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Abstract

The disposal of liquid waste on a landfill is a source of polluted groundwater.
Many people in rural regions depends on well water as their major supply of drinking
water. This well water might be polluted by landfill groundwater. A two-dimensional
mathematical model for measuring long-term polluted groundwater contamination
surrounding a land fill will be presented in this thesis. A mixture of two models gov-
erns the system. The first model is a two-dimensional transient groundwater flow
model that analyzes the hydraulic head of the groundwater. The second model is a
transient two-dimensional advection-diffusion equation that provides the groundwater
pollutant concentration. The hydraulic head and groundwater pollutant concentra-
tion will be approximated using the presented finite difference techniques. When
each simulated zone becomes a hazardous zone or a protected zone, the simulations
may be utilized to notify awareness. The significant groundwater quality component
identified by our proposed simulations is the leachate pollutant concentration sur-
rounding the landfill. The landfill’s chloride discharge has an impact on groundwater
quality. The total chloride concentration, hypochlorite concentration, chlorite con-
centration, chlorate concentration, and perchlorate concentration are all provided
by the chloride compound dispersion model groundwater pollutant concentration.
The important groundwater quality factors discovered in our simulation are pollution

concentration levels surrounding the landfill and transform rate.
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Chapter 1

Introduction

1.1 Research Motivation

In the present, water is the most vital element of our life. Not only is it essential
to our health, but also use it for numerous household tasks, every day we use water
for cooking, cleaning, bathing and drinking, but do we think about its source?, where
does its come from. There are two main source of water that is surface water and
groundwater. Surface water can be found in rivers, lakes and reservoirs. Groundwater
lies under the surface of the land, where it flow through the gap between rocks.
The rocks store and transmit groundwater are called aquifers. Groundwater must be

pumped from an aquifer to the earth’s surface for use.

Figure 1.1: Picture of surface water

https.//www.xylem.com/en-th/solutions/environmental-monitoring-analysis/

Figure 1.2: Picture of groundwater

http.//www.waterpolitics.com/2019/02/13/
groundwater-take-more-than-a-century-to-adapt-to-climate-change/



The question, how do we know it is safe to drink?, surface water and groundwa-
ter can be contaminated by some factor. Some contaminants occur in nature that may
present a health risk if they are found in drinking water. These contaminants include
uranium, radium, nitrate, chloride, bacteria and viruses. Many of these contaminants
are naturally present in rock and consequently end up in the water supply.

Other sources of contamination are a result of human activities such as manu-
facturing, agriculture, or individual misuse. The following activities may cause harmful

chemicals to enter the well water owner’s water supply.

e L eakage from waste disposal, treatment, or storage sites.
e Discharges from factories, industrial sites, or sewage treatment facilities.

e Leakage from underground storage tanks

We can see that, sroundwater can be contaminated from any factor and any
where. In this research, we interested in the case of groundwater contaminated by
the leachate from landfill, then, we need to know what the landfill and leachate is.

A landfill are the site for used to waste management purposes, such as tempo-
rary storage, consolidation and transfer, or for various stages of processing waste ma-
terial, such as sorting, treatment, or recycling. Landfill used to environment protection
from harmful effect of contaminated surface water infiltration into the groundwater.

Leachate are occur from water percolates through the garbage. This liquid is

extremely harmful and can contaminate to any way such as air, soil and water.

Figure 1.3: Picture of landfill

https.//envirotecmagazine.com/2019/01/11/
microbiologists-set-sights-on-landfill-bacteria/



Figure 1.4: Picture of leachate

https://sreentechlead.com/news/
nf-energy-develops-landfill-leachate-disposal-solution-16325

The effect of drinking contaminated or dirty water causes waterborne disease.
Contaminated water can cause many types of diarrheal diseases, including Cholera,
and other serious illnesses, such as Guinea worm disease, Typhoid, Dysentery and
high blood pressure, to avoid this problem, we used mathematical models to explain

groundwater contamination.

1.2 Literature Review

France PW (1974) talking about the finite elements analysis of three-dimensional
groundwater flow model. The Galerkin approach and cubic isoparametric elements
are used to simulate the flow domain as these permit accurate modeling of curved
boundaries.

McDonald MG and Harbaugh AW (1988) discussed a modular three-dimensional
finite difference groundwater flow model. The report includes detailed explanations of
physical and mathematical concepts on which the model is based and an explanation
of how those concepts are incorporated in the modular structure of the computer
program.

