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The mathematical simulation of water contaminant measurement is often used to assess the water quality. The monitoring point
placement for water quality measurement in an opened-closed reservoir can give accurate or inaccurate assessment. In this research,
the mathematical model of the approximated water quality in an opened-closed reservoir with removal mechanism system is
proposed. The water quality model consists of the hydrodynamic model and the dispersion model. The hydrodynamic model
is used to describe the water current in the opened-closed reservoir. The transient advection-diffusion equation with removal
mechanism provides the water pollutant concentration. The water velocity from the hydrodynamic model is plugged into the
dispersion model. The finite difference techniques are used to approximate the solution of the water quality model. The proposed
numerical simulations give a suitable area of zonal removal mechanism placement. The proposed simulations also give the overall
and specified approximated water quality for each point and time when the exit gate is opened on the different periods of time. In
addition, the proposed techniques can give a suitable period of time to open the exit gate to achieve a good agreement water quality

by using contaminant removal mechanism.

1. Introduction

Field measurement and mathematical simulation are meth-
ods to detect the amount of the level of pollutants in water
area. In water quality modeling for reservoir, the general
governing equations used are the hydrodynamic model and
the dispersion model. The two-dimensional shallow water
equation and the advection-diffusion-reaction equation gov-
ern the first and the second models, respectively.

The several numerical techniques for solving such models
were available. In [1-3], they used the hydrodynamic model
and the dispersion model with the finite element method to
approximate the velocity of the water current in bay, estuaries,
and open reservoir, respectively. In [4], the finite element
method was used for solving the water pollution levels to the
optimal control of the water treatment plants to achieve min-
imum cost. In [5], the method of the characteristic technique

combined with Galerkin finite element method is used to
solve the shallow water mass transport problems. In [6, 7], the
numerical techniques are used to solve the nonuniform flow
of stream water quality model with the advection-dispersion-
reaction equations. In [8], the Crank-Nicolson method is
used to solve the hydrodynamic model and the backward
time central space (BTCS) for the dispersion model. In [9],
the approximated solutions of the hydrodynamic model and
advection-diffusion-reaction equation in a uniform reservoir
are proposed. In [10], a nondimensional form of the hydrody-
namic model with variable coefficients using Lax-Wendroff
method is presented. In [11], the Lax-Wendroff finite dif-
ference method is also proposed to approximate the water
elevation and water flow velocity with a rectangular domain.
In [12], the mathematical models and numerical methods
for approximating water current and pollutant concentra-
tion level in Rama-nine reservoirs are presented. In [13],
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the Lax-Wendroft method for solving the dimensional form
of shallow water equation in spherical model with Matlab
program is proposed. In [14], an analytical solution to a
hydrodynamic model in an open uniform reservoir with the
specified tidal wave functions is proposed.

In this research, the mathematical models for water
quality measurement which consist of the hydrodynamic
model and the dispersion model, used to simulate water
quality in a water flow systems, were considered. The first
is a hydrodynamic model that provides the water current
and the elevation of water in an opened-closed reservoir.
The second is a dispersion model that gives the concen-
tration of pollutant in an opened-closed reservoir with the
contaminant removal mechanism. For numerical techniques,
we used the Lax-Wendroff method to the system of the
hydrodynamic model and the forward in time central in space
(FTCS) to the dispersion model. The results from the shallow
water equation of the hydrodynamic model are the water
flow velocity which are input data for advection-diffusion-
reaction equation which provides the level of pollutant
concentration field. Averaging the equation over the depth
with anisotropic bottom topography and discarding the term
due to the Coriolis force, surface wind effect, and external
forces, it follows that the two-dimensional shallow water and
advection-diffusion-reaction equations are applicable.

2. Water Quality Measurement in
Opened-Closed Reservoir with Removal
Mechanism Model

The mathematical models for water quality measurement
in opened-closed reservoir with removal mechanism are
described. They are used to simulate time-varying pollutant
levels caused by waste water discharges from external source
into an opened-closed reservoir with removal mechanism
and drain water at the exit gate. The first model is a hydro-
dynamic model that determined the velocity and elevation of
the water at any locations in the reservoir with anisotropic
bottom topography, while the second model is a pollutant
dispersion with removal mechanism model that determined
the pollutant level at any points in the reservoir.

