Skip to Main Content

amma_2020 I0OP_Conf. Ser.-
_Earth_Environ. Sci. 419 0121
32.pdf

FILE

TIME SUBMITTED 01-MAY-2020 06:01PM (UTC+0700) WORD COUNT 2685
SUBMISSION ID 1313065216 CHARACTER COUNT 12693



IOP Conference Series: Earth and Environmental Science

PAPER - OPEN ACCESS

Stratification model of seawater mass structure at the estuaries of
Jeneberang River and Tallo River and the influences to current pattern in
Makassar coastal areas

To cite this article: R Karamma et al 2020 IOF Conf. Ser.: Earth Environ. Sci. 419 012132

View the article online for updates and enhancements.

This content was downloaded from IP address 36.83.90.139 on 24/04/2020 at 17:11




ICCEE 2019 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 419 (2020) 012132 doi:10.1088/1755-1315/419/1/012132

Stratification model of seawater mass structure at the
estuaries of Jeneberang River and Tallo River and the
influences to current pattern in Makassar coastal areas

R Karamma', M S Pallu’, M A Thaha' and M P Hatta'

'Department of Civil Engineering, Hasanuddin University J1.Poros Malino KM 6
Bontomarannu, 91271, Indonesia

E-mail: riswalchiwal @gmail.com

Abstract. The influences of periodically continuous tides and river discharges flowing from
upstream will be responded by basic morphological form and geometry of estuaries and
resulting in current pattern in estuaries. The current induced by tidal effect creates turbulences
in estuaries which influence the change of configuration of stratification of seawater mass
structure and suspended sediment. The intrusion of seawater from estuaries upstream in
Jeneberang River and Tallo River will affect the pattern of water mass mixing which later
generate patterns of current and sediments on the river. Mathematical model is a useful
method to predict structural stratification of seawater mass flowing from estuaries upstream.
The stages were to develop mathematical model of tidal current and mathematical model of
water flow downstream.

1. Introduction

The tidal event is one of the factors that can affect the stratification of water mass structure in
estuaries. The effect of periodically continuous tides and river flow discharge from upstream
downward to the coast will be responded to by the basic morphological form and geometry of
estuaries and resulting in current pattern in estuaries. The currents arising from these tides cause
turbulence in the estuary which can affect changes in the configuration of the water mass structure
and suspended sediments. The hydraulic condition occurring in the estuary is an important problem to
understand in relation to the planning of raw water supply, water supply for pond irrigation, and
drainage engineering in coastal areas. Tidal influences are very dominant in estuaries regardless of
scales of discharge resulting in the flow becoming unsteady.

In regard with the design of channels functioning whether as a part of pond irrigation system,
drainage channel or raw water intake, the characteristics of flow and seawater intrusion due to tides
are important to understand. Flow analysis in open channels can be achieved through a mathematical
model. In this paper mathematical models of the flow of water in an open channel influenced by tides
are developed.

2. Research objectives
The objectives of this research are to create mathematical models of the hydrodynamic conditions of
the flow in the river estuary which are the flow model due to the discharge from the upstream and the
flow model due to tides.

3. Literature review
3.1 Flow circulation pattern in river estuary
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The circulation pattern of the flow in the estuary is influenced by the characteristics of river
morphology, tides and river discharge. Flow circulation includes the propagation of tidal waves,
mixing of fresh and salt water, sediment motion, and pollutant materials.

3.2 Tides

Tides are sea level fluctuations due to the attraction of celestial objects, especially the sun and moon
against the water mass on earth. Seawater intrusion to estuary is accompanied by transport of salt
mass. The distance of saltwater intrusion into the estuary depends on the characteristics of the estuary,
tides and river discharge where the larger the tidal height and the smaller the river discharge, the
further the saltwater intrusion is. Salt transport in estuaries occurs by convection and diffusion. By
convection salt water is transported along with the flow of water, because of the influence of flow
velocity. Diffusion transport occurs due to turbulences and differences in salinity at a point with
points around it, so that the salt content will spread to the point with a lower concentration.

3.3 River discharge

River discharge is one of the important parameters in circulation in estuaries. River discharge depends
on hydrological and watershed characteristics. In the watershed where the forest is still conserved a
relatively constant flow rate throughout the year can be provided, but if the vegetation condition of the
river basin is deteriorated, the discharge discrepancy between the rainy and dry seasons would be very
significant. In the rainy season, the discharge will be significantly enormous and in the dry season, the
discharge will be low instead. At the event of flooding, the river discharge pushes pollutants (salt,
sediments, etc.) into the sea, so that saltwater intrusion and turbidity are pushed further downstream,
while at small discharf} the pollutants move upstream.