Trecott PC and Larson SP (1997) solved the three-dimensional groundwater
flow equations using the strongly implicit procedure.

Bakker M (1999) presented a simulating groundwater flow in multi-aquifer sys-
tems with analytical and numerical Dupuit-models. The analytic Dupuit solutions for
multi-aquifer flow are compared to exact solutions for two-dimensional flow in the
vertical plane to determine the error in discharge that is introduced by adopting the
Dupuit approximation.

Gardenas (2005) talking about a two-dimensional modeling approach to im-

prove fertigation strategies and soil types on nitrate leaching potential.



K. Halil and M. Tammer Ayvaz (2005) describe a transient groundwater modeling
by using spreadsheets. The models suppose variable as data in considered area to
description their problem.

Husam Baalousha (2008) created groundwater modeling for groundwater man-
agement and remediation. Models are predict future behavior.

Pongnu N and Pochai N. (2017) presented the numerical simulation of ground-

water measurement using alternating direction methods.

1.3  Objectives of the Study

1) To propose two-dimensional latitudinally averaged groundwater flow model that

can describe groundwater hydraulic head.

2) To propose velocity potential model in two-dimensional vector fields that can

explain direction of groundwater flow.

3) To propose two-dimensional latitudinally averaged groundwater pollution dis-

persion model that can describe concentration of groundwater pollutant.

4) To propose numerical method for solving their considered models by using the
finite difference method.

5) To improve the models for trend protection of groundwater contamination.

6) To classify the consideration area into 3 classes such as the contaminated zone,

the agricultural zone and the safety zone.

1.4 Scope of the Study

1) We will consider two-dimensional latitudinally averaged groundwater flow model.

2) We will consider model of velocity potential model in two-dimensional vector
fields.

3) We will consider two-dimensional latitudinally averaged groundwater pollution

dispersion model.
4) We will consider the models in homogeneous and heterogeneous aquifer.
5) We will propose numerical experiments by using the forward time centered.

6) We will propose numerical experiments and construct a computer program to

support the numerical solution.



1.5 Research methodology
1) To study groundwater problems and effect.
2) To study about groundwater models from textbooks and related researches.
3) To propose two-dimensional latitudinally averaged groundwater flow model.
4) To propose velocity potential model in two-dimensional vector fields.

5) To propose two-dimensional latitudinally averaged groundwater pollution dis-

persion model.
6) To study numerical method from textbooks and related researches.

7) To propose numerical method for solving by using the finite difference methods,

the forward time centered space method.
8) To write a mathematical program.
9) To create and give numerical examples to support our models.
10) To analyze the simulation results.

11) To write the thesis.

1.6 Benefits of the Study

This proposed study in thesis is to develop the mathematical models for sim-
ulation groundwater system. These simulations can represent the behaviors of hy-
draulic head, direction of groundwater flow and concentration of groundwater pollu-
tion. Those techniques have received acceptance that are efficient application to use
in realistic scenarios. This study can take to apply for waste management in ground-

water in order to prevent the groundwater pollution concentration.



Figure 1.5: Plan of thesis



Chapter 2

Groundwater models

2.1 Mathematical models

The value of groundwater or the groundwater characteristics can be estimated
by mathematical models. The groundwater model results to groundwater specific
character of groundwater for prediction groundwater system. The groundwater flow
through soil is governed by the Darcy’s law that be described by partial differential
equation.

2.1.1 A two-dimensional latitudinally averaged groundwater flow model

Figure 2.1: General structure of problem domain in top view.

Figure 2.2: General structure of problem domain in side view.



Figure 2.3: General structure of problem domain in full side view.

The governing equation of a latitudinally average integrated Darcy’s flow in a
two-dimensional is:

OH(z,z,t) 0 0H(z,z,t) 0 0H(z,2,t)
SR T <K”” ar )T BT ) 21)

where H(z, z,t) is the hydraulic head(metre), S matrix of specific storage(1/metre), L,
is the considered area length, L, is the depth of considered groundwater area, T'is the
stationary time of simulation as shown in Figure 3.1. The hydraulic conductivity(metre/
day) component in the z, » directions are denoted by K,, K., respectively. Assuming
that the soil topography in the considered area is homogeneous, these mean that the
hydraulic conductivity are constant.

2 2
SaH(:E,z,t) _ KT(? H(xz,z,t) +K23 H(z,z,t)

ot ' Oz 0z ' (2.2)

for all (z,z,t) € Q such that Q = [0, L,] x [0, L.] x [0, 7.

