 1_1 ,NN /
I ... r-.
I I H(1,Z) _H(1,1~)-+-S(~1~).o-D-EL-T-1
I .
L _

r---~-- -<. I ~1 , NB
I '
I ,
1-- DIFH(1) ~H(ND(1),1 - H NUI ,1

: CK(1) ~1.49 A(1)oRM(1)Z/3/ENM(1)
I SO(1) ...-S(NU(I)) + S(ND(1))
I .
I~_ .._-- -- --- 5

w__
1nclu~e upstream boundary condition into nodes'

Check steady
state condition
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•

,
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Set to steady statel
boundart condition I

H.(1..i2) -<0-- H(1, 1..)
HHHt1)--H(1,1)

I
/ CALL \, .

./ . \

TIDE2/

HHH( 1) -- H(1 ,2)
QQQ( 1) ---QBSI(2)

< ~- \

+ 1

YE;3

I,
YES

CALL ~

TIDE2 "/

.MOUNT -S MeT

NO
MOUNT-1
MO--1'10 + 1
NP ---NP + 1

('KOUNi~. KCT.

NO
'KOUNT-1
NO__ NO .+ 1

MOUNT--MOUNT + 1

HHH(1) ---H(1 ,2)
QQQ(1) --QBSI(2)

FLOW DIAGRAM OF MAIN PROGRAM (Continued)
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YES

i,

'.'. .""

'IX~1
IDl,TE --- JvIDATE
IHOUE - Jv~!OUR
IMIN __ JvIMIN
JMIN --0
lIN ~1

203
166 >

I--1,NN

{I H( I , 1 )...-- H( 1,2),

Set to

FLOW DIAGRAM OF MAIN PROGRl\M (Continued)

•

condition

YES 169
IX f. 0 (JMIN - IPRINT) <0

I! NO NO__
I'-I=",S""T=Dc---,-=-IS=T""Do-+--:-DI I, JMIN-O I

( ( t ) " \.LES\, ISTD - NSTD.KCT ..:::::0 ..r--,----.
! - .

NO

IDATE,IHOUR,IMIN{
\Q(I,2), I-1,NB)
(H(I,2),I<>-1,NN),
Upstream boundary inflow,
(AHH(I2.J), J..,c.1,J!"!AX),
(AOQ(I2,J), J~1,JMAX)--

r-----
I
,I
I
I

Set IDATE,
, IHeDR, Ii'UN,
for running
in unsteady
condition



. re0 .
_~._~ ..... 175 ~

( IDATE-KuATE).< g:J- 0!!J
NO

.~
(1HOUR-KHOU~)< 0J -~

t NO . .

(1M1N-KJVI~N)<'O )~

t NO
(H(1,2), 1----:-1,NN),
(Q(1,2), 111 ,NB),
Upstream Bo~dary inflow,
(liHH(12,J) ,J~1 ,JMAX)
(AOO(12,J) ,J-1 ,JMAX

I,

~
. \

FLOW DIAGRAM OF MAIN PROGRAM (Continued)
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Read geometry/roughness,
initxal discharge and water
level in Grid model

KK --'- 24.NDAY
I1~1
12-2
JM1~. Jj\li\X - 1

Write geometry, roughness,
initial discharge and water
level in Grid model

( (HIRON(I). 1-1 ,KK) l

Write boundary condition..1at Hiron Point

102

FLOW
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4

3

2

.5

1

1\3(1) :. A2(I)'
T( I)....., ~'~.-- _
. • E3(I) _ E2(I)

A(I)'"'-A2(I)+T(I). (HI-E2(I))

HI,EB(I ,
IDhTE,IHOl~,IMIN,
(H(J,1) ,J-1 ,!\TN)
(Q(J,1),J -1 ,NB)

HI.LB(I» ,1\1(I)
T(I)-------

0.S(E1(I)-EB(I»2
1\(I)- O.ST(I). (HI-EB(I».

RM(I)~2\/0.ST(I)2+(HI_EB(I»2
,

1\2(1) - 1\1(1)
T(I)- . . .

E2(r) - E1(I)
1\(I) ..•....A1 r +T I • HI-E1 I

/2

._--"'----..

NO

-

1\4(1) - 1\3(1)
T(I)~ .

E4(I) - E3(I)
A(I) ••..1\3(I)+T(I). (HI".E3(I»)

1\(1)
RM(I)_. ." .

T(I)+2(HI-0.5E1 (I)-O.SEB(r))

•

FLOW DEGR;,fllOF SUBROUTINEAREA

I
I
I
i
I
I
I
I
I
I
I
f

'---

HI .::;,E1(I YES

NO
I

AI
HI -:S E2 IT YESI

I
! NO
I
I
!
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., ~

- 0(1,1)

150

1•••...1 NB

".' ,
\ ". ... ,

3000
100

SS(I) = Time: rate of water
level rise in node I

r--
I
I
I
I
I
I
I'--- -- _ ..

FLOWDIAGRAMOF SUBR0UTINE REP

Include upstr~~ b~undary inflow

3
AX-~ Q(J , 1) +ZETil;(0(J',2)-0(J, 1) )-OBSI (1 )

J=1 /

. BX - F(1)/ DELT .'
OBSI (1.)+ (AX. TI{ET!\(J1~1)+()~1EGA(Jf'11)+BX

OBSI (2) ..,..,---....:... -'~,-------------
ZET i, •THET ;;.( j~1~) .,.BX



J -1

I!
': YES

~'

AX + ZET./LOMEGA(JM1)

H( r, 2) _ H(r , 1) + V( r) •DELT

H(1,2) --- H(1,1) +
BX - ZETA.THETA(JM1)

NO
Compute Q by' implici t method;.

;-~-- -.~ r-1 ,NN
r-
I
';1
I
I V(I)-S(r) + sS(r).ZE'IA
I
I
L _\

A

FLOW DIAGRAM OF SUBROUTINE REP (Continued;)
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STOP
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85
YE IA(I1,J) -.-1<R(J).,.T(J). (H(I1,J)+18

W--, T(J)+2A(I1"J)/T(J)
R(J)-A(I1 J)/il

T(J)_ liB1 J -fiR J

BE1(J)+ 18
A(I1,J)-AR(J)+T(J

,V I

- ,

- '", . _~_.I.;. '_.'

FLOWDIAGRAM.QFo?U)3RQU'J:'INE.TII;l~2_ "
/ -,-'

NO

H(I1,J) ,;;;..-18

NO

H(I1 ,J).,; BE1(J)

,H(I1,J)~ BE2(J)

",H(1~iJ) ~BE3(J)

., i l -, .
--_..:_-.:... ~--:I-~-:'"

. , -' .
. _-_._-,;...--.- .....-;- -~.. "'.-- ... "

,," "\ AB4 J - AB3 JT(J)~c "i._

:-'BE4(-J),-- BE3(J)",
, .-''''' ". ~-, I \ ,; _ . I .\ .

A(11 ,.;rJ,~_AB3{J)+Tc;r). (H(U,J)-BE~(J)

DELT- 60.DELTM

*:--- .<~~.JMJ'll)
I ,,' t ' "
I ID-<18+AR(J)/iQ]
I E
I H('I1,J)~ -D J,H(I1,J)
I NO
I
I
I
I
I
1
I
IA
I
I
I
I
I
i
I
I
I.
I
I
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I
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( IIN~ 0 ) YES

iNO
( IIN = 0 )YES ••jH(I2,1)-.HIRON(1) I

I

NO _~j _

107

DELT.MOUNT- HIRON(NP))---------
3600

i
II

. 11

(HIRON(NF'+1 )
'I
"

H(I2,1) ..••...HIRON(NP) +

FLOW DIAG~\M OF SUBROUTINE TIDE2 (Continued)

•
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Compute
ALFA, BET!'"GAJVj]\1A

Compute
THETA(J),OMEGA(J)
used in eq.(2.33)

YES

er
G 32.2

J ~ 1
N

Compute
C,D,E,F,K,C' ,D' ,E' ,F' ,K'
from eqs.(2.23) and (2.24)

Compute
CL(J) ,C]\1(J),CN(J)

Compute
THETA(J),OMEGA(J)
used in eq.(2.32)

