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ABSTRACT

The purpose of this study has been to assess salinity conditions
and its movement in Pussur and Sibsa rivers, Salinity distributa-
tioh 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 salinify

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. Howevef, the major endeavour was in an
analytical approach; with fundamental continuity, momentum and
salt balance equations; to éenerate 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 Kunga for any given
hydrograph of Gorai-Madhumati and hourly water levels at Hiron

Point,
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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

INTRCDUCTION

1.7 General Information'’

Bangladesh is a riverine, deltaic country with the Bay
of Bengal bordering its é%uth. salinity intrusion from the
sea is a problem during dry seasons for the southwest region
of Bangladesh., With incﬁeasing use of natural freshwater
supply in rivers for human consumption, agriculture, industries,
etc., the problem will aﬂtain greater dimensions in years to

come, q
i

To prevent inundatidh of ccastal areas by saline water a
very extensive set of polder projects known as the Ccastal
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, supplemeﬁtal irrigatior. water along with conservation
and control of freshwateriéupply is neceésary 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 freshwater from the rivers.
Considering the full irrigation development of Ganges-~Kobadak,
Faridpur, Barisal, Ganges North Bank and other irrigation pro-

Jects in scuthwest region, the water requirement during April




will exceed the average flow of the Ganges and Jamuna combined,
based on data of Bangladesh Water Development Board. This
dwindling of the freshwafer 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.(196l)
did the first salinity measurements of the coastal areas. In
1966 salinity study was conducted by Leedshill-Deleuw Engineer-
ing Company (1968) by collecting samples from 55 stations at
different times of the yéar. They considered 2000 micromﬁo
electrical conductivity to be. the acceptable level <f salinity
for rice irrigation and presented a monthly movement .f 2000
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 predicticn 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,
hydrology, channel morphélogy and sediment transport character-
istics in the area by NEDECO (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.




\Lr_

The short term effect was studied by comparing the base year
of 1967-1'68 with the diversion years of 1975-'76 and 1976-1'77.
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 XKhulna and beyond is completely dependent on freshwater
from the Gorai-Madhumati to prevent salinity intrusion. To
evaluate tﬁe long-term effect of upstream diversion, the effect
of 10, 20, 30 and LO thousand cusecs of upstream diversion on
the historic discharge record at Gorai Railway Bridge was 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 dfftake,

the prediction of salinity resolves itself.. into prédiction of
discharge. This analysis resulted in the correlation coeffi= ...

cient of various<stations.

1.3 Importance of the Study

It is now extremely important to investigate fully the
seasonal advancé and retreat of salinity ﬁ;pm the Bay of Bengal
with changes in various parameters, identify the areas with

year-round acceptable salinity, analyze the magnitude of impact



of possible prolifération of the problem and suggest specifié
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

cemplexities.,

1.4 Scope and Objective of tﬁe 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 v
k}. Baleswar-Haringhata River and the Indian border is also too big
| to describe the sensitivity of the relétively 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): '

—
L

The Meghna-Tentulia Compartment
« The Arial KhanFBarisal-Buriswar Compartment

The Gorai-Madhumati-Baleswar Compartment

L

The Nabaganga-Pussur Compartment

v = ow N
L]

. The Kobadak Compartment
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The ﬁresent study is confined within the Nabaganga-~Pussur
éompartmenf, 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-BO ft are available upto Mongla (which
is a seaport) about 50 miles from the bay and about 10 feet on
upto Khulna, abouﬁ 80 miles from the bay. Khulna is the princi-

pal industrial and commercial center in the study area.

The primary soute of freshwater in the area in dry season

is from the Ganges through Gorai-Madhumati. The Mongla~Ghasiakh-.. -

21i canal provides a connection with the east and Sibsa with

the west. Sibsa does not contribute appreciable freshwater into
the area in dry season because the canals linking Sibsa with
Ganges dry up and there is zlmost no precipitation in the catch-
ment . area. The Mongla-Ghasiakhali canal also brings no
appreciable freshwater because it has primarily an east.west
crientation and that of the cotidal lines in the area too is

in the cast-west direction which has been found from an study

by NEDECO (1967).
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CHAPTER - 2

TIDAL DYNAMICS 1IN 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 & convergent estuary the amplitude tends
to increase, whereas wave reflection from side banks and boun-
dary friction has a negative effect on amplitude. In long est-
uaries with smell bottom slope and without physical obstructions,
the latter two effects may dominate and the tidal amplitude may
gradualily diminish. - The motion in such estuaries are character-
ized by shallow water progressive waves. Velocity in estuaries
varies with time and space, but may be censidered one-dimensional
when the width of the estuary is not too large. Velocity is
minimum a2t both low and high water slacks end is maximum in
between two' slack waters., It is interesting to note that an
estueary may simultanecusly have more than one slack wiaters at
different points in space. The motion of water is from high
water slack to low-water slack. Schematic representation of

such & situztion is shown in Fig. 8 after M.Grant -Gross (1972).

oy ¥ o e .t EENS - NI S




2,2 Mathematicai Model for Tide

f Two dimensional quantitative representation of tide is
very complicated owing tc complex influences of forces due
to sun and moon; reflection, refraction and resonance caused
by land and subsurface topography;-rotation of the earth;
frictional effects; density currents and such others. A one-
dimensiomal model is far more simpler to develop and has been
found adequate to simuléte tidal motion in estuaries which are

not very wide.

The tidal model described here was developed by-C.B,”
Vreugdenhil (1968) of Delft Hydraulics Laboratery. The model
can be conveniently applied tc a system of channel network.

The computation require$ a schematization procedure which
censiders the flew system to be consisted of a number of storage
tanks, connected through by a number of channels. The channel

Jjoining 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 NCDE and the channel joining the
storage tanks is called a BRANCH. The function 6f the node

can be visualized to accomodate all storage or mas§ transfer
effects while the branches dccomodate the hydraulic frictional

and inertial effects which exist between the two nodes.
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Ir the riode and branch computation technique, the

A following assumptions are made:

e

a) The water stirface is horizontal in each node

b) Oaly a uniform discharge exists along the entire
length of a branch at any instant

c) Water level varies linesarly from one node to the 33
adjacent nodes

d) The storage in each node is considered egual to the
volume of the water in all “ranches issuihg from that

node to a distance half way to its adjacent nodes.

. Fig. 3 shows the physical in%erpretation of the '.river

| geometry and flow conditien asswuned in the node and branch
schematization, Fig. L shows the timé variations of the dis-
charges oi the branches and'the water levels at the nodes
along a typical river reagh, The limitation of these assump-
tions is that each branch should be sufficiently sr=l1 so that
variations in cross-sectional area and roughness coefficient

in the reach are not large,

The governing equations are the unsteady free zurfoce

equations which can describe the main channel and bourm flows

_}h;’ and can be expressed as follows:w
3Q 2H
gt TS as=0 .., . (2.7)
w9 3Q @2 BA Q2 BM . 3o 2H , gh Qiod
2M KT M o= -—-— -w- A i S Y W + & = z

a3 :
(F K. )2
1=




In equat}ons 2.7 and 2.2, Q and H are the discharge and

} water level, q is the lateral digscharge per unit distance

which enters the channel perpendicularly, T and A a»z thé

total top width and cross sectional fiow area, K 2»2 M are
the conveyance and momentum correction factors, g iz the
gravitaticnal acceleration, x and t are the space and “ime
co-ordinates, The parcmeter K and M are defined ag

K. = j—’-J'-Lg AiR‘J?./B oas cee soe ees (2.3)

1 5 i
Ns

)
2
M o= 1.2

£V,
pQV

3

Q = E Q' and V e -"“-(-\L'"' 260 .o (205)
. 1 :
nl 5 .

Z. A,

i=

1 +

In equatians 2,3, 2.4 and Q.S, the subscript i s the
index number of the subsections:of the river cross s~ction,
The subsecgtion nos., 1;.2 and 3 are the left berm, main channel
and right berm% The ﬁepm R,V and N are respectivzly the
water densityy‘the velocity én@ the Manning roughness coeffi:m
cient, Evidently when the flow is assumed to be confined within
ng. the main channei M is equal to unity and Q4FQ3; V15V3; A19A3

are all zeroes.




2.2.1 Reduced Forms of CODtlﬂUlty dnd Momentum Equétions for
‘ the Node and Brgnch Model ' . T

Equatlons 2 1 and 2.2 are the continuity and momuntum
equctlons whlch describe contlnuous variations of discharges .
 1nd water levels with respect to time and spcce co-ordinates,
Using the concept of the node and branch schematization, the
river cross section and the flow condition are consideredras
time dependent functions and arc uniform within space interval
as shown in Figs. 3 and 4. To make Egs., 2.1 &nd 2,2 consis-
tent with the node and branch schematization, the partial
differentiatioh with respect to the space c?iﬁrdinate X, is

replaced by the linear changes of water 1evels, discharges or

Cross sectional areas, etc., with res spect to the distance along

it o4

the branch, The equations are thus reduced to partial differena-

tiation equations with respect to time alone and can be changed

to the total differentiszl equations with respect to tine.

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

expressed as

di _ E'Qiri - EQout
at 13

oo (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
Afrom the node to the adjacent nodes, EzQin and E:Qout are the
summation of the discharges into and out from the node. The

other parameters are previously defined,

aRE
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Similarly, the momentum equation in Eg. 2.2 can be written

44
B as
- 5o, - $q Q. - Za_ ) B
gg _ MaT [( 1n. out} node 1 +( in out node 2]
at A F1 5 Fy
+ (aymh)- (o ) Bhey Ly ). gAQte] (2.7)
2 2 1 L 2T T 2 3.
ATL A1 . )
(> K;)
] i=1
A, + A
where A = 1 5 2
T, + T
. M, + M
R 2
2
: (Ki)1 + (Ki)Z
. K=
1 2
1= 1,2,3

|

The subscripts 1 ang 2 designate the upstream ond down-
stream locations of the branch of length L, and i is the sub-
section number either of the bern or the main channel,

#

In transforming the c%ntinuity and momentum equations in

Egs. 2.6 and 2.7 to the finite difference equations, the

following finite difference schemes are used,

- ,
' i‘-%:(w-e)i—% + 8 (2.8)
t

t+at
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55Q dqQ) dq
— (1"‘8) e | + @_—"‘ l‘-n 7 s e '] (2-9)
fax s dtft dt

In Egs. 2.8 and 2.9, AH and AQ are the incremental
changes in the discharge and water level within the time
interval At, & is the weighting factor, the subscripts t and
t + &t are the times at the beginning and at the end of the
pericd At, For explicit.computation, 6 is equal to zero.
When & is taken as unity, the computation is fully implicit,
In general, Vreugdenhil (1;68) suggested that 6 should be
taken as 0.55 for numericdf(stability and accuracy in the

implicit ceomputation,

After substituting Eq{»2.8 and 2.9 into the continuity
and momentum equations as éxpr@ssed in Egs. 2.6 and 2.7 and

Tthe eguations obtained are Iinearized assuming the products

of water level and discharge increments, e.g. ( AH)z,(ZiQ)Z

and ( AH. &4Q) are negligible. This is true only when the
values of AQ's and AH's are small within the time At.

The process of linesrization is required to enable the non-
linear finite difference céntinuity and momentum equations to
be transformed to the set of lincar equations which can be
solved further simultaneously using matrix inversion or other
iteration techniques. A set of finite difference continuity
and momentum equation for the nodes and branches in the

Schematized river system can be cxpressed as
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n
By D
P og
: L AQ. . .. -
S89 80, AHy .80 BE A0 eS8 e 89 Sy = D
A8 g : : ; : :
W .
g g'ié ecngan,} + . ooecn,nAHn+ecn’n+/|AQ1 "o ecn’n_,_mAQm — Dn
O [ .
o
L ' AH FaX
= Efﬁ 60n+?,1AH1+ et ecnﬁi,n m+ecn+1,n+1 Q1 “‘ecn+1 n+m&Qm Dn+l
238 : : : - -
CJ:-#:’B o - . .
S Bg ecn+m,1aH1+ oo eCn+m,nﬁﬂn+ecn+m,n+’l‘m’l "ecn+m n+m&Qm_ n+m
= M|
SS * 0o LI ) ’ -'l'oo (2l1o)
b

where n and m are respectively the numbers of nodes and branches
in the schematized river system., The coefficients Ci,j in the
zhove equations are the function cof water levels, discharges,
river geometry and roughness coefiicients which are known fronm

the initial conditions or from the previous step of computation.

To SOlVL ‘equation 2, TO cxpllcltly, 6 has :to be tuken as
zero. In that case, the lnCILantS of water 1evels und dlS—
_churges are solvcd using - the known ilow condltlons at tlmo
ti. e., from the preV1ous step of bumputatlon of'from the 1n1-
tlal condltlon, for tho nodes and branches fur from the boundcrl es,
For the nodGSﬂand bra nchcs 1ocgted ncxt to ~the bound rles, tﬂe
-computﬂtlon 1ncludos the toundcry co ndltJons glven at the bouum

dary points at time t+ At.

For-an implieit computation i.e., © is taken equal to

R

0.55, the water level and discharge incréments-in Eq. 2,10

¢an be sclved using-matrix-inversion. ' The matrix representa-




g

£ tion of Eq. 2.710 can be written as

LB = [
K=lc] o]
where{@]is the coefficient matrix, [Xlis the unknown matrix con-
sisting of 21l AH's and AQ's, [D}is the unknown matrix on the

right hand side of Eq. 2.10.

2.2.7.1 Method of Solution

The numerical solutions are obtained through the iteration
process developed in the present study similor to the Gauss Seidel
Method. The iteration process is dévéloped through the combina-~
tion of the explicit and implicit schemes. The method has impro-
ved the model stability as regard to the time step which imposes
serious restriction on the explicit scheme. On the simplicity
of the computational procedure the iterstion process has shown
its advantage over the implicit scheme in solving the unsteady
free surface flow equations describing river flows in complicated
river networks. The procedure of solving the river flow using

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

Rewriting Eq. 2.10

BH+ L. BC, aH 4 8C) naqdQy+ 5.0 OC, | AQ =

Cowse )
—

Continuity Egs,
@

Ua-U

A ! ¢ ; =
n, H,|+ - Cngnaﬂn+ 9Cn,n+’lAQ’I+ . 9Cn_,n+mmm N

D
2

qAH + L ecn+1ynAﬂn+cn+1’n+1aa1+ ‘e eCn+1,n+mem= D1

]
+
-

@
Q.ﬂ
lw k]

n+ms1ﬁHT+ .. BOC AHn+BC

n+m,n ?AQ1+ -« C ol

n-+m,n+ ntm,n+m m n+m

‘branchedgfor n nodes

‘eae LAY e e e (2071)

Momentum Egs.

for mr
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Eq. 2.11 consists of n unknowns in the continuity equations
vy and m unknowng in the momentum egquations. The method of solving

the equations are as follows:

Step 1 Putting 6 = 0 (explicit), Eq. 2.11 can be written

in the form

Cqi,12H, ' = b
Cp 00 H, = D
'Cn,nAHn ' = Dn
133(2012)
Cn+1,n+1AQ? = N+
< >,
4 —
Cn+2,n+2ﬁ’Q2 = Pheo
.Cn+m,n+£ﬁgm = Dn+m
In Eq. 2.2, &8H and AQ can bz solved explicitly of all nodes
and branches.
Step 2 Putting & = 0,55
a) £&Hi is computed from the continuity equation of node i
by substituting A.Hq, coe BH, sBH, 4 .. AHn and AQ‘T’ AQm
-determined from explicit computation in step 1 into the cohtinuity
- equation in Eq. 2.11, -
*

/ : The same procedure is a1so used in determining &H's for all

nodes,




16

b) szj is computed from the momentum equation of branch j by
substitutingAH,], ,..ﬂHn and AQ,, ...AQj_,I,AQjH, .,.AQm
determined from explicit computation in step 1 into the momentum
equaticn in Eg. 2,11,

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

branches.