2.1. Hydrodynamic Model. The two-dimensional unsteady
water current into and out of the reservoir can be determined
by using the system of shallow water equations as the
conservation of mass and conservation of momentum. It
is taken into account that the equations of the system of
shallow water can be derived from depth-averaging Navier-
Stokes equations in the vertical direction, neglecting the
diffusion of momentum due to turbulence and discarding
the terms expressing the effects of friction, surface wind,
Coriolis factor, and shearing stresses. The continuity and
momentum equation governs the hydrodynamic behavior of
the reservoir [15]. The well known two-dimensional shallow
water equations are [1, 2,13, 16]

oh 9 9
OOy + 2 k) =0,
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where x is the longitudinal distance along the reservoir (m),
y is the transverse distance along the reservoir (m), ¢ is the
time (s), 7(x, y) is the depth measured from the mean water
level to the reservoir bed (m), {(x, y,t) is the elevation of
water surface from the mean water level in reservoir (m),
h(x, y,t) = n(x,y) + {(x,y,t) is the elevation of water
surface measured from the mean water level to the bed of the
reservoir, u(x, y,t) is velocity in x-direction (m/s), v(x, y, t) is
velocity in y-direction (m/s), and g is gravitational constant
(9.81m/s?), for all (x, y,t) € Q = [0,1] x [0,m] x [0,T].
Such independent variables x, y, and t make up the
special dimensions and time. The dependent variables are the
depth h with respect to the surface and the two-dimensional
velocities u and v. The partial derivatives taken with respect
to the same term (0t, 0x,dy) are grouped into vectors and
rewritten as a single hyperbolic partial differential [13, 15],

a_H+8_U+8_V_0 (2)
o  ox oy
where
h
H=| uh |,
vh
uh
U= u2h+%gh2 , 3)
uvh
vh
V= uvh
1
2h - h2
v +2g

2.2. Dispersion Model

2.2.1. Water Pollutant Dispersion Model. Applying the dis-
tributed pollutant process, including the transportation and
diffusion, we have the mass transfer equation. There is a
representation simplified by averaging the equation over the
depth, generating the advection-diffusion equation as follows
[4]:

oC oC oC o’Cc o C
(26.59). W

— tu—+v— = =+
o "ox oy Px Py
where C(x, y,t) is the depth averaged water pollutant concen-

tration at the point (x, y) and at the time ¢ (kg/m3) and D is
the pollutant dispersion coeflicient (m/ ).
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FIGURE 1: An opened-closed reservoir with contaminant removal
mechanism zones and monitoring points M1, M2, M3, M4, and M5.

2.2.2. Water Pollutant Dispersion with Removal Mechanism
Model. The mechanisms of pollutant removal are introduced
by decaying chemical reaction and absorptive reduction.
A representation is modified by generating the advection-
diffusion-reaction with sink term [2],

aC oC oC o’C  d°C
T iu=+v—==D| 2=+~ )-RC
o Yox oy (yx*‘yy) )

~Q(x3.1),

where C(x, y,t) is the depth averaged water pollutant con-
centration at the point (x, y) and at the time ¢ (kg/m3), Dis
the pollutant dispersion coefficient (m/s*), R > 0 is the water
pollutant decaying rate (s™1), and Q(x, y,t) is the decreasing
rate of water pollutant concentration due to a water pollutant
sink (kg/m”s).

2.3. Initial and Boundary Conditions of Hydrodynamic Model
in Opened-Closed Reservoir. The initial conditions of (2) are
assumed to be motionless,

u(x,y,0)=0,
v(x,y,0) =0, (6)
h(x,y,0)=0.

An opened-closed reservoir supplied by the outer water wave
is going to flow into the reservoir such that the water is
drained as shown in Figure 1. The elevation of water on the
opened gate is assumed to be a wave maker function, say
f. The elevation of water on the exit gates is assumed to be
Oh/0x = x, where x < 0 is the rate of change between inner
and outer water level through the eastern exit gate.