•

r-----
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
L _

I

FLOW DIAGfu\M OF SUBROUTINE CO]\1HQ
.'i

I
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Q( 11 ,J) __ Q(I2 ,J) .
H(I1 "J) ..•-H(I2,J) r
--4
~~~

H( 12 , Jl\U\X) "'- HHH(1)
J .---JM1

, DELH-- H(I2,JMIIX) - H(I1,JIV'u'IX)

FLOW DIi\GRf>MFOR SUBROUTINE'TIDE3

/ 405 ~, 'r---K , '>
I ,,-~.;r _1 ,JMAJC, /
I
I
I
I
I
L_. _

~ h
DELQ-- THETii(J) .DELH + OMEGA(J)
, Q(I2,J+1) 4-, Q(I1 ,J+1) + DELQ

t
,NOC J F JM1 Q(I2,JMIiX) ...- QQQ(1)

YES DELQ.-, Q(12 , Jf.!AX)-Q( 11, JMAX)
I

10
tJ-o-J.,.11

( (J-1) <"0
YES

-,-- •
NO

5
- DFLH--DELH.CL(J+1) + DELQ.CM(J+1) + CN(J+1)
H(:I2RJ +1) .;0.- H( 11 ,J +1) +DELH

,

6DELQ__ ALFA•DELH + BETl\.DELQ + GAMlllA
Q(I2,1)~ Q(I1, 1) + DELQ

- t ,
....,,~=----



for all branches

Compute E for all branches
. I

L,

110

Eq.U.6)
;.from

Compute ,c,t
meeting in node I

Find Salinity of node 1

~T~!>;
I, '.

Compute E for Kunga
from Eq. (J.8)•

4
V ..••....~ A(J) .DELX(J)/2

J" 1

SC (I) ...•..SC (I) ~M
+.;;----
/~ .

.c.t
T/V .

KAPPA = Number of times computation
.should be carried before printing

YES

(E(I) 1'0'- 1,NB) .
(SC(I~, I---1,NN)

. -----.:..--.. .....G::m~
FLOW DIAGRf~l OF SUBROUTINE COMS
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II

5

7
3

C Rf~O E LE VATI ON AW' COPRF SPONO I NG cnn,s -5 ECI IONIlL AREA
1 DO 30 1= 1 • t,m
2 Rf-IIO( J,1004) EBlll,Fl(JI,E)(II,U(ll,Fl,([)
3-' I:.--------f!E~ 0('1;'T CO/;)--II i( Ii; 1\2 ("il-;A3 CI j ~h', lI ,- " . .-
4 39 CON Tl III1£ . " _, , _

C RfllD B~ANCH NI;Mflf.RS WHICH ISSUE Frn" CI\CH NCOE
f< Ell I) I 1 ,1000) ( Ll ( I ) ,L2 ( I) , L~ ( I ) , L4 I I 1 • 1=1, NN 1 ' • --;
~EA') S~LINI TV II T SEll IINI) NODES "

__ ,_3f~.Q.!..l!~120) _~ri,,(5C.I!L.!.1=1'.?ql,,_____ _ ..1
c ~r.I,D PA'I,'-1: T',R5 F(W L'1NGI TUIlI ML IlISPFRS IONCcETFICIENT -,

, R r-.'~..i 1, 1(!O/, I r !<! ,f: '<2, ,_
~R I TE l 3, 4 C0 Cl
\;R I TF ( ;I , zr 0 C) NOI,', I,
"P I TF( ". 2 0 0) :1C'I. TtJ
_!if,) lE ( ;3,2002) DE LXI IL!I =1,',~111
"R I Tf I 1, 2()0~)
. wR 1 TEI1. 21:03"( I tN!';( I) .f~f)lll .I =1 .~;L\l
Af' I TF ( ;I t 200 RI
WPITEI ;I,20C<;'lf:I:~HII ,1'=1 ,Nfll
011 1:2 l=l,Nil

____C_Hc~10F ';!r~l,X(I)__TO Fur
D::L Xl I) =)f LXII) "0,2~l().

1: 2,,c,)1.N,lJ}(1l: ___ '-' ,
~JR I TE ( 3, 201 0 I
wR I TE ( 1. 2 (1) 1. ) 1 rJ.~n: ,I H 011[,: ,r "II N! KD /\ T F , KH [l'J R, K ", IN, N DAY
wRllE13,2012) I PPI NT
wPITEI3,Z0131 NSTP , , , c , __ ~;.

WRI TE ( 3,201 ',1 I [)/\ Tl' ,t f.C; ORAl I I I, I =1, N[)Al' I
WR I TE I 3, ~0151 l,lA TL ,l FM/\DHUI 1) ,I =1 ,t,i)flY 1 ',), i
\.JR 1 TE I 3,20 Uj ii'A iF ,I FRPUP. ( 1 I"; i:;;-1'; r-(!lAI' I C_ "--- -' ,}:'

. ". " -.~,'
WRI TE I 3 , 201 7 I 1 01\ TF ! I F 0 l.lL!lJ.L!... •.!_=~I~, ~N_n~fI~Y~) ~
WRITEl 3,ZOlAlIDI\TE ,IFMONGUI) ,1=1 ,tWAYl ";);;:

. , l<!RI TE« 3, 2 02,Cl.!.:!J..I __,1, , ,I =1 , NNI ~.:.;.;Ji
\o;RI TE( 3,2021){ Ql 1,1) ,I =1 ,NEI)''''''''''
WRITEI3,2023)QGORAI III ,QMADHUlll ,QR.~Y_~.(llio.l?,L!~!1-(11, QMONGL III :$~

,--, --'~.R-ITEl 3-;-3005)------~. - ,:;,il
DO 536 1=1 ,NtI ,h •."'"
WRi TE( 3,2028' I ,E 1:\( I I ,El (1) ,AI (11 ,E2 ( I I , 1\2 I r I , E3 ( I I, 1\3 I I I. E4IP,/i'.

11• :""4J.JJ . , .__ . -- - ~ 0<. - -- .---~~:t~~
5 16 ~~Hi :~r~g;~:II ,Ll II I ,L2 (J) ,L3 (!l ,L 4 I I ) , I = 1, NNl>;:~~

WR ITE ( 3,200/,) E Kl ,I' K2 1:'.'C'.
1((,0 FORMATl 161 5)'~;Jt!

",. __ LC,C}e FOR MAT( F 10.2.1__ _ , ,,~ ..- "

L,!------~-'~HJ~~~:~i;~~t~:'t~B=tjo OF BRII NCH ES =-.-~~W; i NII:= NO OF NODES =' '-.'::,.~.,.__:.'.'_:~,:,~,-,'_;,~,"__(~:_'~",'_~:,.'
2001 FO~"lATl IIlOX,')EI.H'=TPlI: INTERVAL It-- MItJUTES=',F8.21 ~
2CC2 F:lRMI\1( 1120X,'lUGTH OF EACH BR1,II:CH IN' ,IX,' MILE' ,II, - ;.,,._ _ _ _ _ __ ~~ ~~.,:;,..4.....,.

--- ~ , '1,40:X~JELXCil'-;7J,lj--OX-;RF9.2-')--' ,----- -,":~;:
;; (C? Fn R "II TI 'I ( 1.0 X , '( , ,I? ,') , ,1 X ,? I 0,) I ;{ii:~
'2 O(!,--FO~ Mil iTI OX, 'EK1-=' ,r l'i:'l,lOi;', i:K~-=-'-,-f-:l-L-'-.-l'-)---- -,---------'.,',-;; .:'~~./

FJRTRA\l
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,)7

Q!\).
09
10
il
;213'--~-
14"i'5-.----

.1
T 1'1 V

i~'~

ZOC5 F'lRMn II 1/15X', 'I\R~Nr.," Nn., NO'JF \lPq flFAI' hNf1 NODE OOWNSTREAII 01,
$E;:,CH t1Rn~JCH 'I ,i'l

~ 2,09~J'lIHJA.-!lt~0.1<., ',{flLl~'ill:fSS CllfFrlCr~NI OF f\RANCf-;= MIINNING"S N',I/.~~
2 r 09 F ClR,~~ I I 31 3 X , 31- <;. 41 ) \.1.1
2010 F:)F:!4~ T( IIf:X, '1 N[ TTI,L OilY !~Duq "IHnJI to FINAL DAY HJU~'

. -'1",1 IN urF'-- --,in '0rOnYf' nPRU~:NI',f.oj- ..•,/'fj