Step 3 Putting 6 = 0.55
a) sti is recomputed from the continuity equation of node i

by substituting AH,, ces AHi_,], &H., .,... &Hn and Q‘l’ Qm

i+
determined from step 2 into the cerresponding continuity equation

in Egq. 2,11,

The same procedure is also used in determining AH's for all
nodes., -

b) zin is computed from thé%momentum equation of branch J by

AQ

subStitutin_g AH,, ... AH_ and AQy, ou. AQJ._,I , AQJ'H peee AQ

determined from step 2 into the corresponding momentum eguation

in Eg. 2.11.

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

branches, i

Step i Difference between AH'S and AQ's obtained froh step 2 |
and step 3 for each node ezch branch is checked to see whether

they exceed the allowable limits or not. If the limits are

exceeded, step 3 -and step I are repeated until the differences

are within the allowable limits., In cascs that instability

occurs, the vaiue of At has to be reduced,
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|
5.2.2 Grid Model |

-4~ To describe flow condition iniKunga estunry a grid model has

been developed considering tho egtuary to be a single channel

reach from Jefford Peint to the honfiuence of Hansraj,Xunga and

Pussur rivers. The governing eq%ations which are used in des-

cribing the river flow are writﬂen ass-

2Q DH !
'“5;+T“§)‘_t'q=0 e e ioon e o r e (2'13)
S0 20 »a  Q° 2a “H n2qial

—— um - . ) = o e 2.1
~  oX _#z_ax-ng.ax + g ;;Q@— C ( L)

A

or return flows in the

gince there are no overbank spillaoges
A reach described by the Grid Model, the lateral discharge q is
H

dropped out from Eq. 2,13, 1In solving the pgoverning equations,
the following finite difference approximations'of impiicit

scheme, as referred to Fig. 5 are used

> . [ fEnar) £(P)+£(Q) -
=L _ _ - oo (2.15)
ot At 2 2
af 1
- — [ - @) ] e (2.16)
Ox AX —
£ = % [f(P‘) ¥ f(Q')} L e (2.17)
* In the above equations, f is the dependent variable which can be

either discharge or water level, Ax snd At are the space and time

increments used in the numericol computation.
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%ﬁ Refering to Fig. 5 for a small: increment of time At, the linear
relationship may be approximated in the following way,
£(P') = £(P) + Af(P) ... e (2.18)
£(Q') = £(Q) + Af(Q) ... e (2.19)

In Egs. 2.18 and 2.19, Af(P) and Af(Q) are small increments
of £ at the grid points P and Q respéectively, They are so small
_that the square and the higher powers of their values can be
neglected. Using the above linerrization Egs. 2.15, 2.16 and 2.17

respectively become

VBf‘ 1

A T [SoN pr@)] ... co (2,200
:i =A; [{ f(q) - f(P)} +{Af(@)-—df(?)}]_ ' (2.21)
f = %[{f(P) + f(Q)} +{Af(P) + z_".\f(Q)g _’ oo (2,22)

J

Using Egs. 2,20, 2.2, and 2,22, the continuity and momentum
equations can be transferred into two linear difference equations.
The following are the linearized continuity and momentum egquations

for the grid PQQ'P!' as shown in Fig, 5.

Substituting Egs. 2,20, 2.27 and 2.22 into Eg. 2.13 and simplify-
ing we get the following finite difference continuity equations
C(P,Q) AH(P)+D(P,Q)aH(Q)+E(P,Q)8a(P)+F(P,0) A Q(Q)+K(P,Q) = O een(2:23)

Y




In Eq. 2.23
g [ T(P)+T(Q) ]
! C(P,Q) = D(P,Q) = . Ax
2
E(P,Q) = - F(P,Q) = - 2A¢t
K(P,Q) = 2at[a(Q) - o(P)]
Similarly, substituting Eqs. 2.20, 2.21 and 2.22 into Eq. 2,14
and simplifying we get the finite difference momentum equation
C‘(P,Q)&H(P)+D'(P,Q)AH(Q)+E'(P,Q) AQ(P)+F'(P,Q) AQ(Q)+K'(P,Q) = O
| (2.24)
C'(P,Q) = - g At { A(P)+4(Q)) '
D'(P,Q) = gAt{ 4(P)+ 4(Q)}
8 &ta(P) 27/3g Ax ata? fa(p)+a(e)}
P BURQ) <Ak - * 573
A(P)+A(Q)  {A(P)+4(Q)F{R(P)+R(Q)}
la(p)+q(Q) LAt {4(Q)-A(P) { a(P)+a(a)}
a(P)+a(Q) A(P)+A(Q)}2
8 AtQ(Q) 2735 px AP $Q(P)+(Q)}
F'(P,Q) =Ax + -+
4(P)+AQ) S8(P)+A(Q)}{R(P)+R(Q)E/ 3
QE)+a(l  hat{aQ) - A(P)}{a(P)+a(0)}
Q(P)+a(Q) {A(P)+A(Q)}2
Atfsa(@)? - sae)n 2y -
K'(P,Q) = LL f_i (@ i (P} J+ g[gth(P)-fA(Q)}.
A(P) + 4(Q)
X 2u/3gAxA£N25LQ(P)+Q(Q)§ 2

H(Q)-H(P){ +
{ s {A(P)+A(Q)] {1 k(P)+R(QR

fa(P)+a(Q)} 2{:11:azA((;z)-A(P}i-ic:(P)+Q(Q)§2
Q(P)+Q(Q) {A(P) + A(Q)%Z
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In the above derivations, the symbols in the brackets are

referred to' the co-ordinates in Fig.5.

The values of £he coeffidients C{(P,Q)..K(P,Q) and C'(P,Q),.
K'(P,Q) of Egs. 2.23 uond 2.2 respectively are the functions of
known quantities -such as Ax, At,N ,g, as well as the discharges,
water levels and the gecmetry 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 Sclution

In solving for the numerical solutions of .the governing equations,
the finite difference equations like Egs. 2.23 and 2.24 are written
for every grid from upsiream to.downstream. The totai number of
equations zre equal to the number of grids i.e., NG whilé the number
of unknowns exceeds the number of equations 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 reducsd equal to .the ﬁumbEr
of egquaticns. The unknowns.are thus solved simultanepuély through

the uses of the technigue called "Double Sweep Method".

Referring to Fig. 6 the boundary conditioh ig 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', L
C(G,P) AH(G)+D(C,P) AH(P)+E(G,P) A Q(G)+F(G,P) A Q(P)+K(G,P) = O
Cf. * 08 L I (2l25)

Substituting the value of AH(G) into Eq. 2.25 and let
J(G,P) = K(G,P) + C(G,P)AH(C)
We shall have,
D(G,P) o H(P)+E(G,P) AQ(G)+F(G,P) AQ(P)+J(G,P) = O ... (2.26)

Similarly, from Eq., 2,25 for the same grid, we have,

- C'(G,P)AHE)  +D? (G,P)AH(P)+E' (G,P)AQ(G)+F! (G,PYAQ(P)+

K'(G,P) =0 ... (2.27)

Subsituting the value of AH(G), and letting

J'(G,P) = K'(G,P) + C'(G,P);&H(G)
we get,

D’(G,P)AH(P)+E'(G,P)AQ(G)+F'(G,P)AQ(P)+J'(G,P) =0 ...(2.28)

Eliminating AQ(G) in Egs. 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

equations results to

£a(P) =Y (6,P) H(P) +4(C,P) ... (2.29)
D'E -~ Dpt ‘
where, 7{(G,P) = -
' FE' - F'E
(G,P)
&'E - JBEv
B(G,P) = —
FE' - F'E .
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| Writing Egs. 2.23 and 2.2l for fhe next Grid PQQ'P',
A ¢(P,Q) AH(P)+D(P,Q) AH(Q)+E(P,Q) AQ(P)+F(P,Q) AQ(Q)+K(P,Q) = O

LI ) : ae s [ ) (2030)

Cr(P,Q)AH(P)+D'(P,Q) AH(Q)+E' (P, Q) AQ(R)+F' (P, Q)£>Q(Q)+K'(P G) = 0O

Substituting AQ(P) from Eq.2.29 into Egs.2,30 & T (2.31)
2.31, eliminating A H(P), and solving AQ(Q) in terms of AH(Q),
~e(Q) = 6 (P,9)AH(Q) +W(P,Q) = ... .es eee  (2.32)
where, ( ) ( )

D'(C+Ey ) - D(C'+E!
8(P,q) = Y e

F(C'+E'?) - F'(C+E-y )

1
.
.'I

D' = D'(P,Q) D = D(P,q)
C' = Ct(P,Q) C = c(P,Q)
B! = E'(P,Q) E = E(P,C)
F' = F'(P,Q) F = F(P,Q)
Y = Y (G,P)

- CKYFEYS )(C+E)- (K+E,€>)(C'+E'5 )

W(P,Q) = —
F(C‘+E“? ) - F! (C+E}))
A= BI(G,P)
K. = K(P, Q) o K- K'(P Q)

Similarly for Crld QRR Q', we have the relctlonshlp,

AQR) = e(a, R)AHRAO(Q,R) oee aw Caee 0 (2.33)
whér‘é' 5 T o ]
| . D' [ c+EB(P,Q)] ~.D. fCr+E! F
o(6.7) = ' [.Cx e(@,@)} ’ D. fcr+E' 8 (P,Q) ]
| Flcr+E'e (P,@)]- F' [C+E 8(P,0Q) ]
X
o (QLR) = [Kr+E'ew (P, Q)]{C+59(D9@)] - [K*EﬂD(PfQ)} [C'+E'9(P9Qi]

rlcr+Ere(P,Q)] - F [;C+E8(P Q) }
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Similar equations can be written successively for every grid

from grid GPP'G' to grid WXX'w!'.

Therefore, for the last Grid WXX'W', 2t the model boundary

we shali have

,:_xQ(x) = 0 (W,X) AH(X) +6)(W,X) BERT vee  (2.34)

In Eq. 2.34, AH(X) is known from the given boundary condition.
The values of 8(W,X) and & (W,X) can be computed using the values
of (U ,w) and 6> (U.,W) from the previous grid IJWW'[J'. Having
these known parameters, the value of AQ(X) can be solved directly

fI‘OIﬂ E(j. 2-3)—,Lo

Referring ngain to Egs. 2.30 and 2.37, we eliminate NQ(P) by

nultiplying Eq. 2.30 by E'(P,Q) and Eg. 2.37 by - E(P,Q), solving

for AH(P) we can get, g

AH(P) = L(P,Q) AH(Q) + M(P,Q)A Q(Q)+N(P,Q) ... cee (2.35)

D'E DE!
CE' - C'E

+

where, L{(P,Q) =
(P,Q)
F'E - FE!

A

M(P,G) —_———
CE!' - C'EH
: 1(P,Q)

- K'E - KE!
N(P,Q) = -

CE'" - C'E

1(P,Q)
From Eq. 2.35, AH(P) can be determined pPOVlded that the values

of AH(Q) and A Q(Q) are known.
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The computation can be processec upto the grid GPP'G' in
which AQ(G) is the only unknown. Since the values of a{JIM1)
and &D(JM1) are known meking possible for the determination of

Aa(G), at grid GPP'G' from Egs. 2.25 and 2,26,

2,2.2.1.1 Procedure

a) From the initial condition and pﬁysical data of the river, we
can compute the values of ¢,D,E,F,K and C',D',E',F',K‘ the coeffi-
cients of the cquations like Egs. 2.25 and 2.206 for every grid.

b) We can obtain the values of AH(G) for én increment of time
OHt, from the given boundary condition.

¢) We can compute the values of Y and &, the coefficients of
Eq. 2.29; ©'s and W's the coefficients of the equations like Egs.
2.32, 2,33 for every grid.

d) We can compute the values of L, M and N, the coefficients of
the equations like Eq. 2.35 for every arid.

e) From the given boundary condition et X', AH(X) can be
obtained and AG(X) can bé computed from Eg. 2.34.

f) We can compute AH(W) from the equation like Ig. .35 and
AQ(W) from the equation like Eg. 2.3L4.

g) Steps (e) and (f) are repeated from grid to grid until the
crid GPP'G' is reachéd. In this grid the value of - AG(G) is computed
from Egs. 2.25 & 2,26 with unknown valueé‘éf AH(P), AQ(P) & AH(G),
i.2.,

zZLQ(G)_ = K H(P) +RQ(P) + V
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where,

CD!' - C'D
X = CE' - C'E
CF' - FI(C
8 - CE' - C'E
. CK' - C'K

U =
. CE' - C'E

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

h) The values ¢f Q and H at time t+ At are computed by adding
ANQ and AH af each grid point to their values of Q and H at time
t respectively. The values of @ and H 2t the locations between
any two grid points can be obtained by interpolating the values
at these grid points.

i) The values of H and Q are used at every grid point in (h) as
the initial condition and steps (a) to (h) are repeated as far as

desired,

2.2.3 Connection of Node and Branch Model and Grid Model
The node and branch model is connected with the grid model at
the confluence of Hansraj, Kunga and Passur rivers using the

following approach,

Writing the equation for Q(JMAX), using Eq. 2.3l for the grid
model, we get AQ(IMAX) = o(IM1)AH(IMAX)+wW(IM1) ... (2.36)
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Where JMAX is the number off grid between the grid points JMAX

Y

and (JMAX-1).

For the Node and Branch model, writing the continuity equation
for the node number 1 at the abovementioned confluence referring

to Bg. 2.70 and Fig. 7. 1

AHy i (Q1+Q2+Q3—QJMAX) +7\AQ,|-+.7~~AQ2+ 7\43@3 - AQyuax

Lt F1

vaw (2.37)

where Qq, Q2 and Q3 are flows in the branches which meet at node

1, F, is the surface area of node 1, and A is the weighting factor

1
equal to 0.55.

Letting H, = H(JMAX) or Af, = AH(IMAX) = AH

F
A= Q +AAQ+Q+NAQ Q.+ A A G -Q(JMAX) and B = i
1 172 2 3 3
. , Ot
Egs. 2.36 and 2.37 can be rewritten as
AAQ +BAH = A
AG + 8(JMAX)AH = - (S(JM1)
Solving AQ and AH simultaneously we get
A +(IM1) A
AH= 2 e 0 .o @ s s (2-38)
. B - e(JM1) A ‘ :
A8 (IMT)+.e0(IM1)B
AQ: — ce e ieen o e (2039)

8(JM1)A -B

Egs. 2.38 and 2.39 make 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 6 and (& are

computed from the Grid model.
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CHAPTER - 3

SALINITY INTRUSION IN ESTUARIES

3.7 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 (1965),
In stratified estuary river water being less dense than seawater
flows as upper layer. Due tc frictional drag. it entrains seawater
from below. Mixed water being less dense than seawater, the pro-
cess 1is 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 ccean and is referred
to as salinity wedge. The action of this wedge may be comparad
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 Qs moving upstream near the bottom is halan-
ced by the flow QS moving seaward. QS 1s decreasing in the upstream

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 zlso indicated in Fig, § for the ends of the

intrusion. It is seen that at station (1i) the pressure correspond-
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ing to depth h is augmented by a constant amount YAh due to the
rise in water level needed to ovérbome the excess pressure( };-fy)hs
= Z{?hso due to salinity in the wedge at station lo. 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 tidel 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 =nd interfacial waves &t 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 ciearly evident. The intrusion cannot be
identified by a clearly defined boundary such as the interface, but
is only artificially expressed by a line inﬁicating the local mean
values of the salinity{lX over the intrusion length averaged over
a tidal period and over the depth., It is importent to note that the

density currents still generated due to ibngitudinal and vertical

O
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salinity gradients are 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

, P, F 2
a measure of the degree of mixing. Estuary number = L o
: Q T
U ) s
FO = ——~—E§E~. If estuary number >» 0.15, it indiCates well-mixed

Jeb

estuary.

