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ABSTRACT

Because of density difference between saltwater and freshwater is formed a transition zone between two fluids in
coastal aquifers. Forward rate and extent of saltwater transition zone depends on several factorsincluding: changes
in sea level, aquifer characteristics, 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 construction of underground dam is caused
to reduce seawater intrusion to coast. The multiphase flow is simulated by computational fluid dynamics method.

Keywords: underground dam, multiphase flow, computationaidfildynamic 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 expilmitadf 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 separatelgdfoesh
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 Ieveg]. I, then level of fresh ground water

from sea level, S ), will be 1/40 g] ) in that point ([1]; [2]). Since these studies weatarted by two scientists this
phenomenon is mentioned with regard to "Ghybenrzbtrg" that will be explained. Many reviews on thges of
groundwater management models and their applicateame made by [3], and [4]. The management models
applications in saltwater intrusion, are relativedgent, [5], [6], [7], [8], [9], [10], [11], [12fnd [13]. Perpendicular

section is considered on the seaside in an aqkifgr1). Hydrostatic pressure at point A is:

PA = psghs @

Thatp is density of salt Wateﬁi is height of point A from sea level, and g is deraion of gravity. Similarly, the
-3 3

hydrostatic pressure at point B that has the sapthdo point A equals:

= + 2
Py pfghE pfghs )
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" is density of fresh watexi‘lE is freshwater height above sea level in the aquifger. Now, if the above two
f
equations equal then Ghybn—Herzberg relationshigldvobtain as follows (see Fig (1), (2) and (3)):

h=——Thy ®)

Ps—Pf

If in equation (3) the density of the salt waterli®25 2 and fresh water density isgl then equation (4) is

mE mE

calculated as follows:

h, = 40h; (4)
| Ground level
Ground water level

hg

Sea

——————— _ level

Ocean
N ,
Interface of seawater and freshwater he
Ps
8 A

Fig (1). Ghyben — Herzberg relationship parameters
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Fig (2). Ghyben — Herzberg relationship parameters

is exact depth of interface and is depth of interface based on Ghyben- Herzberg relationship that islesser than

H; H, H,

92
Pelagia Research Library



Mehdi Nezhad Naderiet al Adv. Appl. Sci. Res., 2013, 4(4):91-98

Z
Groundwater level ) Xo
h -
Xe o
hs %
X‘max \
— Interface

Fig (3). Ghyben — Herzberg relationship parameters
Thus it is seen that the influence of saline wattr coastal freshwater aquifer depends,!onthe height of ground

water level above the sea level. True picture efdhality of sea water intrusion are shown in FégRrby using
flow lines and potential lines. [14] derived a $agotential theory such that a single governingagtign could be
applies to both the saltwater and the freshwataegoFigures 4(a) and (b) give a definition sketcthe vertical
cross-section of a confined and an unconfined aguiéspectively. Distinction has been made betviwerzones -a
freshwater only zone (zone 1), and a freshwatawatér coexisting zone (zone 2). [14] demonstrdted for a
homogeneous aquifer of constant thickness, a pat@ntwhich is continuous across the two zones, carefiaat!:
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Fig (4). Definition sketch of saltwater intrusion n (a) a confined aquifer, and (b) an unconfined agter

In this study, flow is unsteady with two-dimensibtrbulence form. Velocity and pressure are a fiemcof time
and space. To model of the velocity and pressuiuations is the integrated from the Navier Stokgsation at
time. In this study, flow is steady with two-diménsal turbulence form. To model of the velocity apissure
fluctuations is the integrated from the Navier $®lkquation at time. Integration of Navier Stolepsag¢ions at time

is known Reynolds equations [15]. Turbulence medgiations are two equation models (Gtandard) that have be
averaged in depth [164.equation is as one of the main sources of thedtions of accuracy of the standard version
of the ke model and the Reynolds stress model. It is intergshat ke model includes a correction term that is
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dependent to strain with ¢c13 constant indheguation of RNG model [17]. WillCox provided tutbnoce equations
of k-o (standard) model [18].