2011 r-n.:/I,llTl/l1)(.31'i,17X"I~,lhX,151 . ~.!l
2012 Ff)R~\A Tl 1/6X, 'I Plq NT= T11'1F- I NTF.RVAL r-r.R PRINT P,G T HE CO\~PUTED 'Wf'

_ ____ _tL r V1:L.,-SA LI trll TV f, D I ?C; ARGE... I !l . .r'I.!i~TE = '.' J 21_ 'I;!.
20n r'lR~\nJ(/l6x,'NSn= Nfl IlFl STE411Y OlW=',!5) 'Ji!
201', 1")1110'1\J( If:X, 'FC;flRIl I =1)Al LY r 1\1'LOW F RO~' GOPAI FRO", OAY NO', la, II, ,'1-- -- --- - _. ---- -~_. -- - -" ---- .. . . ---. ---- ~

b(8F9.~I) jIg
201 S FflRt'1I Tl 16X, 'FrVlny u= DAI LY I NF LCW fRC", '1ADHiH1AT I liND BIL ROU1I:,I.1"

$ FROM )AY NO',13,11,IBF9.n) 'IlTt
201hj...Q&'.~_I.U~L 'FRP\!.~-=-.DAI '=-.UJ:r£.',Oi; .IN S I B5 II_IIIRAIPUR FROM DAY ~(j~J

$. I I, ( 8F <I. 2 I ) , ! J'
2011 Fl1RMIl II If:X. 'FDLUTl=OAl LY 1 NFLOW 1 N Sl [)s A III DfLUT 1 FRO'" DAY lin

---$T3,11,{AFq~211---- .'----,------- I:"~
2018 FORMAT(/6X.'FMON~L=DAILY INI'LCW III: MONGLA NAlA FRO~1 DAY IIjO'i~L".;;:

1/ I , I SF 9. 2 I ) ; -j' !~
2020 FDRMhTl6x,'lNlllA_L WAIER LEVEt If', EACH NOCE AP-DvE CHART OATUl-\jE;j

S;( P.F q. 21 ). "!~
2021 FflRMIITl/6X, '1Nlll,H OJ SCHAPGE (CFS) IN EACH BRANCH' ,II, (BF9.21.~.,\
2023 ,Fo.RMATl/6X.'INFLOW ICFS) AT UPSTREAM ~IOOEL BOIJNDARIES''/16X.,,~~

$1=' ,FA.2.5X, 'QMAOHl.I=' ,FA.2 ,'ix, '(JRPlIR=' ,FB .2,5X,' QOUlT 1=', FA.21.;;;i
15X, 'OMONGL=' ,FA.2) -''"~f

2028 FOR~11\III0X, '(' '!?_'.' , '.1 X,9FIO.ll,)i:
20~4 FlJ!l.MATUIOX, 'NUMBERS OF ARAII:CH ISSUING FROM E,ACH NODE',I/o' ".g.

$5X,' NODE NO. ',7X,'U (II ',5X.'L2IIl',5X,'L3(Il',5X,'L4(Il" 1)
203~ FORI'All 6X,'( ',[2,') ',5X,,+llO)'l:;!;~
3005 FORI'ATlI16X, 'SPECIFIC FLEVIITI Cf', 1111:0CORRESPONCING CROss-sEcni:llf.

$ AREA OF HRANCH',/6X, 'BRANCH Nfl',7X,'EI3'.Bx,'El',aX,'Al',BX, [t{
________ $__'~E~2~.~,_fl~.X, "A 2 ' ,a x, 'E3 ' ,8X , 'A3 ' ,flX ,'E4 ' ,~X " 1\4' I • ,m<

4000 F[lR~A T( IHl.ciQX--;-':)ATA FOil "'DOE AND BPAII:CH t'OCEL' ) .. r~~,~
C J N J TI II LI l ~ I NO ICE: S U SF. 0 I N IH E P R 0(; RAM t\,; ..,'~

G=32.2i ':Ii
KAPPA=O 1~~~

NREP= 3 .~
. __ NQ.::.L___ _ __ . . .' ----, .- ,~

11~(Q.~~R!l.l( U.GI'.2CDO. 01 OFLTM=lC'.O '..... ,;'~".
__ . __ .__ K__, Ui\, 1-1 . .__ I 4,r~.r

I Yo= 0 ' ''''~'t'," .'~f.:ti
_______ .__ ~_IY_H_(~l_J=_I_il~l ,1 J .. ,.;{~

OF.LT:'JE.L TtJ*60. ~'~'.~l'""*- I

__ .... IDCI: T=D.tL 1M _ ____' , . . ._._. ' ~c'~li
NP= I. :. ~

________ JI-l.lN~_O .. . - ~'!fff.!J.
,IJ"'JN~O ~.lOO
KC 1= 24. * 3 60 O. II)" L T .,.tf
IS10~0 'If

. __ J!QIJ!lH,!.l.-", 0 , , . -----'"
Q(NB~l,ll,;O "~~l
OEJ XIN~,+ll.=_Q~_. _.. ._. ~
1( 'riA+ 1) = C. f'£~

. "~i
;f.\"!-.-_._-.-~,~l- ""~.li~t
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T ItA "':.,, Cf.-ti;;.
.. :-~y;/'

.}'i'f.~

sq I ! )= SI N Ul I ! I •. S! NIl( ! ! ) '.:<:;;P
5 CON 11 N UE' ;;:r~

..._..~L2Q:!L1 =1_t.NFl_ .. _ .. ... .__ - .. -... "'"'&-;"
DIFtd I ),=T( 11"'[)IF4!11 IDELXl[) '. , f>{1
ell I ='J ( ! ,I ) * Tl I ) I'~{ [ I * SOl I ) ~ ( Q ( ! ,1 ) **;> ) * []I F t\ l I ) I (A I I 1* ~ 21 <r:;r:(
$~'G"'A ( I ) ") I F H ( [ In;: L XIII -G *A ( I I "Q l I ,1 ) *ARS (Q'l !,11) I I CK ( I IH,2 I ,ini
9 ( 1 , ?, I=Q ( I ,ll +C ( I I ",r) E t.T>~~

7 (' C C I)N Tl ~JU: '."'
CHECK STEM)'L~lI\Tf.r_OI'lDITlON-.-_ .• ----.---- .i':':
IFf I X • N:: • 0 I :; [J Tn ;> Ol'.,;,-,--.,'.-Y_',;.~, ..•
SE TIO S TE AD Y_jl~_:!f._~O~JNDARY COli1D.:--T."1."O,-N.:--' ,.

QGORI\]l 21=QGOR8[ (11 II,,',.',\r.::~
,5 IJ"'lADHU! 21<)""I\[)f1UllJ . J'"
,f, QRPLRI2J=QRPUFll) .A\
,7 fJ'lL L TI l 2) =QO l.L T1LU'J!i,3--------- .-. Q'10NGLl 2! =QMO"t,; Ll 1.,.------ ------- - -- ..----------- .. ::Ri
,Q , H!.l.t1.I='l I 1 ,I J. _. __ ._. .. ._. • ~ . "','
o HHHI 11=Hl 1 ,j!'~

C cn'\PUTE TDAL em,D] Tl eN FROM I1l'WNSTP.E'A~l l.JE1'1'ORO POINT I .',g

.1 C_ ~~t_~E T~~~:R L.EVELAM) 01 SCHARGE BY IMPLICIT tmHOD :[t~
2 CALL REP [ 'ipi
3 HHHI 11=Hl 1 ,2)'1; , r,';:.

4 OQ'Hl.l=-OBSI(21 ".,,";~
SOLVE THE SOLtTl lJ'~ BY RIICK lIP IN MM1HJAT A"~
CALLTEJF:3 .,;{.. _;~.

________ .-2,;:1 TO 203 __ ~-~---~----------------." :.,
r:. CO'lPUTf. NEXT aOUNDARY I Nf LOW I NTO NODE:;}

201 Q GJ R1\ I! 2 l =1' GOR I, I I NO J + l F G OR,I\ 1 ( NO" 1 ) - 1'G nR A.I IN G I ) / 24.1 3600.* , ,,:(
, lOEI. T*KnUNT --.- - .',',,:' 1},

Q 'III OH lI( 21=1' MI-'OH U( Nfl) ~ (F MAOH U ( NlJ+11 -F r'ADHU (NO I 1/2',.1 360a."' •..Jt.
10EL T*KOUNT '.,:'.)

:;)RP UR l 2 I =F R P UP.( ~)(11".(F RPup. ( Nn~ 1) -1' RPUll (N 01,)/ 24 ./ 3600.* DEL HK OUhll~t
~:l':)L 11T]( 2 I =F 9 L UTI I NO! , (F 0 L UT' ( NO+1 ) -F 0 l.lJ T I (N 0 I )1 24 .1 3600 .~ ,~,.{~

$f)EL T*KOLINT . • ."-''i~