3.2 Mathematical Model for Szlinity Intrusion
Mathematical representation of saline wedge characteristics
can be done fairly aocurateiy in stratified flow. Length of the

saline wedge at ebb tide is given by A.T. Ipven (1966) as
2 -5/2

Vapo ; 2Uf 1

s o} Y ' v '

, v RN

(3.1)

{
H

—

LTS

The relationship of affineness of wedge is obtained by express-
ing the height of salt wedge h in termg of the helght of the wedge
at the river muuth h 50 and the d_ﬂtcpce L in terms of wed@e dength
LS. Table 1 gives qulne shape of urrestcd sallng wedge;'wh;ch is

independent of salinity of‘seawater,freshwater;disoharge, depth,




\?__

30

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
cennot te developed. In general terms{ 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 Tield,

2C dc oc¢ de Yy . Bc) 3 ‘bc)

— — Y e—— 4 = : + +

Bf+u23x be N Tz dx “x > x dy “y gy
> e

(e J¥r_- I

P Z Dz a ST ees (3.2)‘

where r. and r, 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 represen# the mass transfer by the advective
motion of the fluid. The first three terms on the right hand side
of eguation 3n2 represent fhe noﬁ—advective turbulent diffusion.

The forced diffusion induced by the preSSUfé 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 agreed. that no- enalytical methbds Have yet been

developed to handle the throe dimensional problem, and transverse
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variations (at right angles to longitudinal axis) are ignored.
1 : , .
’ﬁ The mathematical formulation of the unsteady; two-dimensional

problem requires four partizl differential equations:

1. Eguation of motion in longitudinal direction
» Equation of mection in vertical direction

. Continuity equation and

4—‘\»_;\3

. Conservation of mass equation for salt.

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

>F. or a formulation of the boundary conditions which are capable of
predicting the effect of changes in one or mere of the many indepen-
dent parameters which affe?t the salinity distribution.. Further
consideration will therefore be restricted to the unsteady, one

dimensional problem and since the predominant flow in an estuary

is in the longitudinal direction, & cne~-dimensional treatment in

most estuaries have been found adeguate,

By 'integrating equation 3.2 over the cross-sectional area

Holley and Harleman (1965) derived for one-dimensional case

2c . ac¢ 1 > >C
o "W-}— ———icm T re— (EA 'R e e 9 e -
TN T e R (3.3)
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-BEquation 3.3 is parabelic partial differentiallequation of

the second order which requires the known initial and boundary

' conditions for its solution. For rectangula;”ghannelsgyith simple
sinusoidal tide A.T. Ippen (1966) derived the following equations
analytically to describe saniiity with distance and time.

Ao ( 2
, Be(1.
C(x,t) U, , 5 cos6st)
gpemm— = @Xp | - ————— (N - (N-x)e + B! ... (3.4)
’ - C 2 E' B . /
0 0
heY 2rz
with N = —212 o=
ag T
o4 ., _
__g;(ig—;ccs;yt)
h U . ho
B = Q OQIaX (e ') - ,3)
aotf | o
Nto \./Bg
, E=45R_U_ . -
b o} o omax 1 .L86 RO’1/6

For estuaries with variable cross-sectional areas and non-linear
tidal propagation sclution of the mass conservation equaticn is
possible only by the numerical method, The solution of mass con-
servation equation has been of increusing interest. Lee (1970}
developed a model for water gquality 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. Orlcb (1967) developed a water quality model Tor
San Francisco Bay and Delta which is being used inh;he present

L
problem of salinity intrusion. )

R o
A
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Lccording to the numerical scheme of Orlob the channels were
discretized into a number of reaches and therefore eguation (3.3)
can be integrated with respect to x to give the mass conservation

in each channel reach as

M e : (3.5)
e = QC -~ AE oo e ees oo 3.
ot C* j d x

where M = mass of salinity in a given reach.
The sclution of eguation 3.5 can be best approached by the numeri-
maintained

cal methods, The mass continuity in the model can be

at the . node- while the mass advection and diffusion occur through
the channel. Since the tidal propagation is the cause of mass con-
servation and mass transfer process in an estuary the numerical
solutipn of both hydraulic and salinity propagation should follow

simultaneously. Equation 3.5 in finite difference fofm.

AN _ NC.
Lo C Q. - ALE, — L

. (3.6)
FANE v . 1 11 Zﬁcxi

L LR N J - e . 8

Ci may be taken as difference of concentration between the

nodes at two ends of the channels i, and X is the length

of the chamnel. The C, 1s the representative
which the rate of advection is toking plaée.

study of Suisan Bay found that the estimation
= 3C, *+ Cy
peint methed such as C = « v

L

concentration at
Orleb et al in their
of C by the quarter
(3.7)

*® 8 ® a & s

o \ :
best produces the mass advection in a first order equation. 1n

equation(3.7) C, is the mass concentration at

the nedé-- under
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consideration and Ck is the mass concentration at the other

1

pe node. . . of the channel under consideration,

The longitudinal dispersion co-efficient E is the parameter
to be calibrated in the salinity model, However, thc dispersion
co-efficient for z river varies with location as well as time.
!hﬁtcher and Harleman (1972) suggested the following expression
for E, \&C !

E(x,t) = K Nu rRO/6 4 cer ee. (3.8)

2 ax !
y 2 R .
where K, [Nl%}and Kz[fft /sec)/(ppm/Lti}are co-efficients to be

calibrated. The term KqNu R5/6 represents the dispersion contribu- -

. ted by the tidal current while the term K2 f<ﬁC * accounts for the

DX
effects of density gradient. It has been found that the co-efficient
11 generzlly has a value between 100 and 600 for natural riverss
K2 varics widely from river to river

£\
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CHAPTER = L

~ HYDRAULIC AND SALINITY CHARACTERISTICS OF
GORATI-MADHUMATI-SIBSA~PUSSUR RIVER SYSTEM

The study area is largely affected by tidal fluctuation,

4.1 Hydraulic Characteristics

The tidel limit extends as far upstﬂeam as Bheramara during low

water months. During-the monscon pericd the tidal fluctuation

cannct propagate sco far inland due to large amount of freshwater
flow. In general the factors affecﬁing the tidal propagation in

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

of the channel, upland discharge, transport properties of the channel
bed material, meteorological effects and bars characterising the

coastal processes at entrance of thé channel.

Tides in Bangladesh are semi-diurnal, i.e., consisting of two
high water and two low water in a day. There is a varistion of the
amplitudes of two tides in a day and such tides are called mixed
tides., Amplitude cf 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 diéchargé, the séa 1evei variation is mainly

due to the southwesterly monscon, The friction force exerted

by the monscon on the surface of‘the watér cauges 1t to rise in
the northeasterly direction of the Bay of:BengaI} This variation
of sea level is about one foot at thermouth of Kunga.

A
Il
The channel morphology, roughness and transport properties

of the river bed in the area are mainly those of alluvial rivers.
The channels are both straight and meandering typés ﬁiﬁh:bifurca-
tions and connective links whicﬂméke the crisébrossed channel
pattern., The slépe is less tha;:six inches per ﬁiIé. From the
study of NEDECO (1967) it has ban found that the channel beés

are mostly composed of fine silt with an average dBO values of

0,1 mu. The main rivers have the d90 valués higher than those of
the small streams. 4gain the d;o valucs are higher near the coast
than inland. The "apparent rouéhness“ which is the total effect
sf the roughness due to grain size and bed form is higher in inland
than coastal areas. The resistance parameter as defined by the

flanning's roughness coefficient has a velue of 0,05 at the inland

channels 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-Macdhumati is the primary
distributary carrying the spill water of the Ganges into the area.
There is practically no rainfall during the dry months of December
through February. The ground water data of the area under study

is not avallable.
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L.2 Salinity Characteristics

The Bay of Bengal is-the source of saline water in the coastal
areas of Bangladesh. Heavy monscon flooding prevents the saline
water from intruding ‘too far¢inland. But during the dry season
the tidal flow carries the szline water inland against the rela-
tively small freshwater' discharge. The variaction of the hydrologic
conditions of the area in space and time causes the Salinity to be
dynamic in space and time. The salinity starts penetrating inland
from November and moves farthest inland during 4April and Mey. Then
with the étart c¢f high flow, the salinity starts retr@ating.- In
1968 the lowest flow in April did not show the farthest penetration
of sanility. Instead, qu was the worst month of salinity. This was
beCAuse the sea level is higher durlp@ Moy than April. Figure 11 to

16 presents salinity condition of the southwwest delta at various

times. With respect to highwater and lowwater there is gﬁnerally

a variation of salinity at a section, This can be seen in Figures

17 and 18, but this reriodic fluctuation of salinity may not be found
in case of low salinity as shown in Figure 19 or very high salinity
near the estuary mouth as shown in Figure 20. The salinity variati-
on with depth have been found negligible. The tidal currents in th-
area are strong enough to mix the saltwater with fresiwater and
there is no clearly defined saltwater-freshwater interface. Fig. 21
shows the result of salinity sampling along the vertical collected
by the Hydrology Directorate of Bangladesh Water Development Board.

For all practiéal 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
& reach is the upland freshwater discharge. This can be easily
seen from the superimposed salinity profiles in Figures 22-26,
Flgure 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 freshwater dlschﬂrgc
was maximum (average Ganges flow for February, March and Aprll 1G68

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 chennels rlay = Very
important role ir pushing salinity downstream. Due to the channel
arrangement at Khulna, the freshwoter flow is confined to a single
channel a2t Khulna and has =a higher velocity than 5 or 6 miles down-
stream or upsﬁream 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 baoy waters, Thus, in
1968 with 3,80Cmicromhos registered only four miles downstream,

the maximum salinity registered at Khulna was about 1000 micromhos
But whep 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.
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DISCUSSICN ON CUMPUTER PROGRAM AND RESULTS

5.1 Computer Program

The mathematical medel developed to have an impression of
the magnitudcs of saline water penetration in Gorai-Madhumeti-
Sibsa-Pussur river system for different quantities of upland
freshwater discharge comprises a main program and 7 subroutines
written in PFORTRAN-IV, Flow charts c¢f these computer programs are
presented in Appendix - C., Computer programs are given in Appen-
dix - D, Figure 32 shows schematic representation of computational
procedure., For the purpose of computation the prototype delta has
been discretized into 59 nodes and 75 branches as shown in Figure 7.
The main program reads in the data necessary for computation in the
node znd Bfanéh_Model. Tt computes the water levels and discharges
in each node and branch by the explicit method usingrEq. 2.12. The
subrouting REP stabilizes and zdjusts the computed‘solution by
Gauss-Seidel iteration technique using Eq. 2.77. The subroutinc
GEOM reads in the data necessary for grid model end alsc the tidal
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 and branch model. The subroutine TIDEZ2 computes’
the cross-sectional areas, hydraulic radii and top widths at grid
points in grid model., It‘alsc interpolates the observed hourly

water levels at Hiron Point at the time interval At to be used as
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| the downstream boundary condition in the grid model. This subroutine
calls the subroutine CCOMHQ to compute water levels and discharges
‘at the grid points. The subroutine CCMHQ computéé{the values of ©
and &S for a1l grids in Eqgs. 2.32 and 2.33. The compﬁted 8 and W
are then transferred tc the main program and then to subroutine

REP for further computation of the incremental changes of the water
levels and discharges at the connection point of node and branch
model and grid model using Egs. 2.38 and 2.39. The subroutine COMS
computes salinity at all nodes using Egs. 3.6, 3.7 and 3,8. The
subroutine TIDE3 reéomputes the water levels and discharges in the
grid model at grid points with the value of water level in node 1
computed in subroutine REF and the values of © and 4J computed from

the subroutine COMHQ using Egs. 2.3L 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 elevations were assumed trapezoidal.
Table 2 presents the bottom elevation.and four .other specific ele-
vations, measured with respect to Chart Datum {(Chart Datum is that
level for a particulsr river which has béen recorded as the lowest
water level for that river), and corresponding specific areas.,
Lengths of the channels are given in tzble 3. The division of a
river section into a multiple number: of rectilineal figures have

been necessary because of irregularities of the river section.
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Figure 28 to 30 prescnts some of the channel 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 (ENM) and calibration constants
Kq(EK1) and K2 (EK2). Table L gives calibrated values of roughness
coefficients of all the channels. These ccoefficients have been -
obtained by assuming different values of the roughness coefficient
and then computing water levels and discharges. The set of assump-
tions which gave computed water levels and discharges wellnigh egual
to these observed and recorded has been chosen. In order to have
an ldea about sensitivity of the model towards channel roughness

Figure 31 compares computed water levels at Mongla for 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 [Nil]and 0.3 [ (£t%/sec)/(ppn/ft)}. Tt is to be
noted that different channels are likely to have different valuss
of parameters K1 and K2. If hourly records of salinity data at

sufficient number of stations are available, K, and K2 of individuzl

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 constant value
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of salinity, 33000 micromho haslbeen used due to non-availability

of salinity data of the seawater in the vicinity of Pussur river

mouth, I

5.2 Results of the Study l

To investigate the effect oﬁ withdrawal of upland discharge
freshwater discharge entering through Medhumati river into the
study area has been varied from 2000 to 10,000 cusecs. The extent
of saline water penetreation for each particular value of upland
discharge has bcen computed. Table 5 to 7 and Fig, 33 presents
computed salinity levels at Mongle, Chalna, Nalianale, Khulﬁa and
Bardia fer 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 moré salihity for ench case.
It is to be noted that salinity intrusion in *he prototype delta
occurs for several months, but in the present model the computa-
tion has becn carried for a few days and iterated several times
due tc iimitations in fund and =lso in memery spaces ovailable
in the computer used (IBM 36ON—FO—M79 3~6, total memory = 6L4K).
The results therefore should not be tzken o8 absolute, rather
it should be looked upon as the sensitivity of salinity to

vaeriations in upland freshwater discharge.

4 look at tables 5,6 and 7 shows that with increasing values

of upland freshwater discharge there is a decrease in salinity con-
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centration., 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 Naliasnala with reduction of salinity in Pussur.

This establishes the fact that the river systems are interconnected

in their salinity distribution characteristics.




CHAPTER - 6

CONCLUSION AND RECOMMENDATIONS

The conclusion th-t can be inferred from the study is that
upland discharge plays a very impertant role to prevent salinity
intrusion, Not withstanding the fact that there are other dynamic
characteristicsi such as chaﬁges in river regime, tide, ground
water contribution, etc.; which have major influence on salinity
movement, the upland discharge data can provide an extremely
useful insight as to the degree of deterioration of gsalinity
problems. Again the salinity characteristics of a single channel
in the delta cannot be considered indepsndently since there is
interchange and transport of salinity between channels in the
complicated criss-crossed chennel pattern of the delta. In the

light of this study the followings are reconpended :-

1. To predict salinity intrusion in Southwest region of Bangladesh
a hydrodynamic model may.be developed for the whole prototype
delts with scope for detailing part of the area if such need
crises. The model may comprise a 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 avails-.

able in the computer to include all channels in the delta.
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2, Tc make such a model reliable, care that should be taken in

3 collecting field data cannot be overmphasized. The data

|
required for such a medel ari neither too veluminous nor too
costly a venture. They should be recent., Previous data
beyond a few years are not néﬁessary, The data required

" are hydrographic charts of ch!nnrls, hourly water levels,

!
hourly salinity concentrations and hydrographs of flows

at upstream model boundary.

3., Tidal water level recorders should be located at important
estuary mouths. Inland installation of tidal gages should
be uniformly distributed in space. A total of 100 tidal

P % gages for the whole prototype delta should be adequate.
Salinity cbservations should be hourly and static. Some
salinity monitoring stations should be located offshore.
Inland installations should be uniformly distributed in

space, fi total of 100 salinity recording stations should

be sufficient for the delta and both .salinity and tidal

gages may be installed together.