MATERIALS AND METHODS

Ju ov ow
+ +

—+—+—=0
ox oy oz )
a,ou_|_a,ouu_‘_a,ouv_ka,ouw_pf V:_a_P+ar)o(+0rxy+arxz )
ot 0X oy 0z ¢ 0X  OX oy 0z
0pv+0puv+dpvv+dpvw+pf u:_a_P+6Tyx+arW+aryz -
ot 0X oy 0z ¢ oy ox oy 0z
0
a,aN_'_a,aJW_'_a,ovw_Fd,aNW:_f_'_arD(_'_ sz+0rzz_pg ®)
ot 0X oy 0z 0z 0X oy 0z
Known two-equation model of &{Standard) are presented for averaged form irhdepfollows [16] :
oU . hk
onk ¥ =i[(u +ﬁ)h%] +hR +hR, —he ©)
ot 0X; 0X; gy ox
ohe oUhe 9 Vi ., 08 £ £
—+ =—I[(v+—)h—]+hc,—R +hP, —hc,, — 10
o o axj[( ge) )+ e PP e 4o
k2
Vi =Cy ?, B = 2Vt51 .3,- (11)
2 uf CpuC, 2 u? 2
ka:Ckk_-Ck AT = f =9 (12)
£

1
=——7+,P,=Cc.—,C. = ,C¢ =
cf% YRt Jeo c;% T evew? ks

c, = 009,y = 144,c,, = 1920, =10,0, = 131

B, and B, are production terms as result of non-uniformriistion velocity in depth that is stronger neadb
B, is production term of turbulent kinetic energy maged in depth as result of velocity gradienthaplan.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 [203; is the bed friction coefficient.

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

Ey =— 13
17 g, (13)

Amount ofg, is considered 0.5 [21]. Although values of are 0.5 to 2 in variable references [28. is
coefficient that gives turbulence diffusion coeiffiat in depth by following equation [21].

Ed :e*th (14)

Direct measurement of color broadcasting in thedixwidth channels offers 0.15 fer. Although Keller and Rodi
achieved better solutions for the velocity andsstreithin the composite channels [21]. On the ottzerd Biglari
and Sturm have been assumed equaled to 0.3 to get the better answer within dbmposite channels [22].

94
Pelagia Research Library



Mehdi Nezhad Naderiet al Adv. Appl. Sci. Res., 2013, 4(4):91-98

. . . 1 . . .
MCGurik and Rodi have consider equaled to 3.6 [20]. la equation of RNG model includes a correction
&0,

term C., that is constant strain-dependent [17]. Fer(RNG), we have:

2

ohe U, hf v . € £
e = O g Pyn e, £ e, ~hoy S (15)
] J
na—;)

k
/7 = (ZE” E” )%;,/70 = 4377

Only constan is adjustable, high levels of turbulent data dsaimed near-wall. All other constants are cal@adat
explicitly as part of the RNG process.

oU . hk Vv
AL L [(v+—‘)h%]+Pk+Pb—he (17)
ot 0X; 0X; o, 0x
ohe  0Ujhe Vi £2
v+ h +h P +hcS, —h +S 18
ot 6xj axj[( 0') 3] L Czk+\/E (19)
- Max[043—1 1.7 =sK 5= [2 =hc kzP— oy,
¢, = Max|[0: m]-ﬂ—s?s— S;jSj M4 =he = —Puu 6xi"
aT k2 1 " —=
R = 145°, R, = By £ £ =Py oG = U =458 +Q; Q5
Pr ax N KU
Ao Asi (19)
Qi =Qi — &, Ay = 404 A =\/§cos¢,¢=—cos_1(\/gw),a): %k 5 Jsisi
i i 3 53 ]
aui 1 0P
i ==(=—+—"),¢, =144,c, =190, =10, =12, ——(=—=)p,Pr =085
S;j 2(6x, axj)% 2 k =10 B= ( )p =
WillCox, turbulence model ks (standard) equation to be provided as follows:[19]
ok ok oY; 0
—+U,—=r1, — kw+—1 [V +0 v )— 20
o Jax, Uox - ox . T)ax,] 20
ow ow w_ 0U,
9wy 0w _ @ Vi pka+ v+ ov
ot Vi, =T g Ak DE: ] (21
k 5 3 * 9 1 3
=— a=—,=—, =— o0==,e=f K
M= e PP T T EF