The interface of salt water from the sea af fresh water from the river occurs at the estuary. The
location of the interface and the level of mixing of salt water and fresh water significantly vary
depending on the magnitudes of tides and river discharge.
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Figure 1. The process of mixing seawater in the estuary.

4  Research methodology

The research methodology is by literature study and byEvelopment of mathematical models of water
flow from upstream and mathematical models of tides derived from the conservation of mass and the
law of conservation of momentum.

5 Results and discussion

5.1 Ig@w equation on the river

5.1.1 Conservation of mass

e law of conservation of mass states that the change in the average mass coming out through the
control volume (CV) is equal to the amount of mass generated from the source. According to the
Reynold’s transport theorem.
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d
—= fpdv-fz pA(v. 1) =0
at cv

cv

for two-dimensional control volume the above equation can be written
d (p¥v) + Z A 0
— u =
i oF

d
d—t(ﬂv) + (puv¥)e — (pu¥)y, + (pv¥), — (pv¥)s + (pw¥), — (pwV), (D
it ¥v=AxAyAz, A, = A, = AylAz, A, = A, = AxAz,dan A, = A, = AxAy

Then equation (1) can be written as:

% (pAx. Ay Az) + p(u, —u,)Ay Az + p(v,, — v )Ax. Az + p(wp, — w)Ax. Ay = 0 (2)

Because the control volume is fixed and non-deforming, equation (2) can be expressed by:

dp | plue—uw) | plvn-vs) | plwp-we) _
dp + Ax + Ay + Az =0 3)

By using the finite volume method for Ax — 0, Ay = 0, Az — 0, and the flow is considered
incompressible, equation (3) can be stated as:

du  dv  dw

iy % =0 G

If integration is conducted towards the z axis (depth, h (x, y, t)), the equation becomes:

J-Zhaud +J-Zhavd +J-Zhdw -0 (5)

Using Leibnitz's rules, the equation becomes:
1

afz"udz u(xyzh)—+u(xy,zo) Z°+ J'Z"vdz—v(xy,zh)—nLv(xyzD)

w(x,y.zh) w(xlyj])_o (6)

@r deriving the total 2°= z(x y,t) to time t, for z = zj,, the equation (6) becomes

w(x,y,20) = uCx y,20) 2 + v(x,y,20) S2+ 2 (6a)
For z = zgy,. equation (6) becomes:

w(x,y, 20) = u(x,y,20) 52+ v(x,3,20) 5o + 22 (6b)
By substitutinaeq. (6a) and eq. (6b) to equation (6), it will be obtained:

oo dz = wCe,y,20) 22 4 u(,y, 20) 2 4 = 7 v dz — v(x,y,21) S2 + 000y, 20) 52+

u(x, yzh) +v(x yzh)aﬁ-%%— (u(xyzh)—+ v(x, y.zo)aﬁ-faﬁ)—o (7
If simplified Equation (7) can be written into:

Ohu | dhv | 3(zn—zq) _ 0 (8)

dx ay at

. _i Zh . _l Zh
With u = hfzo udz, danv = h-[zo vdz,
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and because zp — zy = h,equation (8) becomes

8h  dhu  dhv _

at | ax | ay
5.1.2 Conservation of momentum
The law of momentum d&hservation that applies to the main river flow according to the continuum
principle states that the law of conservation of momentum is the average change in momentum in
ConfAl Volume (CV) added by the momentum flow coming out through the Control Surface (CS)
and is equal to the rate of change of momentum over time.

0 )

d
a pv av + ZPVAU-H = Z Fwork('ng on the system
cv

= (pvu) + (pudu), — (pudu),, + (pudu), — (pudu)s + (pwAu), — (pwAu),

= (F_::A)e - (F_::A)w + (FSA)H - (F_:;A)s + (FSA)t - (FSA)b + Fbv (10)

V=AxAyAz, A, = A, = AyAz, A,, = A, = AxAz, dan A; = Ay = AxAy If y then equation (10)
can be written :

a

d

E(puﬂxﬂyﬂz) + ((pu?), — @Z)W)Ay Az + ((puv), — (puv))AxAz + ((puw); —

(puw)p)Axdy = ((F)e — (Fw)Ay Az + ((F) — (F)s)AxAz + ((Fo)y — (F)pAxA + FpAxAyAz
(11)

Because the control volume is fixed and non-deforming, Equation (11) can be expressed by the

equation:

AxAyAz % (pw) + ((pu?), — Lau?),)AyAz + ((puv), — (puv))AxAz + ((puw), —

(puw)p)AxBy = ((F)e — (Fw)Ay Az + ((F)y — (F)s)AxAz + ((F) — (F)pAxA + FpAxAyAz
(12)

If equation (12) is divided by AxAyAz and by using the finite volume method, equation (13) will be

olffflined:

Ax = 0,Ay = 0,Az = 0 equation:

a(pu) | d(pu?) | dpuv) | dpuw) _ ()  OFs)  a(Fy,)

ot Tox T ay Y= T T ay t= th (13)
For 2-dimensional models

apw) | A(pud) | dpuv) _ A(Fg)  A(Fsy)

ot T ox ay  ox + ay +Fy

(14)

If equation (14) is integrated to the z axis, then the equation for conservation of momentum becomes

d(phu)  d(phu?)  a(phuv) _ d(hFs ) " a(hF;,)

at ax ay ax ay +hFy (15)
Assuming the flow to be incompressible, then
o) | a(h?y | d(w) _ 1(3(nFy) | A(nFsy)

at + Fw + 2y _.a( P + 3y + hF, (16)

5.2 Tidal equations
There are four types of forces working on seawater masses; forces on pressure gradients, coriolis
forces. gravitationam)rces, and frictional forces per unit of mass [1].[2].[3]. The hydrodynamic
equation is derived from Newton's Seconca.aw, called the momentum conservation law which states
that the change in momentum over time equals the total force working on the system. This law is
derived in the form of two-dimensional Hydrodynamic equations.

4
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du du du 19, a2
component  X: g Va—y=—;£+fv+ka—ﬁ+flﬂu
(17
8 ] ] 8 a2
component y: a—:+ua—:+v£=—ia—z+fu+ k;:—hﬂmv (18)

Seawater is assumed to be an incompressible fluid, hence the continuity equation is added to the
system of equations in the form[1] :

du v _ (19)
Tidal hydrodynamic model is assumed as two-dimensional. Other assumptions applied in the equation
of the tidal hydrodynamic model include [2].
* Surface atmospheric pressure (Pa) is constant, so the partial derivatives to x and y are equal

to zero.

(B2 0)

pax  pdy

(20)
* The influence of coriolis force on motion in water masses is negligible given the relatively

small model domain and the proximity to the equator.
« It is assumed that there is no stratification of sea water density (constant p).
* There is no source (source) and leakage (seawater) that occurs in the model area. meaning

That evaporation and precipitation are ignored and the seabed is impermeable.
* There is no source of momentum (external forces) occurring in the areas, such as ship

movements, tsunamis and earthquakes.
* Closed boundaries do not shift with the rise and fall of sea levels.
Therefore, the hydrodynamic equation used based on the assumptions above is [1]:

(x) (x)

Qu w0 e g T
component X T Ut fv= 95t H+C+4Au
(21)

(s3] (¥

v, 9w, du - g¥ W
component y at+uax+vay+fv_ 955 T H+(+AAv
(22)

where (= elevation (m),z; =surface friction force, and 7= basic friction force .

Equation (7) and Eq (8) are then integrated into depth vertically from the base (z = -H) to the surface
(z =) to obtain the equation of mass transport so that the average velocity is obtained in the form of
transport in two-dimensional water masses [1].

22 1/2

component X ?Tt:+ U%+ V%: nggnL;lM{, ’WXZ + Wy2 frU%qLAAu (23)
a a a a i ) ki

component y a—:+ U§+ Vﬁz —gH;i-‘rAWy W+ WP — TV%%’ AAV (24)

If the force of wind pressure is ignored hydrodynamic equations of two dimensions of tides ultimately
will be in the form [4]:
ag (U2+v2)1/2
ax i H?

2, ,2v1/2
TV%

component X % + UZ—Z + V‘;—z =—-gH + AAu (25)

component y % + Ug—z + Vg—; = —gH % - + AAV (26)

Resulting, the equation of continuity will be in the form.

au | av | ag
2 tayTa=0 (27)
6  Conclusions

In developing the hydrodynamic models of water flow in the river and tides, a mathematical approach
can be conducted. These mathematical models require two equations; mass conversion equation and
momentum conservation equation. The law of continuity from unsteady flow can be reduced by
assuming that water is incompressible and the density of water to distance and time is fixed.

5
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Continuity of water flow in rivers and estuaries can be obtained by integrating these equations in the
wetted sections of rivers and estuaries.
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