Q '10N GL! 2 I =F r~o~::;l.l NtJ) ~ l F MGNGL ( N[1<1 ) - F ~ ONGL ( NO) I I 24 ./ 3600. (t , "£1,

~!)f. L T* KDUN T . ,-',""t
KO UNT=KDl1N T<l~,li
I F I Kfl UN T. l.E • KC T) GOT ° 1 8lA}.. 'KClUNT ',;;1.'- -.- ---- .--.-- ' .---- --- .. ---------.~. ""'~-~
NO=1\'0+ l: ..,t

CO MP lITE Tl ') f. Len Ni)- '-'-T-I -O-N-1'-R-O-l"-.-IJ-C-]W-N-'S-T-R-E-A-~I-e-O-1J-N-D-A-R-Y----~_.~,t

11\1 CALL TIDE 2"
cn'~PUTE SilL! 1\'1 TY r NTRUSI ON ",

..7_____ CAll. COVS ..._. __. ~
a flO UN T="I[1 UN T+ 1
9).. .• __ - •.. _1 1'1110 UN T. I.E • MC_Tl S () _.!S1 165 __._ _ ,:)

"0 '~nUNT= 1;:::;
'1 M:l=~\O+l '--,...-...::
'2. NP=NP+J .-~.,

CSOLVE w.t~TE-=t I..EVEL.~d~) 111 SC~-ll\P:;F 13Y I ~PLrC'T ~1ETHC() ~'- ,-..:-----16.;--UiLLR~p --- - - --------.---.-_. --------------~,.,
'4 HH'--Il1l=HI 1,2)
'-5--'---"--'~~J( (f;--CJR 5IT2"1'- _ .. ---.------~-

.. ._l:_

,6
7

,8 _.__ •
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.. - ._. __ .._-_._ .. _.__ .__ ._._-_ •... _.,. -_ .._------~ _ •.._---- ------

..•, --_.

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

-- ._-,-_. _. - - - .------------- - --------- - _ .._ .._-- --

.._._ .._- .....~.-_ ..,.-. -_._---- -_ ...._.- .-

-- ._------------- -------- .._.__ ... --------_.- ----_ .._- ------
------- ----_._---_._- ..._-------------,------------

~_.,,----_._-... _.- ._------_. __ ._--- --- -----,-.

._ _-----------'. _ .._-----_._.~-- -- _._.----~ _----_ ..-

._ L'.'. __ . . ._-_ ••••.• -- -------

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

. _ .. ---- .- ._- ..~-----_.-- ----_. __ .-- _.- --_.

S,IH A NC HE S' • / II .2 OJ I "''' *UN S TE AD Y c: (ll\[) IT I ON"'**' I
'\0:5 FOR Mil TllHl, /6X, 'I 11:1TP,L C.ONflll1 rl\ or I-JIITFR LEVEl. ~ DISCHARGE

$f\;ODES HID llRANCHES', 1I/.20X,'*>i'*STEIIDY UPSTREAM BOUNDARV---;:-------icDNo.TmJi;J-"**-,-) ..- ------ ...- - .-
f2__ 3060 FORMATl //6X. ' ••I\T~.Il LEVEL ANI) DISCHARGE IN MARJAlA' t
f 7 END
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5
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-1,
L'1f.'JJLI\L!V U:.~~.:.FI-4?() 2-6 ~~FII _ _ IJI\fL_llV08I7Q TI"'EJ

.1] S VIR n UTI 1111 r.r~Fl. . .~
12 UW"ION/.H,O:K11 QI76,Zl,lI(ht),ZI,Nf\"Jf\,~1.J("f61,NOn61,QGORAl(21, 1

~ "Q"II)HUl 21 ,QRPlI!< (21 ,OOLUTI (~l ,OMGNGL 121 ,aBS I L~I, OELX (76 J ~
COv,"10NI3LnC-K'1 td76J ,T(7b) .... . 'j
CO", ••ON/fllll:;K51 EOf\(76) ,EOil?") ,E2(7~) ,0176J,E4176),A11761, "

$ 1\2( 76) ,1\ ~H HI, f, 'd 7 ~ I ,R 'I (7 ~ I
{;fl"MON/ClLOCKF/"'l1I1TF,I!)IITF,IHGUR,H'II\ I ) ~ ".

r. J'1PUTE TOr> "'[01f-!, r. iROSS-SF,CTl DNA!, ~RF.II ">~J
_____ --'0"-1_1_6

co
,.Q..J = 1..•N3 . ~ __

Ii 1=( HI N III I) ,J I + ,I I NO (I I ,11 I I? •
_____ -----~I.-r,cl.-Hl.!.L.E-.[~1111...Q.O fCl 1 .;:~.

IFIHI.I.::.Ellj)) GO Tn2 'j
IFlHI.l::.E2(1)) GU Tl1 3r:
IFflll.lE.E31111 :;0 Til', 1
.TI I )=1~"l.Ib~3..l.IJ.,)JI E4.( r I -F3 I I) ) ,
\ I r 1=1\ 3 ( I ) + T I I ) * (H [ - E " I [ ) ) .
(;'1 lfl 5 ' "~

1 'I,R r TEl :\,150) I ,-j[ ,F:~ I i,- Zi
'r, wI{ I TFf ,,151) {r)A rr: ,[H f1UP,I "I N .,l
: 7 .:R 11EI 3,1 ~;21 I J ,-II J,l) ,J=l ,NN'-: ,:,.1
1,_1' WR r TEl 3,153) I J ,Of J,i) .J=) .~,f\' ~"':1
Q -WR I TE(3,'15/.lcr,(lP~Ar(()-,Q/lMjHIJ(ll ,GRPlIRI11',QDlu-r"!ft I. QMONGl (ll,{~

. __ $JR_SIl11 _ "._ "j
S TJP ffi

150 FOPMh,T(5X,'AT I'PANC-i II:O',?X.IZ,:lX,'H=',Ftll.?,'.\ND ER=',FlO.2,~
l'I;"'TF<. l.EVel FAl.lS ll::l.O',i fllvrr. lIE('I') '.,~

'.2 ,_151 FfJRMATU.O)(,11.!~~Y~11.~,'HOUf{',IL,'t-'III:'1 " L,~

'3 152 FORMAT( 7f 2X, 'HI' ,12 ,') =' ,FR.?11 ' t\}~
______ 1.?_.3....B,J~MAJJ_211..X.,~qL~,I? , ' I = , ,Ftl_. [) I ) _ L.,\

l54FO,R"1A T( 2x, 'OGOI'III =' ,F 'J. 1 ,2X. 'r;MAOHlJ=' ,F~ .l,2X,' CJRPUR=', FCI.l,;21O!.:1
PQfJlUTJ=',Fq.1,?X,'O'~ONGL=',"O.l,2X,'r.f\51=',Fi1.2I ' ID,

? TlI)= (HI-EBllll*A1111/10.5*IEIIII-ERlIlI**7.l ,I, t,!
h,("I 1=Tl I ) *!liI -F rd Il I *0. 5 5;,1
RMI I) = 2. '" SOP'rlTTiTi 17.. I **2 + (H I :"-E-fl-(-1-1-)-"'-"-2'-I-- --------"-, --r,-1ij
G'J TO 60 .. :, "'i;f~

3 _ Tl J ) = (t> 21 I 1- A1 { I 1 I I (F 2 f I ) -U I I ) ) , _,{,o/!'
A ( I I = A 11 I ) iT ( I I *( '-IJ .. E tl I I ) - ';}}"
G[1 '10 5 .1$

, . .i...!.lJJ..=L-" 3(JJ::.~~I.LUJ.(E3(IJ ....:f.?_£.L'1 . __ .. --------,.~
Al II=A2( 1)+Tf I I *(HI-E2( III .I?
Cb'~PUT:: HYJRAUl.lC RAO! US ('OR EVFRY ELEVAT '.9!! ' ¥. '1'

5 RM(IJ="'lll/fTlII+Z."'IHI-O.5*F1ITI-).r;"'EBlllll '.,,'
w CrlN'IINtF. ,..' .

"STURN '.11END ,~,
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SlfjUIUII NE Kf'P "~.co "1 "10 N 13 L DC K1 I Q { 7 (, ,2) ,H (f,ll , Z ) , 11:13, NN, NU (7 b I , N D(7 I> I, QGORA 1\ Z JXj