The values of the physical properties of water @asidered 998.2, 0.001003, 4182 and 0.6, resgdgtifor
density, viscosity, heat capacity and thermal cotiditly. Solutions of all governing equations angbgct to
assignment of variables correctly in the boundarges. In steady state problems required only baynztandition
but in unsteady state problems is required théalnibnditions for all nodes in the network. Commuoundary

conditions in hydraulic issues include [23]:
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A- Inlet boundary condition: numerical models cértfe model by means of the various boundary dans such
as velocity, mass flow, etc. For example, in modgbf flow inside a closed or open channel can e welocity
inlet as input boundary condition. B- The outletubdary condition is considered pressure outlet lsqtle
atmospheric pressure. If the output is chosenfait distance from geometric constraints, and naxghan direction
of flow then the flow state is developed full. Ugithis model is caused the output surface is pelipelar to the
flow and gradient is zero in the perpendicular cimn on the output surface [23]. C - Wall boundeoyndition: the
wall boundary condition is used to limit the ardeébetween fluid and solid. The model is ready fionidation by
Solutions set and defining the model. The followsigps show the simulation process [24]: seleati@thods of
discretization equation: In this paper first ordpstream difference method is used for discretimadif momentum,
k, ¢ andw equations and the standard method is used taHmgressure. Selection methods of the relationcitgl
- Pressure: this step is only be studied segreghtetis paper is used from SIMPLE method for eélp- pressure
coupling. Determine the discount factors: the distdactor values are used for control of calcwatariables in
the each iteration. In this paper, the default #sl0.3, 1, 0.7, 0.8, 0.8 and 1 is used respectieelthe pressure,
density, momentum, k,and turbulent viscosity. In this paper, the initialues of the relative pressure is considered
zero And the initial values of velocity componentsse to the average values presented in the stpeam. By
completing the steps in the numerical model, we start the introduced process of problem by defjroh repeat
process. The frequency of reporting of results larintroduced before computing the numerical moBelting
solution process can be seen convergence of solbiiathe control of residues, integral of surfag@tistics and
values of the force. After finishing solution thengputation of the unknown quantities and the resodén be
calculated at any point of the field and can beldiged by vector in the form, contour and prof2d]. In this paper
for solution of flow is usually introduced initiaumber repeat 1000 with report of every step ofctileulation that
conditions for convergence of the unknown pararsetere satisfied after 300 to 350 iterations. Garsbftware
version 2.3.16 is used to generate the channel ggprand meshing [25]. Model of the network is usgdad
element and the types of Map and Pave for page$iarcelements and types of Map of Cooper for volsinhelet
and outlet and wall boundary conditions and symynegre introduced in the software.

Pressure outlet Freshwater velocitv inlet

Fi

i FHTH e
R

Saltwater velocity inlet

Underground

dam

Fig(5). Meshing modein Gambit software
RESULTS AND DISCUSSION

Gambit software version 2.3.16 is used to geng¢hatehannel 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 amytnmetry were introduced in the software. Saltwatdet
velocity is considered 1.157e-07 meters per seesmbFreshwater inlet velocity is considered to h@ers per
second. The results of the numerical models shawiticreasing freshwater hydraulic gradient ane$rare caused
to reduce seawater intrusion to coast as figuredéac.
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Fig(6).a. Velocity magnitude contours for the two pase flow for seawater intrusion from left input, feshwater from right input
(time =1s)

LAL 2]
3 93e-00
BT e-00
35808
INte-0
510005
2500002
Z 6905
ZABe-0%
22Te-lh
2 0Te-05
1.BEe-05
1 Ehe-0h
145wk
1 34005
1 03005
B2Te-0E
& 20e-00
410
2070
0 Obe=00

Fig(6).b. Velocity magnitude contours for the two pase flow for seawater intrusion from left input, feshwater from right input
(time =6s)
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Fig(6).c. Velocity magnitude contours for the two pase flow for seawater intrusion from left input, feshwater from right input
(time =46s)

CONCLUSION

The multiphase flow is simulated by computatioraidf dynamics method in a coastal aquifer. In fhaper 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 usingipture model and k-turbulence model in software the two-
phase mixture is dissolved. Saltwater inlet velpistconsidered 1.157e-07 meters per second arsthWweger inlet
velocity is considered to 0.05 meters per secortie Tesults of the numerical models show that irginep
freshwater hydraulic gradient by construction oflemground dam is caused to reduce seawater intrésicoast.
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