2.1.2  Groundwater flow velocity model

We can obtain that the groundwater flow velocity in z-direction is a decreasing
rate of change of the hydraulic head z-direction,

OH

Similarly, the groundwater flow velocity in z-direction is a decreasing rate of change

of the hydraulic head in z-direction,

oH
2.1.3 A two-dimensional latitudinally average groundwater pollution
dispersion model

An advection-diffusion model provides a continuous description of groundwa-

ter pollutant transport in the groundwater. A two-dimensional latitudinally averaged



groundwater pollution dispersion model is:

0?c(x, 2,t)
022

Oc(x, z,t) n dc(x, z,t) N Jc(x, z,t) _ Dma%(m,z,t)

ot R R gz TP

+Q,

for all (x,z,t) € Q such that Q = [0, L,] x [0, L.] x [0,T], where ¢(z, z,t) is the ground-
water pollutant concentration(ke/m?), D, D, are the diffusion coefficient in 2- and z-
directions, u(z, z,t), v(z, 2, t) are the groundwater flow velocity in the z- and z-directions

and @ is groundwater pollutant source or sink function by contaminators.

2.2 The initial and boundary conditions

The partial differential equations are solved by using a finite difference method
consisting of the applicable governing flow equation, boundary conditions, and initial
conditions. The initial and boundary conditions are defined by an interpolation func-

tion of measured raw data

Figure 2.4: The boundary condition of groundwater flow model.

2.2.1 Initial and boundary conditions of a two-dimensional latutidinally

average groundwater flow model

Initial condition If the potential hydraulic head in the area is static, the initial
condition is assumed by
H(z,2,0) = h(x, 2), (2.5)

where h(z, 2) is a given potential hydraulic head function in the considered area.
Boundary conditions The top, rigsht and bottom boundary conditions are

assumed by the averaged rate of change of hydraulic head around the top, right and

bottom boundaries. The left boundary condition is assumed by the interpolation

function of measured raw data in the considered landfill as shown in Fig 2.1. The
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boundary condition, are also assumed by

H(0,z,t) =hr, foral0<2<1,,t>0 (2.6)
Wzm, forall 0 <z <I,,t>0 2.7)
W:hm forall0<z<I.,t>0 (2.8)
%:h& foral0<a < I,,¢t>0 (2.9)

where hy, hy, hr and hp are the boundary source of hydraulic head on the left bound-
ary domain. The rate of change hydraulic head with respect to domain boundaries
around the top, the bottom and the right bottom around the considered area as

shown in Figure 2.2, respectively.

2.2.2 Initial and boundary conditions of a two-dimensional latitudinally

average groundwater pollution dispersion model

Initial condition The potential groundwater pollutant concentration in the

considered area is described by
c(x,2,0) = co(x, 2). (2.10)

where ¢y (z, 2) is a averaged potential groundwater pollutant concentration function in
the considered area.

Boundary conditions The left boundary condition is assumed by the in-
terpolation function of measured raw data at the considered landfill. The top, right
and bottom boundary conditions are assumed by the averaged rates of change of
pollutant concentration around the top, right and bottom boundaries. The boundary

conditions are also assumed by

c(Ly,z,t) = gy, forall k1L, <z < koL, t >0 (2.11)
W:gb forall0 <z <L.,t>0 (2.12)
w — gz, forall z € [0, k1 Ly) U (kLo Ly],t > 0 (2.13)
Plelnl) g, forall o<z <Lot>0 @14
w:gB, forall0 <z < L,,t>0 (2.15)

where kL, and koL, are referred to the range area of the groundwater pollutant
area source and g, gr,gr and gp are the rate of change pollutant concentration with
respect distance around the top, the bottom and the right boundaries along the con-

sidered area, respectively.



Figure 2.5: The boundary condition of groundwater pollutant dispersion model.
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Chapter 3

Explicit finite difference techniques for a long-term

groundwater quality assessment model

Explicit finite difference technique is proposed, the forward time central space
method.