_______ -"$_._.c.:IJ,'-'M'-'4."'-)'-',jcloJl-?).,IJR f~JI' I Z_I ,.OQJUIL~? I, OM.O~G.L_(21.,SBSL( 2 I, DELX 176 I 'f!

C.Q.'_1MONI3LO:K21 ZETA,UlbOI ,'-Z (S)) ,13lb)I,l4{bOI,DO(71)1, 'ji:1
_________ :l-~'-'G~,_D_l'-'F_Il._(_''-'b~J!.c K{ 761 ,I X ,PE.Ll,,=-lb?l-,5 (601 , C (761, S 5 (60 I ,=tt

CO'lMON/3LO:K31 i\.l7bl,Tl7S1 t!~
COMMON13 LOC K4 I DE LTM, r-OUNT ~,d
CO"lMON/3LOCK6/ \<1(0) ,SOI7bl ,NREP ;:1.
COMMON/3LOCK81 JMl. ,NP,NDAV,QO<;(21 ,HHH{21 ..,~
CO~MON 13 LOC KA IC Lh, ,C MIll ,CN171--;YHET A 17 I , MCT, OMEGA1110 ".f'

________ .'-'$_.'_'.-_A.L~_F_4,gETA,G41.,r-1I\,AHHI2,71 ,AOO(Z,7)' ." " ;tf'~
C COMP UTE C H4 NGE 1 N n I SC JARGE _.- '1;'.-,)

)009 J=1

;~~~ --JOOO gg i~g : ~~:~~REP _._ __ __ .;.i;
) 012 DOI I I =0 I 1 ,2 I - QI I ,11 '\';
)013 __ I~C CON TlNUE..... .______ 1,",<:'
1014 55 00 101 T =I,NN to.
1.0.15 [FIL21!I.EO.0I L21l1=NB+l '''l''''~
)016 IFlL3{II.EQ.0I L3111=NB+l rf:i."
l..QJ! I_F_(L_4_1_1_1_•.E_Q. 01 l4( II =NB+l ,I,il
)0113 .~_S.l'j 1=1 iJOI iAB-SI iT(! IIT*TiITliIAi3s III llJI "I'~~

$+DOI14BStL211111*L21[I/IABSIL2ITll '. 'I
$+001 lAB ST1:3TII j-) *1.3([) ii'ABSCCYiil I --- i j
$+D~IIABS{I.',II)ll*L41i1!iABSlU'(I)11/Fll) . ili

101 eON Tl NU" 'I '
A X:":H I, 1 ,+ZF TA ,< { Q {I ,2' - Qn ,1 I 1+ Q (2 .1 1+ ZET 11* t Q l2, 2 )-Q I 2, 1 I H-L

-----$-.--oT3~.lF.7E-Tf, ';("013',2) -013 ;Cll":QP;S TtTI - 'I,,'

iQ_.?l._ 8 X,:£.lJ.I J).E..!:!._ . _ . _ .. .,;:.i.
)0,:2 Qtl SIC 2)=Q:\ 51111+ (AX*THE TA (Ji"11 +OMEGA( J"11 )"AX il I ZET At:T HEr AIHll
1023 sse ll=SS< l)-lQ!~SI12)-Q'1S1 (11 I/FllI :J"~1!
l02" SSI21=S5121+1QGORAII21-QGCRAIllII/FI2) t'lf!
1025 SSt 31=SS(3)+lOMAOHUIZI-QMAoHUll II/FD) 7'
l02f,- ..----- SS(41=SS(4171<Ji'j'UR(ZI-ORPURlTT1/F!4)--' I S~
J.O..!U, -SSl 51= S?J..5!+ I_QQ. LUTI J. ~..!..-=.QQ_lUTLllJ_ljF.'5 ,- ;l.!~1.
lO 28 S S( 61= SSl 6) + <Q"ION:; 1.(2 I - Or-ONGL n I ) I Feb) . ,j(~._~ . ~. .
)029 00 99 1=I,NN J

1030 VlII=S(()+SS(II"'ZETA
1031 99 eO\llINIE
)():~2-----r--' - ... - -jFIJ-TI-IOCll ;lcct"-;fooz--'-" - .-- ----
)033 10C? J=1
"--~-'----c---COMPTm -NEi\\J>TEP I.E VE: L OF-ATCJu-f\icnON5
)0'14 DO 102 I =I,Nr,
)035 w 1,21=Hl I ,l)+VII)*DEl.T
l036 102 c1iNIINUE

•• CF _.-.--r- ~--.- ...•..----_._- - -.-.:..------- - -----~ --~--.-.'-
1037 . '-Hli,21=HI J.,,lI+IAX+O"'EGAIJf<'ll *ZETAl/ IBX-THET ALJMlI*ZETA.I"
)03,":1 . .. 'Gif TO 15C r' - ,;g~~-"-----loo.C:-~rt~&t~'~-;;~NB....--- ..- ...- .-- _.-. I' ~~4
\041. ' - 14=ND { 1 J \ l1.
!R,"L.. __ .fED=Z.: !~_:"_Io.l*()! r ,1.UA.!.,I_!.. . !. .4:1
:0.3 Fe T2=1" TA*S>«Atll IDE LXllI . ;-::ii}.,
)04', CJ,<':-:l 11->=(.T?*VI131 *DELT+FCTL*VlI41*OElT-FUll<ISSII3I+I)Q(D;d
. • ----- $ I-Fe r"i'*Ts SI r.",):..lJ (~( i, IF T14-IJ-' . --- ----.. .) ~)
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-- -. .-...----- ..--Q ----- .....----,"'1~
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04 5 CJR =COR - ZC TA~'Ilq ( I ) *IlE LT ~ eT2 * ([ • IF { 131 + 1 .1 F ( 14 !I
046 1F( Q ( J, 1 ) • ::Q. c. ~ SI:; N~l • .~~
Q~ 1 F ( OJ....] , 1 ) • E Q. O. L .C":!..l!~ L.__ _.__0 O' ••• ,~

04".. SIG;Il=oBSIOtl,lII/QII,ll "
049 1 COL =- 1 • III ELl +F en,. 1-1 • IF ( I 3 I + 1. IF ( !4 I 1+2. * Z Ef AleQ ( T, 11 ~l 0 IFA I ~"',
----~-- $(A( .I ):t:*2)-G*A (() .StGN/(CKf I) **2') "'ZFTA'tl:T (1)/ A ('1 t~S Q( I 1 ~-
050 COL=COL-ZETA*FCT2*DELT*11./F(131+1./F(1411 'I;"
051 :J ( I, 2 1=0 ( I ,1 ) + COR IC Ol _::;
Q2.L 1.93 CON TINUF. _. ._. ~.~:
053 J=2
054 . GO TQ..lOOQ. . .. " . ~ .. :;9:
055 15C CON TINU:= -;~;
056 RETURN '~:
057 END ';t'
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_}~~~;~g_~~~~Fj~;~~~~~~~X_,R_I_7~-_.-__ _ . _ if
CO~MON/XI A(Z,7) ,'l12 ,71,(,)12,7),13(7) 1
COMMON/BLOCK41 DELTM,MOUNT1
:OMMON/3LO:Kfll J"'1,NP,NOAV,QQC(2I,HHII(?I '.;
COli,MON 113L0: Kq III DEL X,A £II (7 I ,II 132(7 I ,II 133(7 I , A134(7 I, 13El (7 I, 13E 2 (7 I; I

5, flF 3{ 7) ,BE ,,( 71 '1
CrJ'~~lON/3ln:KI\/ClI71 ,CM(7) ,CHI7l ,THFTAI71,MCT,O'lEGA(7I, J t:O>_.:j

'f; l\lF~ ,gET,,-;G-A'Mt:IA;AH:ti2~ii-;-ti-CQf2-,Y) ----" --.
__ ~C.lJMt.HJN/3l0CKI3/AMANCOI 71 ,HI ROI\13701 ,JMAX, II, lZ, liN, ADD171t TADI?i

C R-EA D NO OF :; RID "PriI Nt~DTsTANC E, -01 S T ANC CINfEiN Al !
R['AD( l,1el': JMAX, Xl, DELX .. \
WR1 TE ( 3, 7.001 !
WRI TE! 3.2011 Xl,eJElX _ -------- ....:..=
REIIOI 1.1021 (T( JI ,IIRl J\ , J=l ,JMIIXI 't.'ou 10 J = I , J I"A X 1

-oTsi';IJ:l)*hrt~X/'i7R(): - _. .~
IFLl.EO.IIOIST=I. J
\oIRI TE ( 3, Z 02 I DIS T , T( J I , II R ( JI , J ~,l