The boundary conditions of the model in an opened-
closed reservoir are assumed as follows:

(i) u = 0, 0v/dy = 0, and 0h/dy = 0, for all (x, y) lie on
the horizontal edges of the reservoir.

(ii) v = 0, 0u/0x = 0, and 0h/ox = 0 for all (x, y) lie on
the vertical edges of the reservoir.

(iii) v = 0, ou/ox = 0, and h = f for all (x, y) lie on the
flowing water into the opened entrance gate.

(iv) v = 0, 0u/0x = u,, and 0h/dx = « for all (x, y) lie
on the flowing water at the opened-closed exit gate.
The initial and boundary conditions are also shown
in Figure 2.

2.4. Initial and Boundary Conditions of Water Pollutant
Dispersion Model in Opened-Closed Reservoir. The initial
pollutant concentration in reservoir is ¢, (kg/m’). The water
pollutant is discharged from the open gate into the opened-
closed reservoir which are assumed to be C(x,y,t) =
¢, where ¢; (kg/m?) is the averaged discharged pollutant
concentration along the entrance gate. The opened-closed
reservoir drain water at the exit gate by assuming rate of
water drain as 0C/0x = —c,, where ¢, is a nonnegative rate
of change of pollutant concentration across the exit gate.
The embankment of reservoir is a nonabsorbing boundary
bank. Consequently, there is no rate of change of pollutant
concentration at the boundary of opened-closed reservoir,
0C/0on = 0, where n is a normal vector, as shown in Figure 3.

2.5. Removal Pollutant Concentration Mechanism in Water
Pollutant Dispersion Model. The removal terms can model
a variety of different phenomena, that is, the removal of
pollutant concentration in (5) with absorptive rate function
Q = Q(x, y,t) (kg/m3s), where Q is a nonnegative real value
function.

The term R in (5) arises when there is pollutant concen-
tration loss from a water surface; the reaction term is used to
describe the decaying rate of pollutant concentration, where
R is a nonnegative constant.

3. Numerical Techniques

The hydrodynamic model provides the velocity field and
elevation of the water. Then the calculated results will be
input into the dispersion model that provides the pollutant
concentration results.

3.1. Lax-Wendroff Method for the Hydrodynamic Model. We
apply the numerical method for solving the single hyperbolic
partial differential equations known as the Lax-Wendroft
method. The Lax-Wendroff method involves starting to cal-
culate a first half step and then using the result from the half
step to calculate the full step [7, 8]. To find the water velocity
and water elevation, we now discretize (2) on a rectangle
reservoir with length  and width m. The domain [0, I] x [0, m]
is divided into L and M subintervals such that LAx = |
and MAy = m, respectively. The time intervals [0, k] are
also divided into T subintervals such that TAt = k. We can
then approximate H(x;, y;,t,) by H} ; and the value of the
difference approximation of H(x, y,t) at points x = iAx and
y = jAy and time t = nAt where0 < i < L,0 < j < M,
and 0 < n < T, similarly defined for U; and V";. The grid
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FIGURE 2: Initial and boundary conditions of hydrodynamic model in opened-closed reservoir.
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FIGURE 3: The initial and boundary conditions of water pollutant dispersion model in opened-closed reservoir.

points are defined by x; = iAx foralli = 0,1,2,...,L,
y; = jAyforall j = 0,1,2,...,M, and t, = nAt for all
n=0,1,2,...,T in which L, M, and T are positive integers.
Using the Lax-Wendroft method [7, 8] on (2), we can obtain
the following finite difference equation of hyperbolic partial
differential equations.