3.1 Forward Time Centered Space technique with mathematics

models

The groundwater flow through soil is governed by the Darcy’s law that can be

described by the partial differential equation. The governing equation of Darcy’s flow

0H 0 OH 0 0H

This equation approximated solutions by using finite difference techniques.

is:

The following in a two-dimensional latitudinally averaged groundwater flow model

(3.1) can be generated instead of using the forward time centered space technique,

n+1 n
OH  Hij —HJ

oH _ 2
i - 7 (3.2)
2H N H oy —2H; + H; 1y (3.3)
0x2 (Az)? ,

62H N Hzn—l,j — QHZ?J + H?—‘,—l,j (3 4)
oz = (32)? |

Substituting (3.2)-(3.4) into (3.1). That is

HH _ gn H". . —2H" + H". Hr . —2H™ + H™ . .
7,7 1,7 _ 3,j—1 7,7 3,7+1 1—1,7 7 i+1,7
’ (At) - s (S ) i (SR ) 68)

forall0 <i < M,,0<j < M,and0<n < N. Then the explicit finite difference
equation becomes

PP = o, 4 aH  + (1 — 20— 28)H} + BH-, ; + BH, . (3.6)

KA | (A

where o = Giaap S(Az)
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The forward space method is introduce to the velocity potential model in
two-dimension velocity field
OH

OH

By the forward space technique is form
OH _Hj, —H,

5y = » Az H: (3.9)
O o T R (3.10)
Substituting (3.9) - (3.10) into (3.7) and (3.8). That is
ufy =~ (HEy — HY), (5.11)
R —é(H{LLj - Hij)- (3.12)

where H is the approximated hydraulic head.
The following discretization in two-dimensional latitudinally averaged ground-
water pollution dispersion model

Oc Oc Oc 9%c &

can be generated instead of using the forward time centered space technique,

oz, 2,t) ~ CF,
% . C”JHAZC"J (3.19)
% N C@%f”m , (3.15)
b % (3.16)
5 n . _orm n
% N Criy (25;—,)]-; Cz‘,j+1’ (3.17)
) 0 orm n
% . Oty (ZAC;,)J»2+ Cliry (3.18)
Substituting (4.2) - (3.18) into (4.1). That is
At ] 2Ax e 2Az

forall0 <i < M,,0<j < M,and0 <n < N. Then the explicit finite difference

equation becomes

Citl = (m+m) 0y

+ (Tl — TQ) Cin—i-l,j + (/\1 — )\2) CZ,Lj—‘,—l + QAt,

v{fjAt
2Az

+ A1+ A2) Oy + (1 =20 —2m)CY

?

(3.20)

DAt Clud At DA Y, 1O
Az’ 27 oAz N T (a2 T 2T

where A\ =
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3.1.1 Apply their boundary conditions

The approximate of a two-dimensional latitudinally averaged groundwater flow

model (3.1) having unknown value on the boundaries,

3.1.2 Forward time centered space technique with a forward space technique

to approximate the boundaries solution in groundwater flow model

Fori=0,0 < j < M, the approximated fictitious points on the boundaries, are
obtained by
H™, o= Hyo— hpAz. (3.21)

Substituting (3.23) into (3.6), that is
Hyt' = aHg; y +aHg;, + (12— f)HE,
+ BHT; — BhpAz. (3.22)
For i = 0,j = M, the approximated fictitious points on the boundaries, are obtained
by
H”y v, = Hy oy, — heAz, (3.23)

H p1 = Hy g, + hrAR. (3.24)
Substituting (3.23) - (3.24) into (3.6), that is

HY'4 = aHG o+ (1= 20— 28)HG 5, — BhpAz
+ BHY 5, + ahrlx. (3.25)

For 0 < i < M,,j = M, the approximated fictitious points on the boundaries, are
obtained by
Hi'y, o1 = Hiy, + hrAz. (3.26)

?

Substituting (3.24) into (3.6), that is

Hznz\t[i =aHl'y 1+ (1 —a—=28)H"y +BH" |

s Vi

+ BH ur, +afr(z)A. (3.27)

Fori= M., j = M, the approximated fictitious points on the boundaries, are obtained
by

Hyr v1m, = Hiy v, + hrAz, (3.28)
Hiy v+ = Hypou, +hrAw. (3.29)

Substituting (3.31) - (3.29) into (3.6), that is

n+1 _ n n n
Hy oy = aHy v, + (=200 = 28)Hyy y, + BHy 1,

+ BhrAz + ahgr(z)Az. (3.30)
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For i = M,,0 < j < M, the approximated fictitious points on the boundaries, are
obtained by
Hyth = Hyy ; + hpAz. (3.31)

Substituting (3.31) into (3.6), that is

Hiy 1y = oHyy 0 +aHyy 0+ (1= 20— B)Hy;

+ BHy, 1 ; + BhrAz. (3.32)