A DO ( J 1 =A R I J I ,!

- -- 'TIIOTjj=TI-JI- ' - --t - - -.':1
,10 CO"l TlNU: 'r~1

REA-~OUGHNE-SS 'cflEFFlCiEN"'r-cF-i'l1J, Gino -pcHirs"! '\
RFAO( 1,103)( AWltJCfH Jl ,J=l ,JMAXI ' .11.
WRITEI3,Z031{ AI'1IINCO(JI ,J=l ,J"'AXI If

_l,2..Z FORMA T( flF 10.2) _ .,.
101 FORMATII5,ZFIO:31 ~
200 FORMA n II/Z OX, 'OA TA F GR G RID MODEl' ) • ",I
ZOI FO~MA Tl III O'X;'LENGTHOF-E StUll RYMA RJ AT-i\-;-'-,F io .0,' F EE~.', IIIOX, ~

l' SEGr~ENT lE NGTH ' ,F 10. 0, 'F EE T ' ,1130 x " ***s eH EMM J Z AT IONH *' /1:'5.
Z'MIlE',13X,'B',llX,'AREA',5X,'S[;CTION') 'I '-::.;Jt.

--=- 202 FORMATl10X,FB.1.2F15.0,5X,151 1;~
i-03 FaRI~A TI SF 1 ii-:-~ " ~'J.
203 FORMATlI/lOX, 'ROUG;-lNE SS CO-EFFICIENT /IT THE GRID POINT', I, .;:"ij

$(5~,OF10.311 ' "''2!,~
030 KK=NDA V*Z4 .: .,' 4[,
031 11=1 " ..:?i
O':L2. ' 12= 2 . :Y"i-"
033 -- .----J;.,1=JM~:-C--_._------- ---------- . ~;11
03'" Il.Dfl Yo:): l X • .__ "Ii/~
,)]5 DO 20 J= 1, JMIl. X .,:t~/t'
:1:36 REAOll,l20) BElIJl,BE2(JI,BE3(J),BE4IJI ". ':lit,
o J7 "" 11. 12 00 "" J> .,," J> • AB31 J> • AB'. '"' •• '~I
:>38 20 CONTINUE •• .....,
t'n9 - .- "WR(1({'3, 2'50') - - ---- - --- -------- . .'
04~ .W~:R-'.1.TE_I_3!.2_5Z_1 _ ' ------.-"---- ;,,~
.Jltl DO 30J=l.,J~AX .. ' •.,~j
I) 4< WR IlE ( 3, 256) J ,0 El l ,n ,AR 1 (Jl ,II E2 I J J , II132{ J I • 13E3 I J I, AB3 (J It 13E41~

1; ,~3 4( Jl -- ,p,I¥;
3 G CON 1 J N LIE ' ' .-3f

C.- ----REII)- INll1tll'- CCj''iOllToN', WATER LEVElCiTISCHf.RGE ., :>
_______~E~Q.U!_1.~OI{~( ~1 ,J!.. '.~=,l..1...J.MIIX) ~-'-...;....."-' "-

R~IID( 1,1201 «(~l Ii ,J) ,J=l ,Ji4AX) (~. ~1:~}~
• l, ...

~j ,'~-------_. ~.' . --- ,'- ,- -, .~
o ~--------, '::-::,~

Uti
J02
)03
)04~--'
)05
J() 6
)07
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n liT ETIDEZ
SU~!{(}UTI tiE TI)[ .;
CfWMON I:; I Tl 7) ,.\Il (7) ,R( 7)
U1MMON lONE I DE L T ,OF LX
CO M '10 N) x I A ( Z , "7i ,H 12 ; 7' ,Q I 2 ,7 I ,R (7 I
CO'~~'10N/B LOCK41 ilL LTM, MOUNT

- . - --, , ... cOt-1MON/3fntKR/'Jri.C,rii5,'f'H1AV,QQQIZI;HHH15T"
CO/!'MONIg LOC K 9/A 'J[: L X,A 13117 I ,11HZ 17 I ,1\83 17 ) ,IIB417 , , 8 Ell7 I, 8E2111i'
$ 3E3(71,BE4171
CO"l'1nN/3LOCKIl/CLI71 ,C"171 ,eN(7) ,THErIlI71 ,MCT, OMEGAC7__I,~_

.,--"-$--tiLF~;'3ETII ;GA"'MA ;AHl-iTz',7) ;iiQOCZ ,7 j .• -, .. ,' --" ---,
C'l"l/olON 13 L"lC KB/A '1ANC.01 7) ,H 1 RI:Nn7 0) ,J'~AX , 11, 12, lIN, ADO17 It r AOn

'OEL-T-;'OEl.TM*-("C.'-' ... - .. -.- -'~'~

00 44 J=I,JMIIX
HIli, J )=A HH I I 1 ,J I
Q( Il,J 1=/1001 J 1. ,J'

.,' AR(JI;~ODCJj '.-
IlJ I=TADl ,II
b;;;II'R'(j I il( J I +-1 e.
IFI HI Il,J).LE.I-DIl GO TO 5
J FI HI J 1, J I. LE• ( -1 8. I I :; 0 TO 85
iFIHlll,JI.LE.BE1IJII:;0 TOI
mH'f1T; jf; i.r:'.llI~Z( JIl'--GO 1'02 _.,
IFCHII1,JI.LE.£lE3IJII GO TO 3
T( JY='iKiji,{ J'j:::IIEl3TJi ,iIBE4i'JI-BE3 (J) I
Al Jl,J)=1I~3IJI+-T(JI*(H(Il.JI-BE,IJl1
GO 10 I,

1 TlJ)=IABlIJ1-IlRIJI) III-lElIJ)+lB.1
,;( J 1, J j =/\ R (J ) •. TI J I *'1H lfi.",-J I +-1B ~ i ..
GO TO 4

2 'TTj 1=( AB21 JI-IIBl -( -J,',/IHZ (JI -Bn i'JII
Al Tl,J I=IIB 11 J)+ T( J) *IH III ,JI -BEl IJl) i '

GlJ 10 4'
£., .!LJ ).=IAB 3( ,J,l-'Ii:l21 J) I I(HE; I Jl -BE2 IJI1, c ,

'AI rl,Jl=ABZI Jl+ 11 Jl *1'i"I (1 ;Jl-BFZ IJll '~, .~ 4~bJ ~6A~,~,1"J) 1fT( JH2. "(Ill II ,Jl+f)l) -- o_-,:.;~}:t
.;_i.; E,~J...L,J I"'API J)+-(ri{! 1 ,J)+18.1 *TlJl li~J
UJ6 W"Tl J 1+ 2. *1\ I I 1 ,J) IT ( J I 'H.Jio'i
:-tiT RIJI~/I!ll.J)/W '--I'd
03" 44 t-rMTlNlE - '-------.-----,\.,,"
Ji9' HI J2,11=rlIRCN(NPI+IHTRONINP+11-HIRONINPlI/36JO.*OELUMOllNT .. }~
~ i,:) --' _. '-IFrf iji[:"It:• ell' GO T-b 7'7-' - -- .. -- -_.-'" ,-- ';:~
l'41 IFlIIN.EQ.OI HIIZ,Il=HIIWt'llll
\)/, ~ 77 ell LL C [)MHQ
\1'-.; RETlRN
Q/,... :; I.RITE( 3,ZOOI 'J,J,HIIl ,J)
h~ 20G F(lRMATlSJ<,'ltl SRI) r-.OOEL THE \olATER LEVEL FALLS 8EL(J/

. "'i.~bfT6M' ;/1, '0=' ,F'i 0.;2 ,i:; X-,'H (11,', IZ-;' l-;i, F10.21
S 'HlP
END
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SIBROUI! NE CQ~Q
C[I~MUN/ONEI JELT,DELX
CU~MON IG I l{ 71 ,AH r 71 ,R (714 't"'--- --.•.---'--eil,., MO'NI xi' iI'lz ;7) ~'"ti2~71;lfl7. ,'7 j' ; R'('; i_...~..... ...,."

'.i ._J:.:)I'MON/B LOCK41 DE LPI, MOUNT . ,__ -------,~"",',
(,Ot~MON/~LOCK81 J"Il.,NP,NOIIY,OCQIZI ,HHH(ZI , ' ..
CO"MON/RLOC K'l/AClE Lx,ABl17;1 ,ABZ (7),/lB3 'l7), AB417I, 8El17 I, BE217!; 'L

$ BE3( 7) ,BE'.! 7) "'"::/
COfJ,MON/3LOCKIl/CLl71 ,CM(7) ,CN(71 ,THETII(71 ,f'CT,Ot1EGII'l7I. .<~k,:'. -.~-_. -i-c------rtFA~BETA,G-A M~~:\,;AH~.t-2,7'1 ,A QQfZ'-,71- ---.--_. . ----. - .:~'.,...
CU'1r'tON/BLOCKB IA~<i\NCOI71 ,HIRGN(3701, JMIIX, Il, IZ, lIN, ADonl, TIlDi 1'J,'