The first half step defines values of H at time step n + 1/2
and the midpoint of the grid cell; the first half steps are stored
in separate matrices H, and H,, to be reintroduced during the
second half step as shown in Figure 4. The first half steps for
U and V are approximated in a similar process and are stored
inU,,U, and V,,V, as follows [13, 15]:

n+1/2 _ 1 n n At n n
Hy = 5 (Hi+ i) = 5= (Ul = U @)

n+1/2 _ 1 n n At n n
Hy,.,jﬂ,2 =5 (Hi,j+1 + Hi,j) - 20y (Vi,j+1 - Vi,j)’ (8)

Un+1/2 _ l(U
2

Xit1/2,j i+1,j + U )

A
A [(r) - () ) ®

( (i, -2 (1))

U _ %(U.". LUL) - 2L ((Ur Vi )

Fijerja A7 S A A (10)
- (Urvie?)],

VIR = 2 (Vi 4 Vi) - ZAA—; (U7 Vit HE) W
- (UrviE?)],
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FIGURE 4: The values of vector H,, H},, U, and V represented the
solution at the midpoints of the grid cell.

T2 (V)
A " " " .
- ﬁ [((Ui,j+1)2 Hiji -~ (Ui,j)z H,;j> (12)
2 2
e (L) - L))

The second half step completes the time step n2+ 1 by using the
values calculated in the first half step to calculate new values
at the centre of the grid cell [13, 15]:

o - g At U2 n+l/2 At Y2
Lj o i)j__ X %) Ay Yijjr1/2
Ax /2 12 Ay it/
_yntl/2
V)’i,j—l/z) ’
n+1 n
Uij = Ui,

)+ (m))
(o) () 2 (2))]
-y (G () (20
- (U (V) ()]

v = v - (o) (v ()
- (Ul ) (vane) (a2
e (RN CAREI G

(Y ()« 4 (Y]

- (e

(13)

The finite difference method computes a numerical approx-
imation to the boundary conditions of the reservoir. For the
left boundary condition, we havei = 0 and 1 < j < M, letting
Hy; = H{;, Uy; = Uy, and Vi, = V['. Substituting the
approximate unknown vector nodes Hy ;, Uy ;,and Vg, of the
left boundary into (7), (9), and (11), respectively,

HP = 2 (g Hy) - e (U - Us) =
Ui = % (U1, +Us,)
- ZAA_tx [((UTJ)Z HY - (Ug,)" Hy ) )
(L) -2 ()] =0t
Vi = % (Vi +Vay) - ZAA_tx (U ViHT))

- (Us,VoHos)] = Vi

For the right boundary condition, we havei = Land 1 < j <
M, letting H]’_’H’j = H]'_')j, Ufﬂ’j = Uz"j, and VL"HJ = Vﬁj
Substituting the approximate unknown vector nodes H,, ;,

UZ+1,j’ and VL”H’]. of the right boundary into (7), (9), and (11),
respectively,
n+1/2 _ 1 n n At n n
me,z,j =5 (HL+1,j + HL,j) T A (UL+1,j - UL,j)
= Hz,j’
n+1/2  _ n n
Kpapg (UL+1,J' +UL,j)

1
2
N _t [((Uﬁl,j)z HZ+1,]‘ - (Uf,j)z HZ,;)
(15)

+1/2 1
vy -5 (V£l+l,

XL+1/2,j 2

n
j+VL,j)

A
- ﬁ [(UZ+1,jV£1+1,jH£l+1,j) - (UZ,]'VZjHZj)]

_ n
=V

For the lower boundary condition, we have 1 <i < Land j =
0, letting Hy, = H}, Uj, = U}, and V) = V]| Substituting
the approximate unknown vector nodes H;, U, and V/;, of

the lower boundary into (8), (10), and (12), respectively,

1 At
H™'? = ~ (H, + H}}) - 28y (Vi =Viy) =H],

Yirp E
U = S (Ul + U - A (U v HE)
Yiij2 2 i1 3,0 sz i1 74,177,

- (Uiy,lovz‘?oHir,lo)] = UZP
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A
- ﬁ [((UZI)Z HZI B (Uir,lo)2 HZO)

(5 ) =5 (1)) | = vin

1
Vn+1/2 _ 5 (V:LI 4 V:lo)

(16)

For the upper boundary condition, wehave 1 <i< Land j =
M, letting Hj'y;,y = Hiyp, Uiy = Upyp and Vi, = Vi
Substituting the approximate unknown vector nodes H;.
Ul'yi41o and V] of the upper boundary into (8), (10), and