3.2 Forward time centered space technique with a forward space
technique to approximate the boundaries solution in

groundwater dispersion model

For i = 0,5 = 0 the approximated fictitious points on the boundaries, are ob-

tained by

Co_1 = Cgo—grAz, (3.33)

C" 0 = Cyo—9gBAz. (3.34)
Substituting (3.51) - (3.39) into (3.20), that is

Cogt = (1 +72) (Cho — gBAz) + (M + A2) (CFo — grAz) + (1 — 2X; — 211)C

+ (Tl — 7'2) C{L’O + ()\1 — )\2) C(T)L,l + QAL. (3.35)

Fori=10,0 < j < M, the approximated fictitious points on the boundaries, are obtained
by

Cty; = Cy; —gpAz. (3.36)
Substituting (3.39) into (3.20), that is

ngl = (Tl + Tg) (Cg"] — gBAZ> + ()\1 + )\2) C&jfl + (1 —2)\ — QTl)Cg)j
+ (1 —=72)CF; + (A1 — A2) CF 4y + QAL (3.37)

For i = 0,5 = M, the approximated fictitious points on the boundaries, are obtained
by

Con,+1 = Co o, +9rAT, (3.38)

C v, = Com, — 9BAZ. (3.39)
Substituting (3.43) - (3.39) into (3.20), that is

Cott = (M +72) (Ciar, —98A2) + (M +X2) Cflap, 1 + (1 =20 = 270)Cf oy,

+ (71 = 72) Clar, + (A1 = X2) (O ay, + grAT) + QAL (3.40)
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For 0 < i < M,,j = M, the approximated fictitious points on the boundaries,
are obtained by

Cint,+1 = Citn, + 9rAR. (3.41)
Substituting (3.43) into (3.20), that is
CHE = (m+72)Clyan, + (M4 X2) CPap 4+ (1= 20 —27m)CFy,
+ (11— 72) Oy ar, + (A1 — A2) (Cay, + grAT) + QAL (3.42)

Fori= M.,,j = M, the approximated fictitious points on the boundaries, are obtained
by

Cir. my+1 = Chr. m, +9rAT. (3.43)
Cir.s1m, = Chr.ou, + 974z (3.44)

Substituting (3.43) - (3.48) into (3.20), that is
Cith, = M +7)Chr i, + (A +XA2) Oy, a1 + (1 =20 —27)Chp ap,
+ (7’1 — Tg) (Cx[Z,Mz + gTAz) + ()\1 — )\2) (C;\l/IZ,Mw + gRAl‘) + QAt (345)

For i = M,,0 < j < M, the approximated fictitious points on the boundaries, are
obtained by

Chr.41,; = Ch.,; H9rAz. (3.46)
Substituting (3.48) into (3.20), that is
Citl = (m4m)Chr 1+ M +X2) Chy.j1 + (1 —2M\ —27)Chy_
+ (11 = 712) (Chp,j +9782) + (M = X2) Cfp 1 + QAL (3.47)

For i = M,,j = 0 the approximated fictitious points on the boundaries, are obtained
by

Cir.+10 = Chr. o +97Az, (3.48)
Cir.,—1 = Chir o — 9rAw. (3.49)

Substituting (3.48) - (3.51) into (3.20), that is
Citlo = (m+7)Ch 10+ (M + A2) (Chr. o — 9.Az) + (1 =20 —27)Chp_
+ (11— 1) (Clp o+ 97A%) + (A — X2) Chy 1 + QAL (3.50)
For0 < i < M., j = 0 the approximated fictitious points on the boundaries, are obtained
by
cr_y = CPy — gLAz. (3.51)
Substituting (3.51) into (3.20), that is

n+1
Ci,O

(11 +72) CiLy o+ (A1 + A2) (G — gr.Az) + (1 — 2\ — 27)CY

+ (7'1 — TQ) Czn—&-l,O + ()\1 — /\2) Clr:l + QAL. (3.52)
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3.3 Numerical simulations of groundwater quality assessment using

forward time centered space

The surrounding environment of a landfill its easily to contaminate by pol-
lutant from landfill. Leachate water from a landfill can flow down and contaminate
groundwater, it disperses to the community area. In this research, we consider ground-
water that has been contaminated by waste material on a landfill. The simulation of
the contaminated groundwater pollution model required data concerned with the
velocity of the current points and any time in the domain. The governing equation
of 3 models in the considered area are a two-dimensional advection-diffusion equa-
tion with time dependence. The first model is a two-dimensional groundwater flow
model, it provides the hydraulic head of the groundwater. The second models is the
velocity potential model, it provide the groundwater flow velocity. The third model
is a two-dimensional latitudinally averaged groundwater pollutant dispersion model.