....-- - -------G=32. 2 -.--- ...--- .... --------.------- .---.- -.------- . - -~;~

DEL X=~D= L X-1 oar.. 0
Or) 10 J= 1, J~\l
11'( J.r, 1. 11 DE l.X=!I'1E LX

'--A- SUM-;-AT fi';j•.1 I+ATi l-;'J\' -.
QSU~~= Q( 11"J+ll.QI]1 ,J)
R 'S-U~--RIJ+iT+QLIl ". - -- -.-
/I'1IF= Al 11,J+ll-/\(11,J)
Q:)IF= Q(I1,J+1I-l)lll,JI
1\' J 1= Tl J)
j (:J+ iI= --Ii J.: j
C=JEL x,,(.j{ Jl+fl( J>t II .'1,'.-Q.. _ ...ri =~._-- - -" •..•..

E~-Z.*OELT
F~-F
Ot.=LH=H( lZ,lI-H( 11,11
P-K'; 2. *DE'L T*O') 1 F
C I' :-G "'DE LT*I\ Sl;M..... --DP;--{P- ....- . --~ ----.,,-=-

IF(QSU"~.LE.100.1 SIGN=l.O -"~~.•.
I F ( 0 SU~ • lE • 1 Cc.) GOT fJ 5 .:: :.
SIr,N= AB SI Q SUMI IQ SlJv, ~C.-- --.' - .5 t:"1'1=-~~il"JELT*Q(J C,JI/riSUM ---- ..- ----. --------".,,:'.
Ei' 2= 'j. 04"G *0 F-IT .It) ELx*o SUM*I\ I'A I\Ca ( ,I! **? *5 1CNI I?. 2?* /lSUM*RSUII."Y.,:;......-- ---.' '--'"i r---.- ' .- .... ...- ...._.-........ _., .".----' - "i:;1f:~~
E" ~=4. 'mE LT>lAll[ F '-'Q SU'VA SUM**z';';i£f' '
E-P=Of:LX-fP1<EPZ-Ef>3 . ___41""'.,.':,;.
F"=[)ELX+f::Pl+fP;'-~,P3 .'. ';,~
O'i(,pi;4.*QSlJ~\*QOl~,';r)[::Li7ASipi . . .,. '.--- ;,';5
PI(1'2"-G"JFlT"'AStr1"(-1111 ,J>lI-HIIJ ,JIJ j~'.?fi
i> ;,p -3';'-2''-;;'2*~,;,~)ni;;'f)f:' L x .CA';,lAN(j- (J I ,j(.:<;'1);'11"'*'2 ~'s-l (;"1 (Z.Z z* IISJ HI<R~~ij';:-•.. ~J;"

£1.?3'~) .1.'{;i~~
:'.(~ 4=2. ;'BEI. ~"!\I\j r *1 i)SU'-1**21 I'IS!I'\""'.''''''
<>K!'=I'Kl'l+PKP'''' PKP1-;'KD+ '.,"',
1'( j.r.T~ll :;i TI! .~ ~,i',:~';'
'. 'Fl/~=E ;'Cp-r "f P ; . \'::,

'\' Ftl': (:>'i;'p--r. <-{ i> I II".I~J" ~'C
I} ,- T'\ =(: <,C P-F *{; r I IE 11::1" ' .. ','C.-" o.I;t;
G'•.:"'-'l\~'(C~'P"P-Plc,;::0) Ir ~IH~ < fi:

f r:,.( J 1=I)P "', -fJ *[ 1'1 It C*f P-C P"E) ~.'.:.:.~,~..'--~,',.~.-l•..•',.r.,,":"',':"'.',','.C~.HJ"};{F'p~E-f*r jJ) 1{r:)~rfL:.tp*[j . --- - ,-;....~
r "I J 1"'( P KP ;,< - P K"[ 01 I ( C 'l<[' I' -C P" E I

"n 'I ~( j= l1Y~'1;-'" _n,,_ - ~il{t
I,':~\.?-'~,........
,:-f~:<5~'.
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) f' J=PK+<: *)E LH
PJP=PKf'+CP*?ELH
THETA( J)=l DP*E-[j"'f PI IIF *l: P-FP*fl

.''-'-O',1EGI\( J 1='1f'JP*E-PJ*EPI IlF*EP.:FP*E'----.---- .. -'
Gn Tn 10 --,.

-_.---;> OENO=F *( C P+E P-*THETA-(-J-.--l-)-I---F-P-*-IC+T*T-HET-A-(-J---l'TI.----------.\~
IF(ABSIDENOl.LE.1.1 :;0 TO 6 "
T HE TAl J 1 =1 !) P *1 C+ E:,.HiE' T/\ I J -1 , I -0" ( C P+ E P",T H ET II I J -1 I I I I 0 END )
O'IF.GAI.I'=( I PKNEP'lOf.!EGAIJ-l) l *IC+E"'THET /I(J-lll-(PK+E~OMEGAIJ-J),}
i(CP+FP*TH~TAIJ-ltllJ)FNn 'I

1 C C r) \J T IN U:: ' -";,-- ----------,:"'-RE TlJR'N'- -.---------- -, - _.._- . -., --_._-

END
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)0 1
)02
)Cn104(----
IQL_
106

SU3ROUTINE TlDD
COMMON /ONE I DE: L T ,DE LX
COMMON I':; I Tl 7) ,AR (7) ,RI 7)

. -... -.---.COMMO-NIX il.i-( 2 ;7i-,f({2-~-71 ,QIZ ,71 ,B(7)
CO~lMON/3LOCK81 ,nH ,NP,NDAY,QQQ1Z1 ,HIlHlZI

- -- Tm-1MON73LOC~9itiD~ Lx;iiBl f7f ;11132<i)- ; IIU3(7Y;AB,.-rrr, BEln), BEz17I,""
$ 3E317I,t\E''(71 .'
CllW-10N/3LOCKA/CLl71 ,Cr-'171 ,CN(1I,THETA(71 ,r-'CT,OMEGA(7),
$ ALF~ .3ETt' ,GAMr-',A ,A'lH(Z,7I ,11'0(2,71 .
COI.\~ON Illac KI\ IA MA'NC o"l7T,H I RON 13 ib I , -lMAx ,- If, 12, I-I N-, ~A~D~D-(=7~1-,=T~A=O"-:{"n

C COMPUTE O(Z), AND H(ZI FOR EVERY GRID POINT IN MARJATA
) II '} - '-I:Ji-Y 2',-j MII X I ;H~-jH iii" - ---- ._.---- -.-....-.- --'-'.:..:..:...-'---'-------,,
1'.0 J=JMl -".i,
111 DELH=H( !Z"IMAXI--J(ll,JMAXI
P.Z 4 OEU=THE TA( ,I) *OE L'HOMEGAI Jl
'13-- --Q I 12, J+l j-='(} I i i ;J~fj +DELd---
) 14 I FI J •NE • J 1'1 11 :; 0 Tal 0
)15-------- '.'--(f(-l-i~j"4~xj;QQQ(lf ._. ---~.~
lI6 rJELQ=Q(12,JtJ,AXI-Olll,JMAX)
)J.7 10 J=J- 1
118 IFIJ-llb,5,5,,;
)19-------S- DELH;5ELH *t l( J+TT~Di:To*c MTJ+1) + cNeJ":i!' . - ---- ..- I -•., - ~,
)20 H( 12 , J + 1) =H( I 1 , J+ 11+0EtH' .._------------- --------" ...:,.:;,
121 GO TO 4 •.-'-',
12<, e DEL;;I=ALFt,*)ELH+BETAi,<DELQ+GAMMA "-
1?3 0 I I 2,lI=Q( 11 ,11 +DE 1.0 . ;""
1?,~ .. DO 405 J=l,JMAX ~-E
)25 ---A-OQ-O-I!Z-;Jl=QfTi-,-J-)------ ----.--------.--.... ".,.,r
1Z6 AHHI I 2,J I=H I 12 ,Jl ~"".~#.c£.)"21'---- AOO( II,J J=0{T2,~----.---- ....__. -.------- ..:,:

,~:

)28 ./lHHIIl,J.I=H(IZ,JI
129 Ol I l,J I=Q( 12 ,Jl
130 HI Il,J )=H( 12 ,Jl
)'1.-1------ 4(5 CONTlNU: ----.-------------- ..--------

U2 RETURNf"3 3-~ -- .---.._------EN) --.---_ ... - ..-~---
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l
1T rill 5:!

~
1(J1 SlJ3~OVTINE :(}MS " ~l!,
102 I) H~EN51liN [) ( 51 ,E ( 761 ',", ~"'tl
1(J3 COMMON/3LCCKlI OI76,ZI,HI!,O,ZI,NB,NN,NJl16I,NOI761,QGORAII2I,"f