(12), respectively,

n+l1/2  _ 1 n n At n n
Hyi,M+1/2 - E (Hf,MH + Hi,M) - 2Ay (Vi,MJrl - Vi,M)

n
:H4) 5

2 1
U, =5 (UZMH + UZM)

YiM+1/2

A n n n n o ysn n
B ﬁ [(Ui,M+1Vi,M+1Hi,M+1) - (Ui,MVi,MHi,M)]
(17)

_ T
- Ui,M’

n+1/2 n n
VJ’i,M+1/z - (Vi,M+1 + VrM)

1
2
At " 2. n N2
T OAv [((Ui,M+1) Hippan — (Ui,M) Hi,M)

3.2. Forward Time Central Space Method for Water Pollutant
Dispersion with Removal Mechanism Model. We can then
approximate C(x;, y;,t,) by C} ;> the value of the difference
approximation of C(x, y, ) at point the grid point (x;, y;, )
is defined by x; = iAx foralli = 0,1,2,....,L, y; =
jAy forall j = 0,1,2,...,M, and t, = nAt foralln =
0,1,2,...,T, in which L, M, and T are positive integers. We
use the forward differences in time and central difference
in space in advection-diffusion equation; we get the finite
difference equations as follows [15]:

C=Cl,
n+1 n
a_c . Ci)j —Ci,j
ot At
aC C?H,j - C?—l,j
ox 2Ax ’
oC - C2j+1 - Cijl
dy 2Ay ’

0°C Cij —2C; + CL

gL i-1,j
0x? (Ax)?

>
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#c  Cijn —2C;+C;

ij-1
» o (m)
U= UZ].,
RS Vlnj,
Q=Q;;

(18)

Taking the forward time central space technique [15] into
(5), we get the following finite difference equation:

+1
Gy —Gi s Cij + Gty
At b 2Ax

; C;.“,].Jr1+CZJ._1
Ty

(19)

C?ﬂ,]’ - ZCZ]' + C?—l,j
(Ax)*

n n
—2C;+C i
2

(Ay)
Rearrangement of (19) gives
Cij = (.- )‘X”Zj) Gyt (v, - ’\yVZj) Cijni

+ (ye+ /‘x”?,j) Ciijt (v + ’\y":fj) Cijt

i,j+1

Cn 1 "
+ - RC}, - Q.

(20)
+(1 -2y, -2y, - RAt) C}; - QA

where A, = At/2Ax, X, = At/2Ay, y, = DAt/(Ax)%,
Yy = DAt/(Ay)Z, D is the diffusion coefficient (m*/s), R is the
substance decaying rate (s, and Q(x, y,t) is the decreasing
rate of water pollutant concentration due to a water pollutant
sink (kg/ m’s).

If Cl” is on the boundary of the opened-closed reservoir,
it is calculated by applying the backward difference scheme
to the right boundary condition and the upper boundary
condition. We also take the forward difference scheme to the
left boundary condition and the lower boundary condition.

For the left boundary condition, wehavei = 1and 1 < j <
M, letting Cjj ; = CY . Substitute the approximate unknown

vector nodes Cy ; of the left boundary into (20) as follows:
n+1 n n n
Cr; —Ci; " G+ Co;
At M 2Ax

" CT,jH + CT,j—l
T
J 2Ay

(1)

<C;,j - C’f,j N C?,jﬂ - ZC?,]' + C?,j—l )
(Ax)* (Ay)*
- RC'ij - Q;"j.
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For the right boundary condition, we havei = Land 1 < j <

M, lettingC7,, ; = C] .. Substitute the approximate unknown

vector nodes Cy,, ; of the right boundary into (20) as follows:

n+1 n n n
CL,j - CL,j o (CL+1,]‘ + CL—l,j )

At Li 2Ax
. (CL a1t Cf,jfl
+, j 2y (22)

—Cf,j - CZ—I,j N CZ,,-H - ZCZ,]’ + C?,j_l
(Ax)’ (Ay)’

- RCZ,J- - Qz,j.