. The present'practice of collecting static and dynamic
salinity data from field samples by Bangladesh Water
Development Bozrd may be improved by installing automatic

fJR salinity gages which will record daily salinity concentra-

ticns. It is relutlvely 51rp1e 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 negiigible, but to avoid interference due to water level

fluctuation it should be neer the chonnel bottom,
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SEA - ~RIVER MOUTH RIVER

FRESH WATER

—‘;—]

]

Definition of notations in arrested saline wedge

Tj’j‘.\. ')I.AE - 1

Liffine Shape of Arrested Saline Wedges
e

L/Lo hs/hs’] L/‘T“’o hs/hs’l L/Lo hs/hs’l
0.00 1,000 0.35 0.570 0.70 0.345
.05 . 885 40 .538 .75 .318
ule .812 A5 . 500 .80 .280
.15 .78 .50 68 .85 .2L0
.20 .685 .55 IVH0) .90 . 189
.25 «BL7 .60 410 .95 .138
.30 .608 . LE5 380 1.00 .000




TABLE 2 :
SPECIFIC ELEVATIONS AND CORRESPONDING AREAS OF CHANNELS
%% NODE AND BRANCH MODEL *%

Brénch Bottom

"No. g%evation E1 A1 E2 A2 E3 A3 EY Al |
(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 1,0000.,0 10,0 65000.0
(L) -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 1,000.0 10.0 9000,0 20,0 14,000.0 30.0 19000, 0
(9) -30.0 -10.0 3000.0 0.0 7000.0 10,0 11000,0 - 20 ¢ D= b 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 £1,000.0
(12) -20.0 -10.0 5000,0 0.0 17000,0 10.0 31000.0 20,0 }/5000.,0
(13) -23.0 -20.0  1200.0 -10,0 16000,0 0.0 140000,0 10.0 66000.0
(1) -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) -140.0 -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 1;0000.0 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 1110000.0 10.0 595000.0
(20) ~22.0 ~10.0 0.0 35000.0 10.0 65000,0- 20,0 95000.0

10000.0

* FElevations are expressed in feet above Chart Datum and areas in square feet.
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TABLE 2 (Continued)
Branch  Bottom
- No, .E%gvation E1 A1 B2 A2 E3 A3 EL Al
(21) ~50,0 -30,0  10000.0  -20.0  22000.0 0.0 50000.0 10.0 70000, 0
(22) " =40.0 -30.0 .. 5000.0  =20.0 " 20000.0 0.0 70000.0 10.0 105000.0
(23) =50.0 230.0 20000.0  -20.0 50C00.0 0.0 135000.0 10.0 4180000.0
(2 ~75.0 -45.0 . 37500.0 ~20.0.  112500.0 0.0 192500.0 10.0 237000.0
- (25) -70.0 -50.0  15000.0  -30.0 60000.0 0.0 157000.0 16.0 192000.0
- (26) ~75.0 -60,0  11000,0  ~30.0  100000.0 0.0 235000.0 10.0 285000.0
—(z27) -55.0 -40.0  22000,0 =-20.0 --102000.0  w===0.0 222000.0 -- 10, Oam——— 3000000 ___
:Tf/(QB) © =760 -60.0  9000.0 -10.0  1539000.0 0.0 205000.0 10.0 250000.0
- (29) 100.0 -60.0 L000C.0  -30.0  110000.0 0.0 230000.0 10.0 280000.0
- (30) 120,.0 ~40.0 120000.0 =-10.0  270000.0 0.0 345000.0 10.0 1}30000.0
e -15.0 ©.0  7500.0  10.0 17500.0 20.0 27500.0 30.0 37500.0
- (32) ~15.0 0.0  7500.0  10.0 17500.0 20,0 27500.,0 30.0 37500.0
- (33) ~20.0 -10.0 5000.0 0.0 16000.0 10,0 28000.0 20.0 L,0000.0
(34) -50.0 -30,0 9000.0  ~10.0 30000.0 0.0 L2000,0 10.0 55000.0
(35) -20.0 0.0  1000C.0 © -10.0 20000.0 20.0 30000.0 30.0 10000, 0
(36) -20.0 0.6 5000,0  10.0 10000, 0 20.0 15000.0 30.0 20000.0
(37) -20.0 0.0 }ooo.0  10.0 110C0.0 20,0 19000.,0 30.0 27000.0
(38) ~35.0 ~10.0  3750.0 0.0 7500.0 10,0 11500.0 20,0 15500,0.
(39) -50.0 %30,0 . 5000,0 .-10,0 20000.0 0.0 30000.0 10,0 L,0000.0
(L0) -20.0  2500.0  =10.0 10500.0. 0.0 21000,0 10.0 1,0000.0

-30.0

#* o :
Elevations: are expressed in feet above Chart Datum and areas in square feet.
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TABLE 2 (Continued)

L

Branch  Bottom

- No. .. . Elggation E1- A1 B2 A2 E3 A3 EL -W"Ah
(41) -35,0 . 0.0  12000.0 10,0  18000.0 20.0 21000, 0 30.0 - 30000.0
(L2} -40.0 ~2040 2000.0 ~10.0 £000.0 0.0 11000,0 10.0 © 16000,0
(L3) -30.0 0.0 6000.0  10.0 10000,0 ~  20.0 11,000.0 30.0 18000.0
(LL4). -18.0 0.0 1800.0 10,0 3800.0 20.0 580040 30.0 7800.,0
(45) -16.0 0.0 1600.0  10.0 3600.,0 20.0 5600.0 30,0 7600.,0
(L6) =160 0.0 1600.0  10.0 3600.0 20,0 5600.0 30.0 7600,0°

w7 -2k 0.0 24,00.0 " 10.0 . L400.O 20,0 64,000 30.0 8500.0

(48) . =y5.0 0.0 9200.0  10.0 13200.0 20.0 17200,0 . 30.0 21500.0

?(&9) ~30.0 0.0 4500,0 10.0 . 7500.0 20.0 - 10500.0% 30,0 14000.0

(30) -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 14100.0  30.0 14500,0

- (52) .=70.0 0.0 35000.0 10,0 1,5000.0 20,0 55000,0 30.0 65000,0
(53) -50.0 | 0.0  25000.0 10.0  35000.0 20.0 1}5000,0 30.0 55000,0
(54) -20,0 0.0 4L000.0 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° L0000.0 30.0 50000.,0
(56) . -30.0. 0.0 9000.0  10.0 15000.0 20.0 21000,0 30.0 | 27000,0
(57). =50.0 -30.0  5000.0 0.0 29000.0 10.0 L0000.0 20.0 52000.0

(58) =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 feét above Chart Datum and areas in square feet,



* | x v

TABLE 2 (Continued)

Branch Bottom

No. Elevation EI A% B2 A2 E3 A3 Bl Al
i : ,
(61) -40.0 - -10.0 3800.0 0.0 7800.0  10.0 12800,0 20,0 18000,0
(62) -10.0 0.0 5000.0 10,0 16000.0 20.0 28000.0 30,0 L0000, 0
(63) -30.0 0.0 9000,0 10.0 15000.0 20.0 21000.0 30..0 27000.0
(64) ~13.0 0.0 3500,0 10.0 135C0.0 20.0 27000.0 30.0' 1,0000,0
(65) ~30.0 0.0 15000.0 .. 10.0 25000.0 20.0 35000.0 30.0 15000.0
(66) -60.0 ~30,0  15000,0 0.0 60000.0 10.0 §0000.0 20.0 105000.0
(67) -30.0 -20,0 5000.0 - &3040 20000.0 0.0 112000,0 10.0 65000, 0
(68) -25.0 -70.0° 7000.,0 0.0 17000.0 10.0 27000,0 20.C 37000.,0
(69) -20.0 ~10.,0 5000.0 0.0 18000.0 10,0 - 13000,0 = - 20,C  68000.0C.
(70) ~15.0 ~10.0  '2500.0 C.0 18000.,0 T 10.G7  38000.0 20,0 58000.0
(71) ~25.0 -10.0 7500,0 0.0 20000.0 10.0 23000.0 20.0 L7000,0
(72) ~30.0 ~10.0 5000.0 0.0 11000.0 10,07 17000,0 20,0 2300C.0
(73) ~15.0 - 5,0 10000,0 0.0 25000.0 10.0 65000.0 20.0 110000.0
(74) -30.0 -20.,0 5000.0 -10.0 16000.0 0.0 28000.0 10.0 1,0000.0

(75) -25.,0 -10.0  3000.0 0.0 8000.0 10.0 15000.0 20,0 © 23000.0

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

ss



TABLE 2 (Continued)

SPECIFIC ELEVATIONS AND COERESPONDING AREAS OF CHANNELS
*¥% GRID MCDEL  *%

Segment Length Elevation LREA

frem Sea in miles B AR BE1 AB1 BEZ2 AB2 BE3 AB3 BEL- ABL.
0.0 ~-18 195000. ~12.0 325000, =-6.,0 L8000, 0.0 654000, 10,0 955000.
1.5 -18  .2R0000. - 6.0 LBOOCO. 0.0 6L5000. 10.0 950000.  20.0 11800000,
3.0 -18 215000,  -06w0  L9O00O. 0.0 634000. 10.0 B875000.  20.0  1115000.
.5 -18 245000,  -0650 T LB85000. 0.0 620000, 10,0 860000.  20.0 1115000,
6.1 ~-18 170000, -?2,6 25,000, -6,C 380000, 0.0 550000. 10.0 870000.
7.6 -18 172000. -12.0 27000, -6.0 397000, 0.0 353000, 10,0 910000,
S -18 253000, ~12.0 355000. ~6.0 500000, 0.0 675000, 10,0 975000,

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

95
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TABLE 3

LENGTHS OF CHANNELS - 57
*% NODE AND BRANCH MODEL **
Branch Length | Branch Length Branch Length
No. .. DELX(I) No. DELX(I) No. DELX{T)
N in mile . o in mile in milj.e
1 5.50 26 14.00 51 20,00
2 4 .50 27 7.00 52 5.00
3 11.50 28 5.75 53 - 4.50
I 9.00 29 6.00 Tt .00
5 12.00 30 3.00 55 9.50
6 17.00 31 11.50 56 8.50°
7 16.00 32 , 1.00 57 1.70
8 4.00 33 2.00 58 15,00
9 11.00 3L .00 59 12.50
10 8.30 35 .00 60 1y.CO
11 7.5 36 3.75 61 1,00
12 1,50 37 1.7% | 62 1.00
13 10.30 38 4..00 63 .00
¥ n "8.50 39 2.60 6l 2.00
15 3.50 Lo 8.50 65 .00
16 6.00 L7 1,50 66 7.25
17 " 9.00 42 6.00 67 3.25
18 10.00 43 20,70 68 11.50
19 - 2.25 Ly 12.00 €9 6.00
20 - 3,00 45 - h.00 7C 6.00
21 1,00 L6 5.00 71 3.2
22 5.00 o7 ©10.00 72 2,80
23 8.50 1,8 3.00 73 2.20
2l 3.00 119 10.00 , 74 .50
25 l;.50 50 7.00 75 7.00
*% GRID MODEL »*# _
LENGTH OF ESTUARY KUNCGA = 1.8000,0 FEET
;o : :




TABLE L
, | 58
MANNING ROUGHNESS COEFFICIENT OF CHANNELS
*% NODE AND BRANCH MODEL ¥**
Y Branch Manning'é n Branch ‘Manning's n Branch Manning's n
E No. ENM(I) No. ENM(I) No. ENM( I
1 0..20 26 0.030 51 0.040
2 0.020 27 0,025 52 0.030
3 0,020 28 0.020 53 0,030
i 0.040 29 0.020 5l 0.0L5
5 0.020 30 0.020 55 0,050
6 0,040 31 0,030 56 0.030
7 0.030 32 '0.035 57 0.030
8 0.0LC 337 0.035 58 0.030
9 0.040 3&? 0.030 59 0.040
10 0.040 35 ! 0.035 ) 0,040
11 0.030 36? 0.030 61 0.040
12 0.030 374 0.030 62 0.0L0
i 13 0.030 38 0.0LO 63 0.040
0 0,030 39 0,CL0 6y 0,030
15 0.030 L0 0.0L0 65 0.030 v
16 0.030 W1 0.0L0 66 0.030 o
17 0.025 qzl 0,040 67  0.030
18 0.020 L3 C.CLO - 68 0.040
19 0.020 bk 0.050 69 0.025
20 0.020 L5 0,050 70 0.020 S
21 0.030 L6 0,040 .7 0.025 . e
22 0.030 L7 0.040 .72 0.0207 P
23 " 0.030 L8 0.0L0 73 0,020 ST
2l 0.030 L 5 0.0LO 74 0.030 o
25 0,030 .50

0.04L40 75 . 0.040
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TABLE L 5

t
]

r | - i
’ COMPUTED SALINITY CON&ENTHATIONS FOR AN UPLAND
FRESHW.:TER DISCHARGE OF 2000 CUSECS FROM GORATI-
' MADHUMATI INTO PUSSUR RIVER SY STEM
. Node : Salinity in
Stations 0. ! micreomhos
' _
Bardia 7 600 (High water)
270 (Low water)
Chalna 137 - 17800 (High water)
11700 (Low water)
Khulna 39 4500 (High water)
1100C (Low water)
Mongla T 22600 (High water)
A 9 16700 (Low water)
Naliznaia 2L | 17000 (High water)
¢ 1300C (Low water)
Distance of 2000 micromnos: salinity front from the
sea along Pussur River = 100 miles,
*
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TABLE - 6

COMPUTED SALINITY CONCENTRATIONS FOR AN UPLAND
FRESHWATER DISCHARGE OF 5000 CUSECS FROM GORATI-
MADHUMATI INTO PUSSUR RIVER SYSTEM,

Station Node Salinity in
Ne. micromhos

Bardia , 7 240 (High water)
50 (Low water)
Chalna 13 ! 15900 (High water)
' 11900 (Low water)
Khulna 39 4200 (High water)
| ' 3640 (Low water)
Mongla n 21400 (High water)
A 16600 (Low water)
Nalianala 2l; 16300 (High water)

13000 (Low water)

Distance of 2000 micromhos salinity front from the sea
along Pussur River = G, miles. '
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TABLE ~ 7
by
COMPUTED SALINITY CONCENTRATION FOR AN UPLAND
FRESHWATER DISCHsRGE OF 10,000 CUSECS FROM GCRAI-
MADHUMATI INTO PUSSUR © RIVER SYSTEM.
Stations Nodes salinity in
No, micromhos.
Bardia 7 ' 90 (High water)
: : 0 (Low water)
Chalna 13 1100 (High water)
3900 (Low water)
Khulna 39 3800 (High water)
4 : _ 3200 {(Low water!?
| Mongla 1 _ 21500 {High wete

15000 (Low water;

Holienzla 2l 16600 (High wate:~)
12000 (Low water)

Distonce of 2000 micromhos salinity front from the sea
zlong Pussur River = 8% miles.
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SCALE: 1INCH = 30 MILES
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SCALE: IINCH = 30 MILES
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SCALE: iiNCH = 30 MILES
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SCALE " [INCH = 30 MILES
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TIME

INITIAL INPUTS

INVARIANT INPUTS

Spatially Varying
Geometry (B}
and Roughness (B)

-t INITIAL CONDITIONS OF

Water Surface Elevation, H (N,1)
Tidal Discharge, Q (B,!)

Salinity, {C, N)

v ¥

f
I
| Tidal .
Water Surface : _ Water Surface
Elevation at Dowr=1 B Dynamics = Elevation, H (N, )
stream Boundary | Model i ] !
H(t,1) | *ce* ME i
$ I
|
Fresh Water Inflo | Tidal
along the Estuary l T1d Qe o Discharge, Q (B,t)
Q (Bt) | Sgcfléege Discharge | '
| Elevation Q (8,1t} |
| H (N, t) |
| |
1
I i
: Sait 1
A Constant Balance ' l -
Salinity at t = Model Tl Sahnity, C(N)
Downstrearm | * oBE |
Boundary,SM | '
L e e J
Remmarks (1) N = Node Number, B = Branch Number and t=time

(2) CE=Continuity Equation , ME =Momentum Equatr'on, SBE = Salt Balance Equation

»
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FiG,32 GENERAL FORMULATION OF MATHEMATICAL MODEL OF TRANSIENT SALINITY INTRUSION
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( START

—

.

Input Data of Node & Branch Model,

DELTM, IDLTE , THOUR, IMIN, KDATE, K
KHOUR , KMIN,NDAY , IPRINT ., NSTD

|

1)

QDLUTI(1)+QMONGL

QBSK1)$~QGORAI(1)+QMADHUE1)+QRPUR(1)+

(galinity at Sea and Nodes,BEK1,EK2

|

Data of Node and Branch Model,

IDATE , THOUR, TMIN,KDATE , KHOUR , KMIN,
{ NDAY, IPRINT,NSTD, Initial Conditions

!

| KAPPA=-Q IDELT < DELTM{ J

G -—132,2 MDATE -— IDATE

NREP-M—B‘_m;ﬂMHOURn&~IHOUR,

NO e 1 MMIN < IMIN
. KOUNT «~1 " NP = 1

| IX ~— O |JMIN~ O

JIMIN «— 0
ISTD < 0
ZETA+ 0.55
MO e 1
MOUNT «— 1

4

DELT ~ 60.DELTM
HHH(1) -« H(1,1)

KCT =~ 21x3600/DELT
iMCT =~ 3600/DELT

FLOW DIAGRAM OF MAIN PROGRAM




-

“-;j
. JAESRU

| F(I)

&

CALL
GEOM

TIN = O
QQQ(1) =-QBSI(1)]

£ 176
CIMIN -TMIN + IDELT
JMIN = JMIN + IDELT

JIMIN =-JJMIN + IDELT

((Mn-60) <0 )ES .