The groundwater pollutant concentration is provided.

Figure 3.1: General structure of problem domain.

Suppose that the measurement of groundwater pollutant concentration C in
a groundwater flow is considered in an underground area. The considered under-
ground area has dimensions of 1.0 km of length and 0.5 km in depth, L, = 1.0 km and
L. = 0.5 km, respectively. The simulations need to propose the measurement of the
latitudinally averaged groundwater pollutant concentration in the considered area.

There is the landfill which is discharging leachate down to the considered
under ground area. The landfill is aligned with longitudinal distance 0.15 km, as shown
in Figure 3.1. The landfill discharges the groundwater pollutant to the underground
by c(x,0,t) = gn (kg/m?3) for all 100 < = < 250.

Assume that the specific storage is 1 m~! and the hydraulic conductivity in z-

and z-direction are 15 (m/day). There is no rate of change of hydraulic head on the
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left, the right, the bottom of the considered domain boundaries. There is no rate of
change of hydraulic head on the top boundary. We also assume that the leachate
which is flowing down to the underground has a pollutant concentration of 1.0 (kg/
m3). There is no rate of change of pollutant concentration on the left, the right, the
bottom domain boundaries. The related physical parameters are summarized in Table
3.1.

Table 3.1: The configuration in each simulations

S Ky K. hr hp hr hr D, D: Q@ gnv gr 9B 9Gr JL
Simulation4.1 1 15 15 0 0 0 10 15 15 0 1 0 0 0 0
Simulation4.2 1 15 15 0 0 0 40 15 15 0 1 0 0 0 0
Simulation 4.3 1 15 15 0 0 0 40 15 15 0 2 0 0 0 0
Simulation 4.4 1 15 15 0 0 0 40 1.5 15 0 4 0 0 0 0
Simulation 45 1 15 15 0 0 0 0.06z+10 15 15 0 4 0 0 0 0

3.3.1 Simulation 1 : Low leachate pollutant release rate with low hydraulic

head level

If the proposed explicit finite difference techniques for the two-dimensional
groundwater flow model Egs.(3.6), (3.27), (3.22) and Figure (3.32) are employed, we get
approximated hydraulic head, as shown in Table 3.2 and Figures 3.2. If the proposed
explicit finite difference technique for the groundwater flow velocity model Egs.(3.9)-
(3.10) are employed, we get the approximated groundwater flow velocity in the z-
and z-direction in Table 3.3-3.4 and Figure 3.3. The approximated groundwater flow
velocities are then plugged into the two-dimensional sroundwater pollutant dispersion
model. If the proposed explicit finite difference technique for the two-dimensional
groundwater pollutant dispersion model Eqs.(3.20), (3.52), (3.42), (3.37) and (3.50) are
employed, we get the approximated groundwater pollutant concentration as shown
in Table 3.5 and Figures 3.4.
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Hydraulic Head {metre)

0 Z-axis

x-axis 1000

Figure 3.2: The surface plot of hydraulic head Hy; for all (z, z,t) € [0,1000] x [0, 500] x [0, 3600].

Figure 3.3: The velocity field of hydraulic head

Figure 3.4: The surface plot of contaminated ¢}; for all (z, z,¢) € [0,1000] x [0,500] x [0, 3600].



Table 3.2: The approximated hydraulic head of simulation 3.3.1 where z = 50 m.

H(z,z,t)
t =0 r=20 =40 =x=60 =80 x=90
5 10.0000 9.3140 8.6331 7.9622 7.3061 6.9849
10 10.0000 9.5147 9.0312 85512 8.0766 7.8418
15 10.0000 9.6037 9.2083 8.8149 8.4244 8.2306
20 10.0000 9.6568 9.3142 89729 8.6335 8.4647

20

Table 3.3: The approximated groundwater flow velocity in z-direction(m/day) of simulation

3.3.1 where z = 50 m.

u(z, z,t)
t z=0 =20 =40 z=60 zx=80 =xz=90
5 0.0343 0.0341 0.0337 0.0330 0.0321 0.0316
10 0.0243 0.0242 0.0241 0.0238 0.0235 0.0233
15 0.0198 0.0197 0.0196 0.0195 0.0193 0.0192
20 0.0172 0.0171 0.0171 0.0170 0.0169 0.0167

Table 3.4: The approximated groundwater flow velocity

3.3.1 where z = 50 m.

in z-direction(m/day) of simulation

v(z, 2,t)
t =0 =20 =40 z=60 2x2=80 x=90
5 0 0 0 0 0 0
10 0 0 0 0 0 0
15 0 0 0 0 0 0
20 0 0 0 0 0 0

Table 3.5: The approximated groundwater pollutant concentration(kg/m?) of simulation 3.3.1

where z = 50 m.