For the lower boundary condition, we have 1 < i < L and

j = Lletting C}') = C}',. Substitute the approximate unknown
vector nodes CZO of the lower boundary into (20) as follows:

Cﬁl -C n (Cihn tCipy
, L , ,
At ’ 2Ax

. [Cih+Cly
T\ any (23)

_D ( Ciiy —2C +CLy N C,-Ci )
- 2
(ay)

(Ax)?
For the upper boundary condition, we have 1 < i < L and
j = M, letting C,, ., = C}). Substitute the approximate
unknown vector nodes C},,., of the upper boundary into
(20) as follows:

- RC}, - QL.

n+1 n n n
Cim —~Cim ! Cim +Ciiim
At “M 2Ax

N n
n (Ci,M+l +Cipmr )

+ 7.
Vl,] ZAy (24)
-D C?H,M - ZCZM + C;‘il,M N _CZM + C?,M—l
(Ax)* (Ay)°

- RC} - Qs

4. Numerical Simulations

Assume that the western gate is opened and the water
elevation along the gate is described as a function f = 1 +
(0.25sin(0.1¢)). The elevation of water on the eastern exit
gates is assumed to be 0h/ox = k = 0.05, where « is the
rate of change between inner and outer water level through
the eastern exit gate. The initial pollutant concentration in
reservoir is ¢, = 1.50 (kg/m’). The water pollutant is released
from the open western gate into the reservoir, which is the
averaged pollutant concentration along the entrance gate

7
TABLE 1: Removal mechanism locations (x, y) (meter, meter).
Removal mechanism  Northern Center Southern
Zone 1 (200,1600)  (200,1080) (200, 400)
Zone 2 (800, 1600) (800, 1080) (800, 400)
Zone 3 (1200, 1600) (1200, 1080) (1200, 400)
50 T T T T T | R T T T
45| .
40 =
e
<

5 10 15 20 25 30 35 40 45 50
0<x<2Km

FIGURE 5: Approximated water velocity in an opened-closed reser-
voir.

defined by ¢, = 10.00 (kg/m’). The reservoir has drained
water off through the exit eastern gate with the rate of change
of pollutant concentration across the gate defined by ¢, =
—0.001. The embankment of reservoir is a nonabsorbing
boundary bank. Consequently, there is no rate of change of
pollutant concentration at the boundary of opened-closed
reservoir, 0C/on = 0, where n is a normal vector. There are
three contaminant removal mechanisms in the reservoir as
shown in Figure 1. There are 3 mechanisms such as northern,
center, and southern mechanisms which are contained in
each zone. The removal mechanisms for each zone are located
as shown in Table 1. If the contaminant removal mechanism
is added, assume that the removal mechanisms have the same
absorptive rate that can be described as a function Q(x, y,t) =
0.10 (kg/m’s). There is a pollutant concentration which is loss
from the water surface, the decaying rate R = 0.1 x 107° (s").

The water flow velocity in x- and y-directions and the
water elevations are approximated by using (13) as shown in
Tables 3 and 4 and Figure 5. The water pollutant concen-
trations are approximated by using (20). The approximated
pollutant concentrations in an opened-closed reservoir are
shown in Table 5.

4.1. Simulation 1. The Different Activated Zonal Removal
Mechanism Systems Effect. The approximated pollutant con-
centration levels in removal mechanism system and non-
removal mechanism system are compared in Figure 6. The
approximated pollutant concentrations, when the first zonal
removal mechanism systems are activated, are shown as
a surface plot in Figure 7. The approximated pollutant
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TABLE 2: Monitoring point locations (x, y) (meter, meter).