_+NO__
TMIN =~ IMIN - 60
IHOURanHOUR + 7

((THOUR=2L) <0 oo .l

%No

THOUR ~— IHOUR ~ 21
IDATE == IDATE + 1

i 101

Half of sum of the surface .

] area of all channels meeting
at node T

S(1) Sum of all Q towards node I

&t

i

—— e e e

FLOW DIAGRAM OF MAIN PROGRAM (Continued)
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Include upstream boundary condition into nodegj

’ ) y
| 20 N\ :
- - _9\ Iv-fl ’@*/, .

}
!
| [E(,2)=—H(E, 1) + S(I).DELT |

,NB

!

|

: DIFH(I) = H(ND(1),17 = H(NU(I),1)
| CR(T) =——1.49 A(1).RM(I)? 3<ENM(I)
I

|

SQ(I) =—S(NU(I)) + S(ND(I)

T GY Rl GO AT TP (G SN .
C(1) = Q(I,1).T(I).s(I)/A(1)+a(T 4).DIFA(I)/A(I; 5
G.A(T) DIFR(I)/DELX(1)=G.A(13.Q(T,1). Q(T,1) /CK(I)

T

Check steady
\_state condition j

_ {Computc upstream boundary inflow
|lin unsteady condition

t
’

FLOW DIAGRAM OF MAIN “PROGRAM (Continued)
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["KOUNT =~ KOUNT & 1)

R TTES
! Ja NO . LT
i

KOUNT ——= 1 '
NQ = NO + 1

*,
/" CALL \

TIDE2

/:> - Set to steady statel
boundary COﬂditionlf

CALL

H(1€2)—Q—H(’I 13 t

COMS [ HHH (1) ~—H(1 .1
[MOUNT-«-_MOUNL + ﬂ
1}
(TOUNT 4MCT )«7 L CALL X :
o . N_T1E2
MOUNT w1 !
MO =0 + 1 1-
NP <—NP + i
3165
CALL .
_REP |
¥ HHH(’!% H(1,2)
HHH(’I)ﬁ-—-H(’l ,2) Q{1 ~QBSI(2)
QQQ(1)4-—-QBSI(2) :
1

FLOW DIAGRAM OF MAIN PROGRAM ( Continued)
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‘VSef to initial oqnditionj

¢ 169
YES YES
IX £ 0 (JMIN - IPRINT) <0 3

| 1O e |NO
i
fISTD-*—ISmD + 11 j LN =0 |
((ISTD - NeTD. KCT)”O LER
P | NO
, IX
i Set IDATE T A
A/ 1BouR, THIN ThatE Moo
for running [ : IMINL ﬁﬁfN
in unsteady JMIN'::;O .
‘ pondltlon TIN =] K

¥

IDATE, THOUR, IMIN
Q(I,2), I<1,NB3
(H(I,2), I=1 NN),
Upstream bounaary inflow,
(ABH(I2,J), J-==1,JMAX),
(upQ(IZ J) J="1 JMﬁX)

N e i

FLOW DIAGRAM OF MATN FPROGRAM (Continued)



p

~ 175 R
( (1DATE-KDATE) £ 0 }
l_ NO |
(_(IHOUR-KHOUR) < 0
r - N

| mo
!

(o) <o 3225 @
i wo
|

¥

(H(1,2), I—*—-—-‘I,NN}
(c¢(1,2), I~<—1,NB},
Upstream Boundary inflow,
(ABH(TI2 ,J; yJ=~—1,JMAX)
(rea(r12,J) ,J=1,JMaX

FLOW DIAGRAM CF MAIN PROGRAM (Continued)
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Wy b

initial discharge and water

Read geometry, roughness,
level in Grld model

KK ~= 2}, .NDAY
I1==1

12=-2

JM1= TMAY - 1

Write geometry, roughness,
initial discharge and water
, level in Grid model
A . ""'—"---*"-—_5'“_‘-_

|
{ (HIRON(I), I-=1,KK)

Vo

Write boundary condition
at Hiron Point

t




103

A
=
i
j [HI = (H(NU(T), D) +H(ND(1),1)) /2] 1
| - s
L CHLZ BB(T) )22 o (T, ] Ifg?—{ﬂ’lﬁm STOP
| T (051933 1 11) D ,
; e (HI»»EB(I)),A’I(I)Z
.f 4;' YES - _ 0.5(E1(I)-EB(I))
: (BL < E1(T)) "] A(I)= 0.5T7(1). (HI-EB(I))- ]
1 O RM(T)e2V/0,50(1)%+ (HI-EB(1))?
! A2(1) < Al 3
Al [ T(I)= : —_—
g { HI < E2(1) ) YES > E2(I) - B1(I)
! O A(T) A1 (T)+T(1) . (HI-E1(T))
l - l.
| A3(I) = A2(1)" I
| h
; e UTES(D - Ba(D)
: ] | A(T)=-22(1)+T(I).(HI-E2(1)))
1 A - A "
| (1)e L(I) AB,(I)
| El(I) - E3(1)
: A(I)= A3(1)+T(1).(HI-E3(I))
I —— ™ '
1 tRM(I).._ M3 7
o _T(I)+2(HI~0.5E1(1)-0,5EB(1))
T -

FLOW DIAGRAM OF SUBROUTINE AREA




0L

A
'%, | k
<::} ¥3000
100
r T+ 1 ,NB
f
1 i
: (1) =—al1,2) - Q(I,1)]
l
|
A .
r’
T5S(1) = Titie rate of water
‘level rise in node I
3 _
AX =—<T Q(J,1)42ETh:{0(J72)~Q(J,1))-QBSI(1)
J=1 7 .
BX <~ F(1)/ DELT . .- . 7 - .
QBSI(1)+(AX THETA(JM?)+OMECA(JN1)+BX
QBSI(2) =
ZETH.THET“(JM?) - BX
Include upstream.boundary 1nflpw
w




L

pm —————

’:

-

|

‘}4 |

1 y

' | V(I)=—3(I) + S5(I).ZETA

|

f

L
_' |
; YES -

LJ - 1)?0% J e 1
’NO _
' Compute Q by implicit metl:md

)

AX + ZETA.OMEGA(JM1)
H(1,2) —— H(1,1) +

BX - ZETA.THETA(JM1)
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'START

!DELT -— 60 DELTM |

[ _’\44—1 WJMAX. >

106

]
f LD-*—-18+AR(J)/T(ﬁ1 ;
:
CHT, 5 = D D ENE I NG
: 10 £(11,J) = AR(J)+T(J). (H(11,T) 1%5
’ ( H(17,J) é-1@Y—EW+ T(J)Tzﬂ(lw J)/T(3) |
| ~ Tno R(J) - A(T1 J) /i
; | T(7) = BB1(3)=iR(J) | 1
| (E(I1, )< BE1 () ) BE1(J)+ 18 s
' 4(11,9) = AR(J)+T(J) . (H(T1,3)+ 18)
l NO 5
TA frer <2 AB2(J) - AB1(J) N
(H(I1,3)< BE2(J) )+ BE2(J) - BE1(J) P
— A(I1,9) = AB1(I)+T(J) . (H(I1,T)-BE1(J))
= B 3
A VIT(T) ae AB3(J) - AB2(J) ‘ .
TLEUL) < 350 ) BE3(J) - ER2(2) =
e L T ATT, 9)~ 4B2(9)+1(J) . (H(I1,7)-BE2(J))

BEh(J) = BE3(J)

AT J) -J— ABB(J)+T(J) (H(

I, J)-BE3(J)

T Y

ff'[f\

bty e oy

"ﬁ( i'i 59 9*’“""--‘f‘~ VYR,

R(J) <. s

I R R S
'. (i T L .

l
I

;

|

!

|

!

i

}‘ T(3) . ABL() -mgB3(J)
i

!

f

l

|

|

|

«

' UT(J)+2(H(I1 ,J)+D) | m;fiffﬁ*‘i'i'&'

;
L

""a'j B

FLOW DIAGRAM OF SUBROUTINE TIDEZ.
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- . DELT . MOUNT
H(I2,1) = HIRON(NP) + (HIRON(N$+1) - HIRON(NP) )

| 3600
F i
: YES
TIN £ 0 )
NO
¥ )
IIN = 0 YES JH(12,7)~ HIRCN(1)
© INO
‘ e

\\ COMHQ

: !
RETURN

FLOW DIAGRAM OF SUBRQUTINE TIDE2 (Continued)
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i '
’ i
——————
|
; Compute
C,D,E,F,K,C',D! ,E',F* K!
N | from egs.(2.23) and (2.24)
j :
o YES Compute
! ((J =1 H ALFA,BET;;,GMMJ
| N T
| ’ '
Compute ) YES

| i CL(J),CM(J),CN(J) J s 1

A | NO
I J? - e T
| Compute Compute
| THETA(J),OMEGA(J; + | THETA(J) ,CMEGA(J)
| used in eq.(2.32 ' |used in eq.(2.33)}
l : 3 T

R a

FLOW DIAGRAM OF SUBROUTINE COMHQ
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{H(Iz,me) - HH}’I(’i)

J o JM1 '
DELH »- H(I2,JMAX) - H(I1,JMAX)

T
Lot

DELQ <«— THETA{J) .DELH + OMEGA(J) }
10(12,5+1) < Q(11,J+1) + DELQ

i

NO - :
(J % IM1 1 Q(I2,IMAX) < QaQ(1)

vES DELQ«-Q(I2,JMAX)-Q(I11,JMAX)

’ ]
. 10

Tz

“‘ .
((3-1) <0) YES

NO -
. , 5
|| DELH «-DELH.CL(J+1) + DELQ.CM(J+1) + CN(J+1)

_H(IQE_{H) +- H(I1,J+1) +DELH , ;

[DELQ <« ALFA.DBELH + BETA.DELG + GAMMAIC
1a(12,1) — Q(I1,1) + DELQ

A

k

-

k.
< }jos

r"‘._"‘_f&_q«--" LA : >

'

I

i

I Q(I1,d) - Q(12,3)"
: L H(I,T) --H(12,9)
1 ) e .
i

e |

FLOW DIAGRAM FOR SUBROUTINE TIDE3



L ) . ) - !,
- -
Yo -

Compute B foriKunéé_
- from Eq. (308)

o

4 ‘
§Find Salinity of node 1}

Compute E for al?l branches |

A M
Compute
A

for all branches

- jmeeting in node I frof Eg.(3.6)
' i

u

V o+ 2 A(J).DELX(J) /2
F 3 | 7 - J=1 _ 7 .

L

_ ‘ ' A M
| SC(I) = SC(I) +im——, T/V
4t

APPA - KAPPLA + 1

( KAPPA = Number of times computation o @

...should be carried before printing

VES
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APPENDIX - D
COMPUTER PROGRAMS
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,. ;
it
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3
a “*_‘

FQRTRAN TV _36CN-f3=-47% 3-£ MAT NPG M _ AT G 01/08/79 TIVE
( A MATHIMATICAL MDNFL FOR SAILIANITY PNTRUS LUN TN THE :
C <10 SA-PUSSUR RI VER SYSTEM 3
. r, MAIN PROGRAM FOR SALINITY [NTRUSTON _(1979) :
Iy C ?’&
C . — i
)1 i DTMENSION FRORAL(LG) oF MADHULLIS) JFRPIURI{LS ) ,FCLUT 1{15 ), TR
$  EMONGL(}5),NDIFHL{TE) g
32 COMMON/RLOC KL/ QU76,2) H{60421 +ABNN, NS (T61 MDLT5 )y QGARA 112y fipil
o £ OMADHUlZI.QRPUR(ES.OULUT[(21,PMONGlel,GBS[(“J,DFLX(Téi HEN
)3 COVMON/ALOCKZ/ TETALLLIG60) o012 (5001 ,1.2 (521,14 (501, DQ{T6), *qgﬁ%
] € G.DIEAT 76) ,CKITH) 41 X,DELT,F{50) ,5(50),C(751,55 1601 Y
24 COMMON/3LOC K3/ AU T6) ,TLT6) v
15 COMMOM/31 0O Ka/ DELTM, YOUNT RS
6 COMMON/3LO.KS/ EBLTH) LELIT75) .E2(75) ,E31761,E4(761,A1(761, sradd
L § A2 TH) 1830 75) JA4(TS) RMITE) i m !
27 COMMON/3 L2 K67 VI60) 501751 NREP ?;ﬁq
18 COMMON/3LOSKT/ SM,SCLO0) (ENMITS) LEKL ,EK2,KAPPA
19 COMMON/3 LU KB/ JML 4NP  NDAY,CREE2) (HHH(2) §
10 COMMON/ILOIKO/ADE L X, ABl(?).AH2(?I.ﬁ%B(7},Aﬂé(?},HFIITJ,BEEIT]paﬁ
F: BEALT),,BEALT) I 1
bl Cﬂ”“UN/*LO'&AICL(JI'CMIT},FN(?},THFTA{r),MCT,UNEbA(T!. X
t ALFA ,3E TA LGAMMA LAHH(2 ,7) +ACQ(2,7) ek
12 chMDN/utu5ka/anuc0l7:,Hermtavoa,anx,ll,Iz. 1IN, ADD(T),y TADUZAE
L3 COMMON/3 LOZ KF /MDA TE ,1 BATE ,THGUR, T MI N -@
x c COMP UTA TTONAL PROGCFDURE 13
- C READ N7 OF BRANCHE S AN NODES ik
14 e _ _RFADU 1,1CC0OY_ 1B NN 7
C "READ TIME IMTERVAL [N W NUTES FCR COMPJT AT [N '
L9 } _ RFAD{1,1001) DECLTM N
, ¢ IERD DISTANEE INTERVAL TN MILES ALORG BRANCHES
6 AEAD( 1,3 GOAY (DELX{T) L1 =1 N8 -
C READ NOJE UPSTREAM AND NODE DOWNSTREAM 0OF EA(CH BRANCH
R AND ROUGHME SS COEFFICIENT L o
17 T READ( 1, LCOD0NINUCTE JNILT T 4T =1, NB)
13 ___ READU1,10C4) LENMIL) 41 =1 NH)
€ TEAD INTTIAL ANY ETMAL DAY, HOUR AND MIMITE ALSO
o R EAD N OF DAY FOR RUNNIAG SALIKITY COMPUT AT 10N
La REAN] 1, 1000) IDATE fIHOUR I YT NGKDATF, KHOS R,KMIN, NG AY
- ( READ . TIME TN MINUTES FOR_PRINTING THE COMIUTED RESULT
20 REIO( 1,1660) TRRINT i
L b READ N 0OF _STEADY DAY _ Lk
21 READL 1,1 0001 NGTH S
L 3 EAD DATLY UPLAND DI SCHARGES FR(M GORAT, MACHUMAGIE, ETC
R READL L, 1004) (FGNRAT(IY I =1 4 NOAY) -
23 _OREAD 1,1060%) (FMADHULTY » 1 =1 . H0AY) o
T4 READS 1,1 0041 (FRPURIT)Y ST =l ,rmm’! - !
G A . READRC 141 ODw)(FHLU1Ii[!1l-Lm5pAY) o
5 REAGL 19 10C4Y TEMONGLITY (1 =1 4 DAY G
C 2660 TNTTIAL WATER LEVEL AND DISTHABGE FGR AL HODES AND BRAN
27 READ! 1, LOCHI{H{T 411 1 =1 4 BN , e
"y _ QEADCL, 10CAITQIT 410 4L =1 4N8) . ' R
C CEAD INIIIA! N1 SCMARGE AT THE HMINDARY — Ay X
I READC 1, 10040 QAORAT (L) ,QMALDHU(L) , CRPURITE ,OCLUT 111, QMOVCLill §‘
30 UAST( 1)—Dstmn (U +QMENHUTLY #GRPUP (L1 + GDLUT (L) +GQMONGL (1) %:
@.

