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ABSTRACT

A wedge of saltwater can be entered to the coastal aquifer. Because of density difference between saltwater and
freshwater is formed a transition zone between two fluids. Forward rate and extent of saltwater transition zone
depends on several factors including: changes in sea level, aquifer characteristics, and hydrological conditions of
upstream, tidal and seasonal fluctuations of seawater. One of ways for prevention of seawater intrusion in coastal
aquifer is construction of underground dam. In this paper changes of hydraulic gradient in groundwater aquifer by
tidal fluctuations of seawater over theweir of underground dam are caused advance of saltwater far away the sea
at the coast. The multiphase flow is simulated by computational fluid dynamics method. By simulation of tidal flow
over the weir of underground dam is defined position of another underground dam at upstream of first underground
dam for prevention obeawater intrusion.

Keywords. underground dam, multiphase flow, computationaidfldynamic method, Prevention of seawater
intrusion, Fluent Software.

INTRODUCTION

Fresh groundwater in the coastal aquifer is draiseas or lakes under natural conditions and trexfade line
between fresh and salt water occurs. Heavy exfilmitaof coastal aquifers has effect on the hydcagliadient.
Changes of hydraulic gradient in groundwater aquife caused advance of salt water far away thatsi coast.
This phenomenon is called seawater intrusion. Tesearchers named Ghybn and Herzberg separatelgdsfoesh
underground water flow to the oceans along thetsaEsEuropeThey found that anywhere from a coastal aquifer,
If depth of interface between fresh and saltwateneasured from sea Ievegz. I, then level of fresh ground water

from sea level, S ), will be 1/40 <?z ) in that point (Ghyben, 1889; Herzberg, 1901).
MATERIALSAND METHODS

Since these studies were started by two scientigts phenomenon is mentioned with regard to "Ghybe
Herzberg" that will be explained. Many reviews dre ttypes of groundwater management models and their
applications are made by [11, 25]. The managemeuteis applications in saltwater intrusion are reddy recent

[5, 10, 1, 4, 5, 6,7,8,2, 9, and 17]. In this stuigw is unsteady with two-dimensional turbulerfoem. Velocity

and pressure are a function of time and space. @aehof the velocity and pressure fluctuationshis integrated
from the Navier Stokes equation at time. Integrataf Navier Stokes equations at time is known Ré&so
equations [19]/ Turbulence model equations aredguation models k-(Standard) that have be averaged in depth
[18]. € equation is as one of the main sources of thedtions of accuracy of the standard version ofkdsemodel

and the Reynolds stress model. It is interestiag) kkk model includes a correction term that is depentestrain
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with ¢13 constant in the equation of RNG model [24]. WillCox provided tutbnce equations of &- (standard)
model [23].
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Turbulence model equation

Known two-equation model of &{Standard) are presented for averaged form irhdepfollows: [18].
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R, and B, is production terms as result of non-uniform disttion velocity in depth that is stronger near-bed
B, is production term of turbulent kinetic energy maged in depth as result of velocity gradientshim plan.V; is
the vortex viscosity. Turbulence model is usedcfalculation of lateral flow into one channel anachieved much
better results in comparison with for fixed parameters of rotational flow [16; is the bed friction coefficient.

o, is Schmidt number that shows relationship betwearbulence viscosity and turbulent diffusion casént
according to the following equation:

V.
£q =— 9)
Oy

Amount ofg, is considered 0.5 [15]. Although values of are 0.5 to 2 in variable references [18. is
coefficient that gives turbulence diffusion coeiffiat in depth by following equation [15].
Ed = ekth (10)

Direct measurement of color broadcasting in thediwidth channels offers 0.15 fer. Although Keller and Rodi

achieved better solutions for the velocity andsstreithin the composite channels [15]. On the ottzerd Biglari
and Sturm have been assumed equaled to 0.3 to get the better answer within dbmposite channels [1].
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MCGurik and Rodi have consider equaled to 3.6 [16]. la equation of RNG model includes a correction
&0,

term C., that is constant strain-dependent [24]. Fer(RNG), we have:
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Only constang is adjustable, high levels of turbulent data déaimed near-wall. All other constants are cal@adat
explicitly as part of the RNG process.
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WillCox, turbulence model ks (standard) equation to be provided as follows]:[23
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RESULTSAND DISCUSSION