Monitoring points M1 M2 M3 M4 M5
Locations (1600, 1600) (1600, 1200) (1600, 800) (1600, 400) (2000, 1000)
TaBLE 3: Approximated water flow velocity in x-direction u(x, y,t) (m/s).

y/x (m) 0 400 800 1200 1600 2000

800 0.0000 0.0870 -0.0356 0.0411 0.0219 -0.1939
1000 0.0000 —-0.0344 —-0.0021 0.0103 —-0.0487 0.0305
1200 0.0000 —-0.1260 0.0491 —-0.0584 0.0283 0.1866

10 T T T T T T T T T

Pollutant concentration (Kg/m3)
w

0 1 1 1 1 1 1 1 1 1
5 10 15 20 25 30 35 40 45 50

0<x<2Km

—— Removal mechanism
—— Non-removal mechanism

FIGURE 6: Comparison of approximated pollutant concentrations in
removal mechanism system and nonremoval mechanism system.
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FIGURE 7: Approximated pollutant concentrations when the first
zonal removal mechanism system is activated.

concentrations, when the second zonal removal mechanism
systems are activated, are shown as a surface plot in Figure 8.
The approximated pollutant concentrations, when the third
zonal removal mechanism systems are activated, are shown
as a surface plot in Figure 9.

The approximated pollutant concentrations along the
northern part, C(x, y,t), forall 0 < x < 2000m, y =
1200m, and 0 < ¢t < 100min, when the first, second,
and third zonal removal mechanism systems are activated,
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FIGURE 8: Approximated pollutant concentrations when the second
zonal removal mechanism system is activated.
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FIGURE 9: Approximated pollutant concentrations when the third
zonal removal mechanism system is activated.

are compared in Figure 10. The approximated pollutant
concentrations along the middle part, C(x, y,t), for all 0 <
x < 2000m, y = 1000m, and 0 < ¢t < 100 min, when
the first, second, and third zonal removal mechanism systems
are activated, are compared in Figure 11. The approximated
pollutant concentrations along the southern part, C(x, y, 1),
forall0 < x < 2000m, y = 800m, and 0 < ¢t < 100 min,
when the first, second, and third zonal removal mechanism
systems are activated, are compared in Figure 12.

4.2. Simulation 2: The Exit Gate Opening on Different Periods
of Time Effect. Assuming that the third zonal removal mech-
anism systems are activated. The approximated pollutant
concentrations over 5 monitoring nodes, when the third
zonal removal mechanism systems are activated and the
eastern exit gate is opened, are shown in Figure 13. Five
monitoring nodes are located as shown in Table 2. If the
eastern exit gate is opened or shut on different periods of
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TABLE 4: Approximated water flow velocity in y-direction v(x, y,t) (m/s).
y/x (m) 0 400 800 1200 1600 2000
800 0.6213 0.0256 -0.1082 0.0412 0.0323 0.1251
1000 -0.2959 0.4853 —-0.1423 —-0.0040 —-0.1365 —-0.5382
1200 0.5779 —-0.0048 -0.1376 0.1127 0.0168 0.1442
TABLE 5: Approximated pollutant concentration C(x, y,t) (kg/m®).
y/x (m) 0 400 800 1200 1600 2000
800 5.7854 2.9295 1.5580 0.7936 1.0637 1.3736
1000 10.0000 4.0758 1.6448 0.5297 1.0873 1.3920
1200 5.8178 2.9421 1.5798 0.9594 1.1355 1.3860
10 T T T T T T T T T

Pollutant concentration (Kg/ms)
w

Pollutant concentration (Kg/ m?)

0<x<2Km 0<x<2Km
—— Zone 1l —— Zonel
—— Zone?2 —— Zone 2
——— Zone3 —— Zone3

FIGURE 10: Comparison of approximated pollutant concentrations
along the northern part, C(x, y,t), for all 0 < x < 2000m and y =
1200 m and 0 < ¢ < 100 min, when the first, second, and third zonal
removal mechanism systems are activated.

time such as 0-100 min, 33-100 min, and 66-100 min, the
approximated pollutant concentrations over 5 monitoring
nodes are also compared in Figure 13. The comparison
of approximated pollutant concentrations along the eastern
exit gate, C(x, y,t), for all 800 < y < 1200m, x =
2000m, and 0 < t < 100min, when the eastern exit
gate is opened or shut on the difference periods of time
such as 0-100 min, 33-100 min, and 66-100 min, is shown in
Figure 14. The overall approximated pollutant concentrations,
when the eastern exit gate is opened on the period 0-100 min,
are shown in Figure 15. The overall approximated pollutant
concentrations, when the eastern exit gate is opened on
the period 33-100 min, are shown in Figure 16. The overall
approximated pollutant concentrations, when the eastern exit
gate is opened on the period 66-100 min, are also shown in
Figure 17.