._- t{' ,--- -'----$-Q- ...,'-A-oi~vC2 i~(JRPljjd2' ~ Q'jI1.JTi'( ? ) ,OMONGL-(Z 1-,QBsTlil, OELX 176 I ~ .

)01. C__1_1M_M_r.JN_/3LO:K? I lE Til ,Ll (601 ,LZ 16J 1,13 (nJ I, L4 1601, 00176 h ••.
--,- $ G, 0 I F~C761 ~CK(761-;i i";OEiT,F (~:i)--;s(6 Ol~ C 1761;55 1601 -1

cm~MON/:3l()CK11 Al 761, T1761 "
COMMON/~LOCK51 Efll761 ,El(76),EZ(7!» ,F:317(,l,E4l16i,Alt761, ,J

$ .-/\ 2( 761 ,A 31761 ,A4( 761 ,RMl761 ;1
COMMON13 UC-K7Ts'~-;sC(f;61-;E f.rM-(f~-l;ERi ;'EK2 , Kill' P-J\ ' ''i
CO''-MONI3LO::KA/CLl71 ,cr'(7) ,CNnl ,THETIII71 ,IICT,CMEGAI7I, ''$j

--l,-ALF~ ;3ETII-,GAMMII ,A-l.rl? ,71 ,Aell(2 ,7'- --- -- -~.l
\09 CO'-"~ON/XI Al TIIF (2,7) ,11111112,7) ,(JADE (7. ,71, 8ELII(7) 1
>10 C,WMO~/~ 1 TAl{E0l71 ,,\P.IF(71 ,RIIIS(7) _"1
) 11 E7= E K2"'/\ 3 S{ SM- SC 11 , j' <,-:\5
ilZ -v=A;)QTT~4TTA-LTAFTl;41--- ----- '~
)13 E6=EK1"'0.02"'\i*RAISl'd**0.B333 , '.~
114 E( 1 I=E 6+F 7- ..•.. ,. ----- - -- - -. ,'Iii
115 [) ( 1 )= ( 3. * SCI 11 .• 5 r4) 14. *" 00 (l ,!+ I -A l T /IF (1 ,4 1,. E III ~ IS CI 1 1-5'" 1/460{;t
) 16 V=1 /I I 1) "0 E L X( 1) • A « 2 I "DE LX (? ) + II( 3 I *ll ELX 13 1 + ,\ Lf /IF 11, 4 I~ 24000 .Iitt
) 17 . 5c'i 1) = SC lJ-JiQi 1:.' !~E LY..~___ __ _ _ n_ n_ __ . Ej-
>18 IFIS:;11l.:;r.200Co.m SCll)=2DODD.D '"I.
llO? rFISCIU.LT.15000.015Cll)=15000.0 e
120 DO 51=I,NB ';1'1
12)t E7;'EK2*~B 51 SC I NUll») - 51: I NO( 1111 i,J~
)22 V=Q( 1,1 I ltd I J ,', ,,;"'~
J13___ E6=EK1*cNMl lJ--=V"R~IIl "*0.8333 '-!J
) 2 4 E I r 1= E 6+E 7 ' {~
J25 IF IEIII.LT.1.1 E111=1. ..__ Ii
)7.6 5 CUNlINLE ' ~
)27 00 40 1=I,NN' b
) 2 8 J = I /1'1 SI LlI I I ) I , 'fj
J29 K =lABSIL2(lll I ',rri,
130 M = lAg SI13( I ) ) o,.i\1
131 N =UBS( L~UJL_ . .___ ".'1)-"1
)32 Jl= lAB Sl Lll r II ILll1 I lEt,'i}::J
l.33 Kl=14i3SIL21111/L2111 ',i~
1:\4 ~1l= lAB SI L31 r) 1/13 I II "fi:~
135 Nl=!IIBSIL4(111/L411'. i;({1
J j (;- .--_.-' ~ -iF(N VI j)~NE-.Tl-- "~~-N!YIJT- - - '.- -.,---' ,'.xt
) H ,__ .JF!NVI J j.~~~~ lL t~_=~_U( J) ":;~!1
>3B------ IF1NVI,II.NE.11 ;0 TO 41 '.;1~
)39 MII= NUl J I ~ •••
)'.0 MB=NOI J I ''\1;'1
]'tl __ .• __t..c~.!~.LJ:..J_~_:!.~_'"~:,!.r~A" s: ~ I',ll..! J I!+ •• ~q( J,l ) "'Jl -~~_!:~E!.:!~!IS C«MA1-5 C1'1a".)1~'t::f,'

S DELXI Jl . .'. h'
.-----ivlt~-~-~~~:t:~;Pi;;O~Z- - - ",' ,.- ," "~,"l

I FI "U( K ) • tJE • I I "Ie" fo..")( Kl • ,~~
------'---.-l-r-l-N-' V-I K)•NE• I' t{) =NU(Kl 'Lt!

. IF.i!.l.u~K)~NF.I} :;1) Tg ~~_. . ... . '~,:~
MC=NVIK} .. ~~
M0= ND ( K I ,It I

.. - .. (,T6c;~ l;-ry.- ••sc I ~\C)+ SC(M~Tl7i,:""'oIK,lT*y.r-=-lIlj(T¥I:-(f( rns CIMCi-S CI\lIJ1J,tl,- 5
\ .~t\'~i"':<:...•

. ; ,!:':'~, .
j •• ~____ ~cJt.\,
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050
051
O'i(
q j ~o
o }I~
()55

p s_8. _
059

J:l60
L'61.
.062
0'>1
064
Ot,5

S DELXIK) ~- - .~'i/.• IF(M.EO.NB+l) O('3}=O.O .-.'
IFIM.E:l.N3+11 SO TO 46 ;i,

... -- .. --TFI Nut:"1T:"iJE:Ti ..- -'M:; =NDTMI"- -. -- -- ',:
I Fl N U( /4 I • NE. I 1 fF.-; =N UI !'!) -c,,' ,:
fF-lN-un.I •.~riE•.I j ';ij' T"ci-i;Y"-:':
MG=N Uf r-1 J . I~-, ,:"[

MH= NOIM)';
47 0 I 3) = I 3. * s: ( Me;I + SC I M~ ) J /4. *O( /'1.1 ) "'w,J -II ("I H' E ( M1* (S CI MG)-S elM HHi-.- ..----:i----oTCx(M) ._. ----.- .. --~ .. - ... ---- ... --. ~'"
46 IFIN.EQ.NB+ll :)141=0.0

.... ----IF( N~'E'O>1If\+ Ii -- ',; o' r"n - 48
I F ( NUl til I • tilE • ! I ME = NO 1 t\l
I Fl NUl N) • I)" • I J -,..-F'-=-N.-'U-(-N-l------

I FIll VI N I • NE • I ) SO Tn "5~1F=r~{u1-N1 .•. -~ . ~ - ---~-

"1F=NDI N) .1 .,
- 45 D( ttl = f 3. de ( I~E-I:" -SC I HFII 14. *Q( t\,1 J*illl"':A(Niii'E-INT*(S C(M E )-S elM FT),

$ )ELXIN) . 11.1
066 48 IFl I.E:l.ll GO TO 4C "
o (o! v= ( ~ I J) *0 E L XI JI + II ( KI "'DE LX l KI + II I M) ••0 [LX (M I + II I N I * 0 ELX (N I II 2. J,g~g---' .--.--: ~'f~:'~/t'rl~n:~~~1i~'ig':r::~~~T+D'41 ) *'oEL TI V --. {?

.>','070'-' ..- 4C-'(':iriJTJ NQ{--- . ---.- --.- -....--.-- . _._... --- . -.. . . -
07~ KAPPA= KAPPA+l

,072 IF( K~PP~ .to. 6) GO TO 53
:"07, RETURN
074 - '~3 'KAPPA;; 6 .,
';)75 WRITEl3,202) Ef(l,EK2
10'(6 'wRT1E( 3;206; IE (11 ,i ;'( ,NBI '.J
1':]77 WRITE(3,ZOlllsr.1II,!=l,NNJ "------------------~ ..•orR RETURN ".'

'079 20e FORI1AT( 9X, 'LOI\7.I TlIDINAL IlISPERSICf\ COEFFICIENT = E(II'/, (lOF1~~\
.. 20Cf'lJEf •..f(1'(lox'-'SA.'lINJ TYAl' JUNCTIONS i ;Ii .,tT5-x,F"l2.21 ,I .~'~~:;':~
.J0?' .~_~~M~Tl, !.O~.' 'EK~ '" ,!~!~~.2..,10 X , 'E K,~= • , Fl O~.2.'.. .-;- ""/\
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. .--'::-:-'.
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