Numerical Model

The values of the physical properties of water @rasidered 998.2, 0.001003, 4182 and 0.6, resgdgtifor
density, viscosity, heat capacity and thermal cotidity. Solutions of all governing equations angbgect to
assignment of variables correctly in the boundarges. In steady state problems required only bayrztandition
but in unsteady state problems is required théalnibnditions for all nodes in the network. Commuoundary
conditions in hydraulic issues include [20]:A- Inleoundary condition: numerical models can fit thedel by
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means of the various boundary conditions such ki, mass flow, etc. For example, in modelingflofv inside
a closed or open channel can be used velocity asléput boundary condition. B- The outlet bougdamdition is
considered pressure outlet equals the atmospherssyre. If the output is chosen at a far distdirosa geometric
constraints, and no change in direction of flowntllee flow state is developed full. Using this mlodecaused the
output surface is perpendicular to the flow andigmat is zero in the perpendicular direction onalgput [20]. C -
Wall boundary condition: the wall boundary conditicc used to limit the area of between fluid anéidsarhe
model is ready for simulation by Solutions set aadining the model. The following steps show thedation
process [22]: selection methods of discretizatiqnagion: In this paper first order upstream differe method is
used for discretization of momentum, &kand® equations and the standard method is used totfiagressure.
Selection methods of the relation velocity - Pressthis step is only be studied segregated. & phper is used
from SIMPLE method for velocity - pressure couplif@etermine the discount factors: the discountdiagalues
are used for control of calculated variables indgheh iteration. In this paper, the default valoés 1, 0.7, 0.8, 0.8
and 1 is used respectively for the pressure, demsibmentum, kg and turbulent viscosity. In this paper, the initia
values of the relative pressure is considered Aamthe initial values of velocity components cldsehe average
values presented in the input stream. By completiegsteps in the numerical model, we can starirttieduced
process of problem by defining of repeat proces$e ffequency of reporting of results can be intoedlibefore
computing the numerical model. During solution @s& can be seen convergence of solution by theotanft
residues, integral of surface, statistics and alokthe force. After finishing solution the comation of the
unknown quantities and the results can be calalilateny point of the field and can be displayed/égtor in the
form, contour and profile views [22]. In this pager solution of flow is usually introduced initiaumber repeat
1000 with report of every step of the calculatibattconditions for convergence of the unknown patans were
satisfied after 300 to 350 iterations. The resaftshe numerical models show that increasing saétwhydraulic
gradient and times of tidal flow are caused to sgamintrusion from over underground dam to coadtqure 2-a to
2-e.

Pressure outlet Saltwater velocity inlet

3 |.‘4.j T
HETFEH

Saltwater velocity inlet

Porots
medialsand) Underground

dam

Figurel: Meshing model in Gambit software
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Figure 2a: Velocity magnitude contoursfor the two phase flow for seawater intrusion from right input, freshwater from left input (time
=1s).
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Figure 2b: Velocity magnitude contoursfor the two phase flow for seawater intrusion from right input, freshwater from left input (time
=69).
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Figure 2c: Velocity magnitude contour sfor the two phase flow for seawater intrusion from right input, freshwater from left input (time
=11s).
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Figure 2d. Velocity magnitude contour sfor the two phase flow for seawater intrusion from right input, freshwater from left input (time
=21s).

Meshing model

Gambit software version 2.3.16 is used to genghetehannel geometry and meshing. Model of the orktig used
Quad element and the types of Map and Pave forspage Hex elements and types of Map of Cooperdarmes.

Inlet and outlet and wall boundary conditions agthetry were introduced in the software. Freshwatéat

velocity is considered 1.157e-07 meters per se@ntt saltwater inlet velocity is considered to OrBéters per
second. The hydraulic gradient of freshwater issmered 0.005 and hydraulic conductivity of frestewais

considered 20 meters per day
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Figure 2e. Velocity magnitude contoursfor the two phase flow for seawater intrusion from right input, freshwater from left input (time
=465).

CONCLUSION

The multiphase flow is simulated by computatioraidf dynamics method in a coastal aquifer. In ffaper is paid
to two-phase flow simulation by software Fluentthat freshwater input is from the left side andwgater input is
on the right side over underground dam. By usingipfture model and k-turbulence model in software the two-
phase mixture is dissolved. Freshwater inlet vé&joisi considered 1.157e-07 meters per second diwlagar inlet
velocity is considered to 0.05 meters per secor® fydraulic gradient of freshwater is considere@DB and
hydraulic conductivity of freshwater is conside2@meters per day. The results of the numericalatscshow that
increasing saltwater hydraulic gradient and timéstidal flow are caused to seawater intrusion frawer
underground dam to coast. By simulation of tidaflover the weir of underground dam is defined toasiof
another underground dam at upstream of first umdargl dam for prevention of seawater intrusion.
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