FIGURE 11: Comparison of approximated pollutant concentrations
along the middle part, C(x, y,t), forall 0 < x < 2000 m, y = 1000 m,
and 0 < t < 100 min, when the first, second, and third zonal removal
mechanism systems are activated.

5. Discussion

In simulation 1, the different activated zonal removal mech-
anism systems are considered. The approximated pollutant
concentration levels with the contaminant removal mech-
anism system are shown in Figure 6. We can see that the
removal mechanism can be used to reduce the pollutant con-
centration in the opened-closed reservoir. The approximated
pollutant concentrations, when the first/second/third zonal
removal mechanism systems are activated, are shown as a
surface plot in Figures 7, 8, and 9. The approximated pollutant
concentrations along the northern/middle/southern parts,
when the first, second, and third zonal removal mechanism
systems are activated, are compared in Figures 10, 11, and 12.
We can see that the third zonal removal mechanism systems
give better water quality than another activated zones.

In simulation 2, the eastern exit gate opening on different
periods of time is considered. The suitable third zonal
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FIGURE 12: Comparison of approximated pollutant concentrations
along the southern part, C(x, y,t), forall 0 < x < 2000m, y =
800 m, and 0 < t < 100 min, when the first, second, and third zonal
removal mechanism systems are activated.
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FIGURE 13: The approximated pollutant concentrations over 5 mon-
itoring nodes, when the eastern exit gate is opened on 0-100 min,
33-100 min, and 66-100 min.

removal mechanism system has been chosen to be activated.
If the eastern exit gate is opened or shut on different periods
of time such as 0-100 min, 33-100 min, and 66-100 min, the
approximated pollutant concentrations over 5 monitoring
nodes are shown in Figure 13. We can see that the full periods
(0-100 min) of opened exit gate give better water quality for
all 5 monitoring nodes.

If we consider the approximated pollutant concentrations
along the eastern exit gate, when the the eastern exit gate is
opened or shut on the difference periods of time as shown
in Figure 14, we can also see that the long opened exit gate
period (0-100 min) gives the better monitored water quality
than another periods as well.
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F1GURE 14: The approximated pollutant concentrations over the east-
ern exit gate is opened on 0-100 min, 33-100 min, and 66-100 min,
when C(x, y,t) for all 800 < y < 1200 m and x = 2000 m.
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FIGURE 15: The overall approximated pollutant concentrations when
the eastern exit gate is opened on the period 0-100 min.

However, the overall approximated pollutant concentra-
tions, when the eastern exit gate is opened on the different
period of times, are shown in Figures 15, 16, and 17. We can
see that the period (66-100 min) of the opened exit gate,
which is shortest, gives better overall water quality than other
periods. These mean that the monitoring point placement
for water quality measurement in an opened-closed reservoir
affect to water quality assessment. These mean that the
approximated water quality measurement on monitoring
points in an opened-closed reservoir affect the accuracy
assessment. The overall simulated pollutant concentration
method gives more precise water quality assessment than the
monitoring assessment method.
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FIGURE 16: The overall approximated pollutant concentrations when
the eastern exit gate is opened on the period 33-100 min.
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FIGURE 17: The overall approximated pollutant concentrations when
the eastern exit gate is opened on the period 66-100 min.

6. Conclusion

The monitoring point placement for water quality mea-
surement in an opened-closed reservoir can give accurate
or inaccurate assessment. However, the proposed numeri-
cal simulations have given the overall approximated water
quality when the removal mechanism systems are activated
in different zones. The proposed techniques give the zonal
removal mechanism placement to specialists who want to
control the water quality. Moreover, we obtain the overall and
specified approximated water quality for each points and time
when the exit gate is opened on the different periods of time.
The techniques can give a suitable period of time to open the
exit gate to specialists who want to get a good agreement water
quality by using contaminant removal mechanism.
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