C(z, z,t)
t =0 =20 =40 =60 =80 xz=90
5 0.0148 0.0198 0.0348 0.0654 0.1153 0.1467
10 0.0683 0.0768 0.0997 0.1408 0.2006 0.2356
15 0.1324 0.1419 0.1668 0.2094 0.2689 0.3029
20 0.1945 0.2042 0.2289 0.2703 0.3269 0.3587

3.3.2 Simulation 2 : Low leachate pollutant releasing rate with a high

hydraulic head level.

If the proposed explicit finite difference techniques for the two-dimensional

groundwater flow model Eqgs.(3.6), (3.27), (3.22) and (3.32) are employed, we get an

approximated hydraulic head as shown in Table 3.6 and Figure 3.5. If the proposed

explicit finite difference technique for the groundwater flow velocity model Egs.(3.9)-

(3.10) are employed, we get the approximated groundwater flow velocity in the z-

and z-direction in Table 3.7-3.8 and Figure 3.6. The approximated groundwater flow

velocities are then plugged into the two-dimensional groundwater pollutant dispersion
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model. If the proposed explicit finite difference technique for the two-dimensional
groundwater pollutant dispersion model Egs.(3.20), (3.52), (3.42), (3.37) and (3.50) are
employed, we get the approximated groundwater pollutant concentration as shown
in Table 3.9 and Figure 3.7.

Hydraulic Head (metre)

0 Z-axls

X-axis 1000

Figure 3.5: The surface and contour plot of hydraulic head H}; for all (z,z,¢) € [0,1000] x
[0,500] x [0, 3600].

Figure 3.6: The velocity field of hydraulic head



Figure 3.7: The surface of contaminated c}; for all (z, z,t) € [0,1000] x [0,500] x [0, 3600].

Table 3.6: The approximated hydraulic head(m) of simulation 3.3.2 where z = 50 m.

H(z,z,t)
t =0 =20 z =40 x = 60 z =80 =90
5 40.0000 37.2561 345325 31.8490 29.2244  27.9397
10 40.0000 38.0587 36.1247 34.2049 32.3063 31.3670
15 40.0000 38.4147 36.8333 352597 33.6977 329223
20 40.0000 38.6272 37.2569 35.8918 34.5342 33.8590

Table 3.7: The approximated groundwater flow velocity

3.3.2 where z = 50 m.

22

in z-direction(m/day) of simulation

u(z, z,t)
t =0 =20 =40 =60 2x=80 z=90
5 0.1371 0.1366 0.1348 0.1321 0.1285 0.1263
10 0.0970 0.0968 0.0962 0.0952 0.0939 0.0931
15 0.0792 0.0791 0.0788 0.0783 0.0775 0.0771
20 0.0686 0.0686 0.0683 0.0680 0.0675 0.0672

Table 3.8: The approximated groundwater flow velocity

3.3.2 where z = 50 m.

in z-direction(m/day) of simulation

v(z, z,t)
t =0 =20 =40 =60 =80 =x=90
5 0 0 0 0 0 0
10 O 0 0 0 0 0
15 0 0 0 0 0 0
20 0 0 0 0 0 0
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Table 3.9: The approximated groundwater pollutant concentration(kg/m?) of simulation 3.3.2

where z =50 m.

C(z, z,t)
t z=0 =20 =40 =60 2x=80 x=90
5 0.0000  0.0000 0.0002 0.0013 0.0067 0.0735
10 0.0006 0.0009 0.0023 0.0074 0.0226 0.0367
15 0.0035 0.0042 0.0076 0.0174 0.0410 0.0601
20 0.0097 0.0111 0.0164 0.0305 0.0605 0.0832

3.3.3 Simulation 3 : Medium leachate pollutant releasing rate with a high
hydraulic head level.

If the proposed explicit finite difference techniques for the two-dimensional
groundwater flow model Eqgs.(3.6), (3.27), (3.22) and (3.32) are employed, we get an
approximated hydraulic head as shown in Table 3.10 and Figure 3.8. If the proposed
explicit finite difference technique for the groundwater flow velocity model Eqs.(3.9)-
(3.10) are employed, we get the approximated groundwater flow velocity in the z-
and z-direction in Table 3.11-3.12 and Figure 3.9. The approximated groundwater flow
velocities are then plugged into the two-dimensional groundwater pollutant dispersion
model. If the proposed explicit finite difference technique for the two-dimensional
groundwater pollutant dispersion model Eqs.(3.20), (3.52), (3.42), (3.37) and (3.50) are
employed, we get the approximated groundwater pollutant concentration as shown
in Table 3.13 and Figure 3.10.