T

P




FORTR AN

IV _360N-F0~-479 3-6

N1/08/79

_ MALNPGM DAT £

READ ELEVATION ANN CORRESPONDING CROSS -5 ECT TONAL AREA

C
D0 3¢ 1=1,NB
e _READ(1,1004) EREY ,ELETY JE2 (D) ,63 483 ,Fa 1) 3/
: PEAD( 1430061 AL(L) A2 (E) yA3 (1}, A8 (1) &
30 CONTINUE e _ "
C RFAD RRAMNCH NUMBERS WHICH ISSUE FROY CACH NUDE e
READL 31,2000 (L1 ,L240) J03 00}, L8 d0),1=1,KN) Pl
C READ SALINITY AT SFA AND NODES L
o __READ(1,1120) SM,USCLI) ,I=1,591 o »
. 5 FAD PA2LMZ TERS FO# LANGT TUDT AAL DISPFRSTON CGEFFICTENT A
7T CREADL1,1004) EKYEK2 o :
3 WRTTEL 3,4CGC) -
9 WRITE(3,20CC) NI LNR
) WP TTE( 2,200) DR LTV N
1 CWKTTEC 3, 20020 (DELXITE 41 =1 4 NA} -
2 WRITE(3,260%) o
3 CWRITEE 3, 2003011 ,NUIT) ,NDETY L1 =) W NB) L
' A LTE(3,2008) -
5 WP TTE( 3, 20CG8) (EHMIT) 1=l ,NR)
6 nno122 1=1,N3
G CHANGE DELX(I) TOFCET - .
7 DELXU T }=DELX(T) #5280, .
8 122 CONTINUE L L L o
9 WRITEL3,2010) o
Ny wRITE(%.ZP‘l)I)ATE,iHﬂHR.IMIN,KUATF.KHOUR,KMIN,MDAY =4
1 WR1TE(2,20L2) TIPRINT -
2 WP TTE( 3,20L3) NSTD R .
2 WRITE(3,2014) IDATE (FGORAI (11 ,1=1,NDAY ] i
% o WRITm_zf_er‘ 1A TE ;(f NAD"{U‘I}L’:‘l .M;ﬂ\r’l .
5 WRTTE( 3, 201 6V INATE ,(ERPURLTY , [=1 , RDAY )
5 WRITE( 3,20 71IDATE L(FOLUTI (1) .T1=1,KNAY)
7 WRITE(3,2018108TE(FMONGLIT) 41=1 ,NDAY)
8 L MRITE(3,2020)(4¢1 ,1).1=1 NN e
9 TWRITE( 3,2021)(0(1 1) ,1=1,NB}
I leiE(3yZOPBIQGﬂRAI¢11,0MADHU(l),QQPUQ(ll,QDLUTI(l}.QMONGLKil
1 WRTTE( 3,3605) { :
? DU 536 1=1,N3
3 WRITE(3,2028)] ,EH{Il,El(I),AL(IJ.EZ!I},ﬂle),EBIIl,A3!Ile4{I%
) s AMI) . [ e e o BN
4 536 CONTINUE o
5 WR 1 TE{ 2,2034) n
f WRITE( 3, 20350 {1 JL1¢1) fL2C1)} 431} L4tD) =L NN) :
7 WRITE( 3,2004) EKL K2 1t :
8 1060 FORMAT(16]15) '
o _1CC) FORMAT(F10.2)
g 1CC4 FARMATIBF10.2)
1 A 1120 FdRMﬂTtBFlO.ZI__ '
2 STCC FORMATL /710X, 'RB =ND OF BRANCHES =',15 ,5X, , ' NN= N} OF NDDES =1,
$1¢} :
3 001 FORMAT! //10%, DELTI#=TIME INTERVAL EN MINUTES=', FB.2)
4 ZCC2 FORMATL //20X,*LENSTH OF EACH H BRANCH IN',1%,'MILE',//,
S 40X, "IEL XTIV ,/7,1170X,8F9,21) '
S . . 202 FNRMAT(3(10X, (.12 1), L X,20153) ‘
5 2004 FORMAT{ 10X, 'EKLI ="', 12.1 10X, tCKY =", Fl2.1}

‘( A




o, 2, sl 15

ey - v 41&;
_ . L. - . - "7
FIRTRAN 1V 36CN-FD-479 3-¢ . _#ALaeow 0 NATE n1/08/79. T!H%j
Al R AR EF
77 zncs FWPMATIIIIJX.'HQANC% NO. NODE UPST RFAM AND NODE DOWNS TREAY. (3
ACH BRANCH ') o}
78 i 700Q FWRMaT(I?Oy.'QHU,iNFQS S5 COQFFFTCITNT OF RRANCH= MANNING''S NY, i?i
79 A 2003 FORMATE 30 3%, 3F 6. &) )
30 (010 FARMA TU//EX T NLTEAL DAY HOUR MIMJTE _ FINAL DAY HBUR
44 INUTF B T DAY FOP RUNNINGY) “ ﬁ
81 011 FORMATI/1IIXG3ES 17X ,315,16X,15) L
a2 2012 FNRMATL 776X, 'IPRINT= TIMF INTERVAL FGR PRINT ING THE COMPUTED wa
_$LEVEL, SALINTTY & DISCAARGE IN MIMITE= ',I5! e
73 2013 FORMA T /76X, 'NSTY= N 0B STEADY DAY =',15) Vg
14 2014 FORMATL 76X, 'FGORAT=NATLY I NFLOW FROM GORAL FROM CAY Na',13,11.1
$( 8F 9.2 )
35 2015 FORMATL /76X, 'EMANM U= DAILY INFLCW FRCM MADHUMATT ANC BIL ROUTE 1*
& FROM Doy NO',13,//7,(8F9.21) gq
56 2016 _FORMATL /€X, 'ERPUR= DAT LY IhFIOW iN SIBS A AT RAIPUR FROM_DAY N
S, /74 BFO.2))
37 2017 FORMATL /€Y, 'EOLUTT=DAILY INFLOW IN SIBSA AT DELUTI FROM DAY v1;J
$13,//,{ BF9.2)) TR,
38 5018 FORMATI /&6X, 'FMONG L=DAT LY INFLCW TN MONGLA NALA FROM_DAY NOY T %
€7/, 8FR9.21) T -
A9 2020 FORMA T( &X, 'INI TIAL WATER LEVEL IN EACH NOCE ARGV E CHART DATUHN Yiva
&( BF G, 2))
2 2021 FORMATL/6X, 'INI TIAL DI SCHARGE (CFS)} IN EACH BRANCH',//, (BF9. Zﬂ}
Q1] 2027 FORMATU /6X, 'INFLOW (CFS) AT UPSTREAM MODEL BGUNDARIES',Ilbx,tadl
, $1=1 ,FB.2,5%, "QMADHU=" ,FB. 2 ,5X ,*QRPUR=",F8.2,5X," QOLUT I=* .Fﬂ.n“ﬁ
) sSX,'OMDNGL-'.FB.ZJ ~ g
92 2028 FORMATLLOX, "0 ,024+%) 'l X,9F10.1) A
23 2034 FQBMATiflox,'NUM&tRs OF BRANCH ISSUING FROM EACH NODE',//*
T 65%, " NODE NO. ', 7Xe'LL (1) ',3X, "L2 (1) ' ,5%, L3 (I}, 5?,'L4(I)‘i‘1 p
94 Z03S FORMPATIGX, 0 ' ,12,8) ¢ ,5X 6110} Lt
25 3005 FORMATI /76X, 'SPECIFIC ELEVATI CN AND CORRESPONCING CROSS- SECTI§§
% AREA OF BRANCH ', /6X, "BRANCH NN',7X o' EDY ,8X,* E11,8X, ' ALY, ﬁx.rﬁg
$IE2t, B, A2y BX,"E3 ' 48X,y"A3 " ,BX ,1EL,3X," A4 ) ﬁﬁ
26 2000 FORMAT(1HM1,10X, *DATA FOR NODE AND BRANCH NGCEL') g }“ggﬁ
C INIIIAIIZh INRDIGES USED I N THE PROGRAM AN |
g7 =322 Ty gg
18 KAPPA=O -
29 NREP=3
00 __ __ CNOEL . %
a1l IF(QGORAI{ 1}.GE.2000, O) DFLTM=10.0
n2 o Kowi=1 _ -
14 1%=0 B ‘ LR
Y HYHE 11=H{ 1,1 ‘ '
D5 DEL T=)EL TH=AQ.
0o . 1DTLTI=DELTH e — e
N7 NP =]
R A AMIN=0 e e . o
n9 JIMIN=0
10 KC T=24. %3600, /NDCLT
il {ST0=0
e . _DINR+11 =0 .
13 QINE+1,11=0 a T
14 ~ DEL X{W3+1) =0. i
T(NR+1}=C. )

i e e rem——




FIRTRAN IV 3ACN-FA-479 =6 .. _ YAIRPGHE . .hart__ 01/08/79
b A(NY#+1) =0,
7 MDA TE=IDA TE
i R CMHENWR=IHOYR I -
9~ MMIN=IMIN
20 L 1E14=0.55
'l #()= 1
A MITUN T=1
23 M( 723600, DELT S {\
G CALL SWBROUTINE GENM T} READ DATA 1N FIXED GRID FINITE DIFFERpf
24 CALL GEOM !
S UINSC o _ %
26 QUO{11=-0BSit ) i
7 176 IMIN=THMINAIDELT N
23 JHMIN=JMIN+IDELT Bt
i I CJIMIN=JIMINSTDOLT . e v
30 CALL ARFA a
} o CIFLUIMIN-6C), LT 0 61 TO 101 N ) 1
12 IMIN=TMIN=-6C g
13 [HO R =THO LR+ oy
b4 TFICTHIUR=-24),LT. 00 GU TO 101 L
b5 IR EIHOWR-24 Lk
35 CIOATE=I1DATE+] i
VT, 16t no 3 !-—l»“h:ji__ e L )
19 TEOL201).EQ.0) 1L2{1) =NAel X
19 TF(L3CT).EQ, 0) L3(T) =NB+1 %
+0 IFCLALTTLEQLO) Lal(l) =N3+) A
. C OMPUTE SURFACE AREA DOF EACH NODE A E
+1 F(I!‘(DEL?(IABS(LllI}l}*1lIABS(L1IIl}I+ i
e SDELX(TABSLL2(IN ) =TLLABSIL21I3) )+ _ L
TSOELX(TAR SILACII ) #TITABSILI (NI i b
SOEL XCTAB S{L4CI))) *T{]ABS(La(I)3Y)/2. R
C COMPUTE CONSTANT OF CONTINUITY ECUATION o
b2 L O S TY=tACIABSOLININ) A XL ATABS LT O - N
TEADUTA3SIL2UT ) L1 »200) /TABS L2 T I
e _“%+0:Iq5§LE§LLL_,1)¢L2511/1ABS(Lat1:1 L Ve
$¥0( 183 SCLACTY I 41 *La0) /TABSTIA (1Y) / F(T)
+3 3 CONTINUE
C INCLUIING BOUNDARY CONDI TP ON INTO NODES
4 <(z:-%<2i+qs RALVALY /FA2Y o
HS stay=s3rvemM nitul i /E (R
S SL4)"S(4J+GRPU&LLL[FIA! i
+7 SUE)=SUSI+QDLUTI (L} /F (5) -
+R SL6I=SILEY+FOMONSLLL) /F (A)
. S 1)=S011=-QRsI(LY /71
C COMPUTE WATER FLE VAT ANS OF ALL KODES
0 Nt 20 1=1,NN
U A HUI.2)=HOL G R+ SUIYEELT _ B
V2 20 CONTINUE R
C CIMPUTE DIFFERENCE IN WATER SURFAGE CLEVATION “ETWEEN NODES -
23 NN 5 1=1,NB
. CDIFHCTY=HOMDOT) L1 =HINULED 41 L i
C TOMPUTE CONVEYANCE 0F CHARNNELS
53 CKEII=ACTI#IRM{T) %, 667) *1.536/EMMILT)

CAMPUTE TANSTANT D€ MAMENTUY EGUATITN TN ERANCH




FORTRAN IV AECN~FO-479 32-6 - MAL NPG WM NAT E 01/08/79

SO{I)=SINULTIY+ SIND(TI))

S CONTINUE
Di)_700 1=1,N8 e e o e s

NIFAL I3 =T(L) sDIFA(1) /DELXCTY N
Cll) S04 1,3 T (1) /A1) *SQUE) 4 { QUL ,1) #e2) % 0IFACLI/ (ALINER2) . o

GEA( TIPSO IFHULY MFAFLXEEY =G 2ALT ) =0Q(T 41 1Y =ABS (Q(T,10 8/ (CKUTYe®2) 150
QlI 21=001 ,1)+CHLTYAOELT s

70C CONTINUZ
CHECK STEADY SIATF CONDITION

o ——— —m s

[FIIX.NZ. Q) 30 TN 200
SET 10 STEADY STATE B(‘UNDARY CONDITTON

QDGNRAT( 21=QGORAT (1)
QMADHUL 2) =0MATH UL}

QRP LR 2)=QRPUF (1]
QOLLTTE2)=0DLLTIIL)

QMONGL( 21 =0MOM: L1}
HUL1, 20=403,1)

c

HHH{ 1)=H{1,1)
COMPUTE TIDAL CONDITICN FROM DUWNSTREAM (JEFFORD POINT)

C

CALL TIDEZ
SOLVE WATER LEVEL AND DI SCHARGE BY [MPLICIT MET HOD

CALL REP [
FHHE 13=HUL ,2) —

0QQ(1¥=-0BSI(2)
SOLVE THE SDLLTION BY BACK 1P IN MARHJAT A

—E

TCALL TIDES3
63 To 202 o
COMPUTE NEXT BOUNDARY I NFLOW INTO  NODE P

201 0GI2AT({2)=FGORAT{NO)+ (FGGRAT {NG+1) ~FGORAL (NG) }/ 24./3600.*

1IDEL THKNUNT _
Q¥ADH UL 20 =F MADH (NI ¢ (F MADHU{ NO+1 ) ~EMADHU (NC) )/ 24 ./ 3600.¢

1DEL T*KOUNT g
ARP UR ( 21 =ERPURL N+ (F RPUR (N 1) ~FRPURINGI/ 24 ./ 3600. ¢DELT¥KOU\Q$

-

) ADUUTT{ 21 =50 L UTE (HOY ¥ (FOLUTI { N(w 13 —FOLUT T (NOY 37 2447 3600%

. . SDELTHKOUNT o :

1 AMONGL{ 21 =F MORG L NOT+ (F MGG L ( NOw ) —FMONGL (NG) 17 24 ./ 56007
$DEL THKOUNT

2 KOUNT=KOUNT+1

3. CIF(KOUNT.LE.KCT) 60 TG 181 R

4 KOUNT =1

5 NO=NO+1

lal

COMPUTE TIODAL CONDITION FROM DGWNSTREAM BOUNDARY
181 CatL L TIDE?2 '

COMPUTE SALINITY TNTRUSION
caLl CO¥S

MOUN T=MOUNT+1 i
TF(MOUNT.LE.MCT) G0 T 165 S e
TMAUNT= R T e
M) =MD+ 1 on

_CSOLVE WATEX_LEVEL.A\N) NI SCHAPSE BY TMPLICIT METHCO

NP=NP+1 AT

165 CALL REP

HE( 1) =Hi1,2) N i
G0 1T=-QRSI (2 T
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FIRTRAN IV _36CN-FO-47S% 2-6 MAT NPG M DATE 01/08/79 TIME £
i
C CALL TIDE3 TO SALVE BY BACK UF 3?&
CALL TIDES3 i3
o C SET TO INITIAL CONDITLON iR
7 503 DO 166 [=1,NN it
3 HUT, 11=HUT ,2) AR
9 166 CONTINLE b}
0 DGORAI{1I=QAGORAT (2} £
1 OMAOHUL L1V =0HMADH LY 2} s
2 _ QRPW{1I=QRPUR(2Y - e &
3 HDLUTI(11=0DLUTI(2) !
4 _ OMONGLO13=QHON (2} B L . b
5 TORSIC L I=08 ST Y
5 NN 167 1=1,M 4l
7 21, 11=001 .23 'u%§§
q 167 CINTINUE ~ ) B
9 UFECIXGNELO) G0 10 169 'wl
0o ____ . - . 1STO=15STD+1 ) LEL
1 (FI{ISTI-NSTD =KC T1. 1.0 60 TO 175 T E*%
2 Ix=1 B
¢ SET TDATE,I19CUR, IMI 1 FOF GUNNING TN UNST CAGY CONOIT ION R
i _ IDATF=MDATE _ o |
4 [HI UR =MHOUR ?
5 1" I N=MMI N B L b,
5 JMIN=0 RS
7, 1iN=1 wh
8 WRITEL 3, 30655) G
a_ GO 10 471 o )
0 169 JTFILJMIN=-TPFINTILLT. O GO TO 175 R
1 _ JMIN=0 b
C WRITE WATER TEVEL AND DI SCHARGE FOR ALL NODES AND BRANCHES 'né
- Wl TE( 3, 3050) S
3 %471 WRI1TE( 3,3008) 1DATE, IHOUR, TMIN 3
4 wWRITEN3,3006)4H01,21 B, NN g
5 hpl?£(3,300°) {Q(3 +2) 4T =1 JNB) '*'**%
6 RYTEL3,2023)Q50RAT (2) , GMADHU (21, ORPUR(2) ,QOLYT 1(2), QMONGL (2] &,
7 ' ﬂ?ITF13,30601 B
8 Wil TE{ 3, 30091 {AHHUI2 3 ) d=1 4 JMAX ] .
3 WRITEL 2, 3009V (AQQIT2 40} 4 J=1 4 JMAX) -5
0 178 1F((IDATE-KDATEI. LT. 00 GO TG 176 o . R -
1 11 { THA YR —KHD(P!.IT.O) ToT0 176 i - 1 oy
5 IFCUIMIN-KMINY LT, ) G0 TC 176 e
G RUITE WA TER LEVEL nww BT SCHARGE 11 NODF ANC EBRANCH N
3 w2 1 TE (3, 2050) [
4 WETTEC 3, 30100 (1 41 =L +ND) s dmy
5 wnxrai3,3novytut: b2 a1 =L NN 4

TRRTTEL 3, 3509[(@([ 21 41 =) s NB)

J'.T,wui G H N

& oy

T A L WRITE(3,2023) OPAI(?I,OMADHU(Z}-QRPUR(ZQyQDLlTIIZi'QMDNGLiZJ*

8 «RlTE(B, OOF’(AI"!"(I 1\“ v J=1 ’J\H\Y| \.“-.;.
a WRITE( 3, 30051 (AQGQ(I2 4 J) 4 J=1 5 JMAX 'ﬁg
G STIP ﬁ%
1 3008 FURMAT{//SEi:QQTr*‘,IZ,ZX, PHOUR=1,[2 2% ¢ ¢ MIN=*, 12} oy
K 2000 FORMATI5X,10F12.2 - - o 2

3 201G FORMATI6X,12 IFL_‘_ )
4 T T 3050 FIRMA TIIH L 76X, 'CANCUTED WATE® {EVEL ANG DIS CHARGE IN NOOES Aaﬁ

-q*

\.
i

"1 lﬂ

s.
1'
."'F

- N

L




FNRTRAN_ TV 2ECN-FO-47¢ 3-6 . MAINPGM . NATE 01/08/79

GHIANCHE §°* /7 / /2 CXy 2o #UNSTEADY CONDIT 1 ON&*k) )

$NODES AND BRANCHES', £/7420%, R ESTEADY UPSTREAM BOUNDARY

3076 FORMATUIHL,/Z6X%, "IN TIAL CONDITION OF WATFR LEVEL S DISCHARGE Iﬁﬁ

- $CONDI TION %% 1)
23060 FORMATL //6X, 'WATER LEVEL AND _DISCHARGE 1N MARJAT A' }

END

Bt TP

TR
R T
E TS Fo Rl vl

|l-?:_;?.
A Fh
e ] . _ — . _ _ o A A
Ka
£
:E
hy
e e R e e e e o ad
- on 3
i
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, o
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FOPTRAY IV _1ECN-FD-479 2-6 hRF A _ DATE _ 01/08/79 TIMES
. =4

]

) SIBRAUTINE ARFEA
12 COMMON/3ILOTKY/ N(76,2) d!(hO;?i'NH'NA.NJl?ﬁ!,ND(763;QGURAI(Zln

b fen 1

, & GMADHUN 2) ,QRPUR(21 ,0DLUTI(2) ,OMGNGL, (2),@B5 T {21, DELXIT6)
13 . T COMMON/ILOCKR/ ACTE) , T(TS) 5
14 COMMON /BLUCKS/ ER(76) LEL(TA) ,E2(75) ,E3(T76),E4170)1,ALLTE), 4
t A2 761 A0 TEF JAGUTEY JRM(TH) ‘ )
15 COYMON /3 LOCKE /MDA TE LIDATE G THCUR, T HT A t ) K.
C CIMPUTE TOP H%IDTH, C TRNOSS-SFCTI ONAL AREA ) "'fg
15 D60 T=1,N3 L

V7 HI=CHINOU T3 , 1 144 INB LT 4100 72,
13 IF(HILLELEB(I)) G0N T

19 ‘ IF{HI 12,2103 )) GO TN :
' [FIH]LLZLE201)) 60 T0

-

W
i
- .3 !

11 IF{HTLE.E3(1)} 50 10
2 C TLI)=(AALII-AB(IY) Z(EA LT ZE3L(T) .
3 ACTYEA 3 D+ T #(HL-E3TT ) -
4 _ o805 R, -
5 L WRTARL 3, 1500 1 441 40T f%
b Wi 1TFL 351510 IDAIC JTHOUR,IMIN g
L7 WRTTE( 3,182)1(J, 10 Jy1) ,J=1 NN il
'3 : WRITEL 3,153 (4,Q0J,1) »d=l S0NBY . 3
Q WRITEC3, 154 QLORAT (1) ,QFARHU(TY , GRPUR (L], QDLUT T(1), QMONGL (11, {4
. 8B STL) } _ e FAf
' STaP _ i?
1, 150 FORMATIGX, 'AT ARANCH NO',2X,12,3%,'H=",F10,2,*' AND EB=', F10.2, £
' 1 WA TER LEVEL FALLS BELDW RIVIR BEDY) &
2 151 FOURMAT(10X,12,'DAY',12, HOUR",I2, FIN') . 40”3
'3 152 FORMATIT(2Y,H{ 1,124t =1,F8.2)) T
4 153 FORMATL 612X,'Q(*,12,'4="',F11.01) Lg
'S 154 EQRMAT(Bx,‘QGORAl=',FQ.1,2X,'QMADHU=',F?.l.Zx,'URPUR=‘;F9-1ﬁ2§9
$PONEUTI= " F G 1,2%, TOMONGL=",5C.1 42X ,* GRS [=*,FiD .2} W
6 2 T(I3= (HI-EB(I) ) #AT(T1/00.5%(EL (1) ~ER(TH ) %¥2) I
T . ACTI=TUI) *(HI-FR{T) ) *0. 5
8 RMLT1=2. *SQRTU(TI13 /2. ) #%2+ [HI-EB (1)} %%2) . a
'q GO 10 60 i
0 3 _TCI=(A201 Y -ALIIN T ZLE2 (1) ~EL (1Y)
1 ACT1)=810103+ TOIY*{HT-EL (1))
2 GO T 5 -
3 A TIa=la3(Iy-A2010) /(E3(D) ~E20DY) - ‘
4 ACT)I=820 11+ T{ IV x(HI-E2(1)) -
C COMPUTZ HYORAULIC RADIUS FNR EVERY ELEVATION
L5 TS RM{ L)AL 1) /0 TUT 42, K HI-0. 5 *F LT =05 =EB (L) 1)
"4 A0 CONTINIF
7 RETWRN
8 . ... JEND_ L . . - .
AT__ e - i e - .
.
-L = b’i
%
— e — _ e,




S e 20 % _}

OS_FORTRAV_IV_36CN-FN-479_3-6 CUREP DATE _21/07/79 1{;
SUBROUTINE REP @
COW“ONIBLGCKII Q176421 JH{60 20 1 NB NN, NU (761 4ND(76), QGORAI(Z?g
) uva34ggg),gggggiga,QDLQIL{Z),oﬂpgqgizp.CBSL<21.OELX(76i
chMUN/3Lo.K?/ ZETASLLI50) 512 (531,037 (50), L4 (801, 0Q(T6 ), iﬂ
$ T G,DIFAL 761 JCKITE) 41 XyDELTF (60} 45 (601 ,C(76),55(60)

COMMNN/BLOC K3/ A(T76) 4 T(T75)

S S

=
m

")001

COMMON /3 LOC K4 / DE LTM, MOUNT ﬁi

COMMON/3LOCKGE/ VIH0) 4SQIT6Y ,NREP T ,ﬁk

COMMON /3 LOCK S/ JML yNP 4NDAY ,Q0C(2) JHHH (2) ' 4

;QMMGN/BLGCKA/CLITI,CM(?I.CN(?i,THETA(?I,MCT,UMEGAI??,.' g

4T AL FA L BE TA GAMMA JAHH (2 47) 1AGQI2 ,7) A5

C COMPUTE CHANGE IN DISCJARGE 1%4

J=1 LS

DO 150 1J=1,NREP " kL

3000 DO 100 I=1,N8 L N L A5

DATL1=0(1,2)-001,1) &

1CC CANTINUE e

55 DO 101 1=1,NN W

[FIL2(1).EQR. 01 L2{1)=NB+1 HEr

[FIL3I1.EQ. Q) L3(1)=NB+L : ' -ﬁfﬁ

IF(L4LTI.EQ. Q) Lall}=NB+1 i

EE S(DOCIABSILL LI VY %L (1) ZTABS (LY (Th B

_ $FDRUIABSLL2(TI ) *L2(1) /I ABS{L211)) T *.gl

$+DD( 168 S{L3( TV FIATTY /TABS(3 1IN TH§

$+DC 1AB SLLALI) ) #Lali) /IARSILGINII/FLI) _

101 CONTINUE !ﬁ
AX=0( 1, 11+ZF TA*( QL1 421-0(1 ,1) 1+ Q(2,1)+ZE n*10(2.21-012,1l!+i

$ 003, 1I#7E TAx{ Q13,27 =Q03 , 11 =QRS T (1} BT )

i _ BX=F( 1F/IELT i,y

Qe ST 2)= uasrt1:+(Ax*T4c1AtJv1a+0MEGA¢JM1)»nx)/tzeraeTHETA{Jﬁg

S5 1)=5S(1}=(NRSI21-Q3ST (1)} /F (1) A

SS{ 2)=SS( 21+{ QGORAT (21 ~QGCRAT (1) )/ F (2) . _ y%§

125 _ $SU3)=SS{3)+(QMADHU(2) ~GMADHUIV I/ F(3) i

S 41=550 41+ L QRPUR(Z) ~QRPUR(I 11/ F (&) - N

<& 51=SSI51+(QDLUTI (29 -QDLUTL €12}/ F(S)
SSU 6= S50 6) + (QMONG LTZY=QFONGT U T/ F (6T
DO 99 1=1,NN

VI I1=SI1)+SS(T 1 =ZETA

56 _CONTINGE o

F(J-1y 1001,1001,1009

10¢2 J4=1 o -

C COMPUTE NEW WATER LEVEL OF ALL JUNCTTORS : :
DO 102 I=1,NN

M{Ty21=H{T 1)+ VTV HDELT N

__102 CONTINUE L
T H(L.Zt_Hti.11+tnx+om**q<was*zern;r(BX—THETA!JMLn*Zg]ne¢' -
‘G0 10 _15¢C . i LT

1001 00 1C3 [=1,N T T o " .

. P3=NULL : b

"T4=ND (1) , :
062 FCTIZZETART(LI®OLT,.L) /AULLY ) Lo
1043 TECT 2= TAFGHAL L) /DELX(T Y T *“é

TEI-FC T1E( SS’ SCT4I-DQUTT /F (L&

J04n CIR=-C{1)- FfT”*“(l3I*DtLT+F(fd*V(I4l*DFLT Frr1«155{131+oat”

*

—————— — —- ———
et e e 3¢ - - = ....._-.—._D - - - - -
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S FORTRAN_ IV 360N-FI-479 3-6 _ _REP . . LDATE__ _21/07/79

045 CIR=COR-ZCTASDOUL )} ¥DE LT*FCT2 %1, /F{13) 41 ./ F(14))

046 IF(D(T,1).20.C} SIGN=L.

047 IF{2(I,1).6Q.0.) GO TQ0 Vv

04 STGN=0B S(QU1 , T 70(L, 1)

049 L COL=-1./0ELT+FCTL %=1, /F(I3)+1. /F (161142, *ZETA*Q(!-I!#(DIFA!
SCRT T 2)-G*a (11 #SIGN/ICKIT) #%2) Y+ ZFTART (117 A{T V€S QUT)

050 COL=C0L-2ETASFCT2#DELT*#(1. /F(I3)+1. /F (14)) . L

051 a(1,21=0(1,13+COR/COL ) L

052 103 CONTINUE o - i

053 T TS, B B
054 60 10 300G ' .

N e e T

055 15C CONTINU= - T "‘

056 RETURN

057 END

¢ . — . - o -y e e e _ . -
O
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_FORTRAN_IV_36CN-FO=479 376 SEOM . _ LATE 21/01/79

SWBAOUTINE _GE(M™
COMMONTZS / T4 T) JARLUTI 4RUT)
_COMMON JONF / DELT.DELX
TCOMMON/X/ A{2.73 402 471 +Q(2 ;71 ,B47)
COMMON/8LOC K4/ DE LMy MOUNT
COMMON/3 LOC KB/ JM TR NDAY GGG (31 ST (2]
COMMON /B LOZ KO/BDE LX,ABY () JAB2 (71 JAB3 (7}, AB4 (7}, BEL(Z ], 852(73,
5 BE 3( 73 4BE4( T)
CUﬂMON/SLUuKA/CL(?).CN!?),CN(T).1H}TA(7 JMCT , GHEGA(T ), ! @
5 ALFA ,BETA yGAMMA (AR (2 ,7) ,ACRI(2 ,7) ik
COMMON /3 LOCKB /AMANCOLT) JHIRCN(370) 4 JMAX, I, 12, 1IN, ADD(7), TADLY

READ NO OF GRIO POUNT,DISTANCE, DISTANCE INFER/ AL i
READ! 1,1C1) JMAX, XL, DELX 0
WR1TE( 3, 200) !

WRITEL 3,201) XL,DELX _
READ( 1,102)( TU J) JARLJY 5 J=1 « JMAX)

D10 J=l.JdMAX o L
TOTSTE( J- 1) #NEUX/52 80, i}

IF{ J.ED. 1) D1ST=l,

WRITE( 3,202) DIST,TUH JARL D 4 J

ADD( JI1=4R( J)

TRDCII= TUI T T } )

10 _CONTINUE ! My

C READ 20 UGHNE'SS COEEFTCIENT GF ATL GRID PCINTS ] ]

READ( 1,103 {AMANCO( D) ,J=1 ,JMAX) | .44

WRTTE( 352031 ( AMANaG(JJ,J=1.J~Axa ‘ ¥

3 102 FORMAT(BF10.2) _ R}
101 FORMATUI 5,2F1C. 3) P

]

200 FORMATL ///20%X,'DATA FGR GRID MODEL'Y
201 FDRMAT(/ILOX.'LENGTH T GF TESTUARY MARJATA=' ,F10 .04 FEET' /710X,
1

~ {"SEGMENT LENGTH',F10,0,'FEET"*,//30X ,VRExS CHEMAT TZAT T1ON&& %t /
2'MILE 'y 13!,‘8',11X7'AREA‘,9X,'SLCTIGN') iy
202 FORMAT(IO}E_FB.I;?F15 05X 415]) :

103 FAORMAT( 8F10. 4)
202 FORMAT( //10X, '"ROUGHNE SS CO-EFFICLENT AT THE GRID PGINT'; f'

p‘
"':;’H b

i

-

'*ﬂf

$1 5%y BF10. 37) i =
Kk=NDAY*24 Vb ﬁ%
11=1 G G
12=2 _ L _ ;%g'
JM1=JMA % 1 ‘ ,jf}
ADEL ¥=)Z L X 5
D0 20 J=1,JMAX R
READ{1,120) BE 11 J) ,BE2(J) ,BE3 (J) 4BEG (J) o R
REGD( 141200 ABL(J1 +ABZTJ1 4AB3 () ,ABY L) . e
338 _20CONTINUE . _ . LS
X WRTTE( 3,250) ' ] B
WR1TE( 3,252) ) - S
DO 30 J=1,JMAX ' §§
HRITE[3,256)J,BE1(JI,ABl(Ji,BEZ(J],ABZ(JI,BE%(J!,ABB!JlRBEﬁhg
¥ A34AL ) . @@
342 3G _CONTINUE o s
. C RELT NI TI6L CONDITiON, WATER LEVEL & DISCHARGE o~ éié
L READ(1,320i(HUI1 0} edEladMAXY _ e
REAT (1, 1200 (QUT1L »JY 4 J=1 5 JHAX) ' ﬂ.;$§%
L
¢




S__FORTRAN_IV, 260N-FD-479 3-6 . . 3EGM e . baATE  21/0T/79
" "READ _BOUNDARY CONDI TI QM AT AJ RON POINT
046 READ( 15,1200 € HIKON(E) oI =1 ,KK}
047 . 12C _FORMA T{ BF10.2) B .
04 % WRTTEC3,150) .
049 = WRITE( 3, 2000 (H{TYL o8 g d=b g u®AXY [
050 WRITE( 3, 2120 (QUL1 4J) 4 J=1 » JMAXDY
051 WRITEL 3,260) MNDAY i
052 WR TTEL 3, 2550 {HIRONCTY oI =1 4 KK) N
053 DD 15 JElaJMAX i
54 AHH( T 1, JV=HTY, 31 _ ' I
055 AOD(I1,d1=0001,d) = . i
056 "15 CONTINUE ' ' s
057 150 FORMA T4 76X, 'INL TIAL CONDI TI ON, WATER LEVELE OIS CHARGE AT Gmm&
SPOINTS LN MARJATA '} 3.
058 255 FORMAT(6X,12F 8.2} [
059 26C FORMATL 76X, HEURL ¥ WATER LEVEL AT HIRON POINT ¥, T4 2Xs ' DAY*y ix*i
$ BSL*)

060 5T1 EORMATISX, TWATER LEVEL (FEETI ., 8Fs.,27 7~~~
061 212 FORMA TU 5X, '01 SCHARGE {CFS) ',8F3.2) A
062 250 FORMA 'runsx,'c-mm\u CROSS-SECTION AGJUSTFENT ABVE MSL' 1 %
063 252 FORMAT( /EX, 'SPECIFIC ELEVATICR ARD CORRES PGMGING CROSS-S ECT 0%

$§ AIEAT,1EX, '0OF r“hiN TCHANNEL I N FEET AND SC. FT.Y,76%,* GRID 'WJ{
$ BFI")XT‘AB]'1JYQ'BE2.1RX,'AB?'prﬁx 1'81"'&',)? 'ABB‘ SXQ'B£4. )

Boa T T 256 FORMA TU F8X, 1L *4E2, 11 T 8F1 0.0 , . _,
055 R E TURN .
066 END -
————— w cme— - b er —— e — o mL e N —— ‘_ '.:%‘
B
3
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1V 36MN-FO-479 3-6

TIpE2 AT E

SRRUYTINE TIIL2

21/07/7¢8 TivE

CORMON /3 / T T) JARCT) fRITY

COMMON /ONE / DELT,0ELX o
COMMON/X/ A(2 7),H(2,7I.Q(717lv8(71
COMMON/BLOCKS/ DL LTMyMOUNT

" EOMMON /3T OC KR/ IV yNP yNDAY 5 600(2 1 JHHH (2~ ~

CU”MUN/BLOCKQIA)LLX,ABIi?i,AHZ(T!,ABB!?],AB#(?!,BEI{TJ,BEZ(?EL

$ 3E3(T7) ,BE4LTI

CDWMON/BLUCKA/CL(T!.CV(TlgFN(7},TH[1A(Tl,PCT

TS AUFA JBE TA LGAMMA JAHHIT2 4T 4AGQ(247) :
wvnomfaLﬁcxsfawnmcotva,Hlﬂnntsro),JMAx.ll,ra , LIN, ADD(T), TADL?

DELT—DELTH*ém
DD 44 Jd=1,JMAX

UMEGA!T’;

-

HETL,dr=aHHITL )}
QUI1,0=AQ01011 4+ Jt

TAR(JI=ADDO I

T(JI=TADC S S i

T P=aR(JI/TCIN+] A

[FIH{I1,J).LELL=D)) GO TG 5

RS

TF{Hl T1,J).LE.(-L8. 1) 50 10 85
1F(HL 11, J1. LE4BELLO) 30 TO 1

TTETH(T Y, d7. LEWBE2 T M) GD o 2

IFLH(TI1yJ).LE. BE3(JI}Y GO YO 3
T(J= f&BﬁiJl-ABB(J)3/(HF4(J1-BE3iJ)l
ACT1,J)=8830 00 TC N #(H(IL N -BE3ITLI)

e

LY

GO 10 4

T{J)=(AB LI JI-AR{J)) /IBEL{Jh+18.)
ACTLyd =ARCIIFTLI F(HUTL s #1800
G0 10 4 S
T{I1=0aB 20 )-ABY T 7182 (Jy =BEL (U4)
AUT1,J)0=AB10J}+T0J) ®EHITLE - J) =BEL (J))

e

Gl TO 4
T(J)-(ABB(JJ—AH)(J))/(HF%(JI—BE?(J)I

TACITeSY=AB 21 Jh ¢ TCH #=(HITL , ) —BE2 (L))

Ridr=a{ll, N AT +2, 2(HLT pd 3+ )
1] Tfr} I.El

3.&111 JI=AP{J) et {1l ,JI+1 8.0 *T(J]

=TEg1+2.%A01 1,4 /T0Y
R(Jl AL Tlad) /W
CONTINUE

M 12, 1)=HTRON{NP) + (HT RONCNP+1 1 -HIRONINP) 1/3630 . # DELT KMOUNT

TE{TINANE.O) &0 17O 77
IEL TINGLEQ. O HU12 410 =HIRON(L)

w1

CALL CHMHQ
RETURN
WRITEL 3,2000 D aJ,HITL 40

FORMATE 5X '1I N GRID MODEL THC hATCR LEVEL FALLS BELOW CHAVNEL

200 i

T‘ BHTTDH' //1'0 'Fl()u_ yl"Xg'H‘{] v '121'3 FlO 2’ .

S !(‘p '-;"'_"::\i.
- - - RS ) S

e e
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FIRTPAY IV 36CN-F0-479 3=6 _ . _ GoMHQ __ . DATE Q1/08/79 TIME

SIARNUTINE COMIQ
COMMON/ONE / DELT,DELX
_CUMMON/G / T{71 4ARIT) HRETY L

TTCOARMON X7 ACZ 470 3412 471 ,Q(2 .71 4 RLT)
CJrMGN/aLUCqu BE LTMyMOUNT
COMMON/RLOCKE/ JMquP.NDAY,QCQl?l,HHH(ZI
covMUN/Ranxq/AGELw,ABL(7m,A32(7|,AB3173,A341?1,eEl(Tu.Bezt?i,

$ BE3(T)BEALT) .4

a_ ”_”_mw__deMDNlaLGCKA/CL(T}lgﬁiji,CN(TD,THETA(?!.NCT,DMEGA(Ti. S <

§  ALFA,BE TA GAMMAJAHHI2 ,71 ,AGQ12,7) AR

_m______F**FM§UMM0N/BLQCKB/AFANCGIT!,HlPGhI3?D),JMAX {1,12.11N,n00l71,Tth?b

G=32.2 o
NEL X=ADZ1 X-100C. 0 , i
D10 J=1,J4M1 ' a

CIR{JLGT. L) DELX=ADELX ‘
ASUM= ACT1,J+#10+ATTL,H
ASuUd= QUIL,Jv1V+0UIL
pSUM= R{J¥1I+RCN -
AN{F= ACIY1,J+1}~ALT1, ) s
QDIF= QUT1,J¢#1}~-QU11 ) :

CHYgY= TLY) N
EYRESEEIR (NSS!

COEdEL XA L JIABL LY 72, 0 4
=72 D e ~H
E=-2.%DELT s
Fz-F Y
_DrLH MET2,L0=H{I1l Yy _ ) e

= 2. DEL THONIF _ i

“_CP*—G*DELT*ASLM o . i
NP==Cp
IF(QSUMLLE.100.¢ SIGN=1.0 i
[FIOSUM.LE.1CC.) GO TN 5 R
SIGN= 4B S QSUM /0 SUM i i

EEP 1= A, GFOELT#AC(T1 4 ) 7ASUM B
EP 2= 5, 042G ¥DF L TOE LXXQSUMKAMARC Ot 1} *%2:%5 TGN
k3l

4 EDﬂ—a.*DELTVAD!F*QCUM/ASUM**Z

5 EP=DELX-EPL4EP2-EDP2

& - FP=DELX+EPL+FPD-E£P3

7 ewp =4, #() SUM QUL F NELT/ASUM

W A_Phﬂ?'G"DfLTﬂﬁSLH*{4!Il;J*l)-H{Il'J}) L

o PP RS, B2 FOE L THHF LN ¥ CRHANCT () ESUMYT R

$3 133 B

I DAP 4=, FE L TEADTE R 3SUMER2 ) S ASIIM 22

: PHP=PKP 14 BKP74 PKP3-PKO%

= 170 JRTaLY 56 Tt 3 T

Lo CMOM=E L P~ ¥ P

P ' AL FERz{CHIP-naf D} /MO

5 B - fA=({C HEP-F 2P /N

e GortAE] CEPKP= PR YT #) /I NNM

" ' g Lo (I)={ 2P =N AL PY ALCH P—C P2E)

- C{ JYE{FP#E-F 3 Y /(02 D=L P*E)

A MU psPKPEE - PRI 9) S (CKE P-C PR

S 1800-101,1,2

D P g
!

.._._.._._._—_-_-.-..-_._........p\?..

- =] T o I G0

=
i —— e
1
v

L

1

N E R EE T

N/ (2. 27¢Asuwtnsuw*rr o




CFORTRAN IV 3€CN-FN-479 3-6 _ _ COMHQ __DATE _ 01/08/79

] }_PJ=PKAC ¥IELH

2 B JP=PKP+( P#*)E LH o

53 THETA(JI=(DP$E=D*FEP) /(F 2 P-FPAE) L S
4
5

¢ DMEGA( J 1 =1 P JP*E—P J%E P) / (F #E P=FP*E |
_ 60 1010 o _ ' .
56 7 DENO=F*(C PFEPHTHE TATJ=1) 1 ~F PE(CHEXTHETACI-113 o
57 1F{AB SIDEND)LLE.1.) 5O T0 6 i
38 THE AL JI=(DP #(L+E #THE TA{J-1 1) ~0=(CP+EP#T HET 21J~-1) 1)/ GEND P
59 OMEGAL J)=(( PXP+EPROMEGA(J=1)) #(C+ EXTHET A{J~ 1]!—(PK+E*OWEGA(J*]HJ

${CO+EP = THE TA{ J=11)) /OEND i
50 G CANTINWE o S

21 TRETURN L
52 END o

. e et n o hem et e e oen e
v
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A2

. _FORTRAV IV _3£CN-£2-479 3-6 _ _ __ TIDE} __ DATE _21/707/79 __ TI4E
101 SWBROYTINE TIDE3 B
V)2 COMMON/ONE/ DELTLDELX ‘ =

A3
104§
105 _

105

___CUMMON/5/ TL7) ,AR(T) HRUT)
CUOMMON/X/ AL247) JHI2 37 Q02,787
COMMON/3LOCKE/ JML yNP (NDAY,GGQI2) yHHHI2)

oumomfatouxqfanELx,Aax(7:,ABZ(T),A03(7:.‘“?'T"
% 32 3 71 ,BE4( T)

BE1(T), BE2LT h

COMMON/3LOC KA ZCLET) 2CM{TY JCN{T) fTHET AT ) ,MCT » OMEGALT 1y
$ ALFA ,BETA ,GAMMA JAHH (2,7} ,AGQ(2,7)

COMMAN /3 LOCKB ZAMANCOUT) JHIRONIZTO) yIMAK L DT, 12, 17N, ADDiTl.TADfTT
AN MARJAT A

C _COMPUTE Q(2), AND H(2) FOR EVERY GRID POINT -
THUT 2y JMa X)=HAH (1) o
J=JdMl
DELH=HIT 2,JM8 X) =4 (1 1 5 JMAX) o
4 DELQ=THE JAL J) *DELH+ OMEGA L N O
QUI240+10Y=0(T1,4+1)+DELR S T v
L IF(J.NE. UML) 50 TO 10 . A
TR{T2,dva xy=0G0cty T T T oo T 1
116 NDELR=Q{12,JMAXI=Q(I] + JMAX) Y
)17 10 J=J-1 o
g [F{J-1)06,5,5 L L
)19 & DELH= DELH*CL(J+1|+DFL0*CM<J+1’+CN(J+11“"“"““'“‘ L
)20 - HEI2,J+1)=H(11,J+11+DELH e
)21 GO TO 4 ] T o
b2 € DELI=ALFA®IEL4+BE TA®DELQ+GAMMA ‘ 5
123 RUI12,1)=0(11,11+DELQ L
26 . DO_405 J=1,JMA X S o
)25 AQRIT2,01=0(12,4) T ‘ v
126 _ AHHL 12,4)=H(12,4} it
)27 AQAUT1,J1=0112,J) T S
)28 AHHU I1l,J)=H{12,4) L
129 BUI1,41=Q(12,J)
) 30 HUI1ly ) =H{T12,0) _
3131 4C5 CONTINUZ T
V32 . RETURN e L 1
D33 END ' ) T
!
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_FIRTRAN_IV_36CN-FO-479 3-6_ . _COMS _  __ __DATE 21/07/79 quﬁg
SWBRAUTINE Z0OMS ~ [

DIMEN STUN DI 5) ,E{ 16) L

L COMMON/3LOZ KL/ Q176520 $HU50 42 ) (NB,NN,NJ (76) NDIT6), QGORATI21, ¥

3 QWADHU(?J,URPUﬁ{?I'QULUTI(?),OMUNGL(Zi'QBSI!ZI DELX {76}
COMMON/3L0OCK2 / ZETAHLLI(60) ,L2 (501,13 (631,14 {601}, DALT6],

t GLDIFA{T6) ,CKRETA LI XJOELT,FI5D),5 (50 ,C(761,55 (60D
COMMUN/3LOCK3/ AL TH) 4, T{T5)

CAOMMON/3ILOCKS/ ERTT6) JEL(T76) ,E2(T5) ,E3(TH1,E4(761,ALL76),
$ A2076) ,A3076) ,A4(76) ,RM{T5)

COMMON/3LOZKTZ SM,SCU60) LENMITSY JEKY ,EKZ ,KAPPA
_COMMON/3LOZKA /CLUT) LCMITY (CNIT) ,THETALT S, MCT, CMEGALT ),y
T ALFALSETALGAMMA LAAA(2 7Y ,A6Q(2,7)

CAOMMON/X/ ALTAFL(2 +7) JHANM(2 57 ) 4QADE(2,7), BELALT)

COMMON /57 TAREQUT) yARIF (T sRATS(7)

E7= EK2%A3 S{ SM-SC (1)} o N

"
£,

L

Frel i | Fpvaahl

-

<u

;

PELE )

— P

VEAJQU 1y AV /AL TAF (L 44)
F6=EK1%0, 02%V4RAL S(4) #%0.8333
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