Hydraulic Head {metre)

zZ-axis

K-axis 1000 ©

Figure 3.8: The surface plot of hydraulic head H}; for all (z, z,¢) € [0,1000] x [0,500] x [0, 3600].



Figure 3.9: The velocity field of hydraulic head
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Figure 3.10: The surface and contour plot of contaminated ¢ ; for all (z, 2, t) € [0, 1000]x[0, 500] x

[0, 3600].

Table 3.10: The approximated hydraulic head(m) of simulation 3.3.3 where z = 50 m.

H(z,z,t)
t z=0 =20 x =40 x = 60 z = 80 =90
5 40.0000 37.2561 345325 31.8490 29.2244  27.9397
10 40.0000 38.0587 36.1247 34.2049 323063 31.3670
15 40.0000 38.4147 36.8333 352597 33.6977 329223
20 40.0000 38.6272 37.2569 35.8918 34.5342 33.8590

Table 3.11: The approximated groundwater flow velocity in z-direction(m/day) of simulation

3.3.3 where z =50 m.
u(zx, z,t)
t z=0 =20 =40 =60 x=80 x=90
5 0.1371 0.1366 0.1348 0.1321 0.1285 0.1263
10 0.0970 0.0968 0.0962 0.0952 0.0939 0.0931
15 0.0792 0.0791 . 0.0788 0.0783 0.0775  0.0771
20 0.0686 0.0686 0.0683 0.0680 0.0675 0.0672
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Table 3.12: The approximated groundwater flow velocity in z-direction(m/day) of simulation
3.3.3 where z = 50 m.

v(z, z,t)
t r=0 x=20 =40 =60 =80 =x=90
5 0 0 0 0 0 0
10 O 0 0 0 0 0
15 0 0 0 0 0 0
20 0 0 0 0 0 0

Table 3.13: The approximated groundwater pollutant concentration(kg/m?) of simulation 3.3.3

where z = 50 m.

C(z, z,t)
t z=0 =20 =40 z=60 2x=80 =xz=90
5 0.0000 0.0000 0.0004 0.0025 0.0134 0.0270
10 0.0012 0.0017 0.0045 0.0148 0.0453 0.0734
15 0.0069 0.0085 0.0151 0.0348 0.0819 0.1203
20 0.0194 0.0222 0.0329 0.0610 0.1209 0.1663

3.3.4 Simulation 4 : High leachate pollutant releasing rate with a high

hydraulic head level.

If the proposed explicit finite difference techniques for the two-dimensional

groundwater flow model Egs.(3.6), (3.27), (3.22) and (3.32) are employed, we get an

approximated hydraulic head as shown in Table 3.14 and Figure 3.11. If the proposed

explicit finite difference technique for the groundwater flow velocity model Eqs.(3.9)-

(3.10) are employed, we get the approximated groundwater flow velocity in the z-

and z-direction in Table 3.15-3.16 and Figure . The approximated groundwater flow

velocities are then plugged into the two-dimensional groundwater pollutant dispersion

model. If the proposed explicit finite difference technique for the two-dimensional
groundwater pollutant dispersion model Eqs.(3.20), (3.52), (3.42), (3.37) and (3.50) are

employed, we get the approximated groundwater pollutant concentration as shown

in Table 3.17 and Figure 3.13.
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Hydraulic Head {metre)
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Figure 3.11: The surface plot of hydraulic head H}; for all (z, 2,t) € [0,1000] x [0, 500] x [0, 3600].

¥

Figure 3.12: The velocity field of hydraulic head

Figure 3.13: The surface plot of contaminated ¢}; for all (z, z,t) € [0,1000] x [0, 500] x [0, 3600].



Table 3.14: The approximated hydraulic head(m) of simulation 3.3.4 where z = 50 m.

H(z,z,t)
t =0 =20 =40 r = 60 =80 =90
5 40.0000 37.2561 345325 31.8490 29.2244  27.9397
10 40.0000 38.0587 36.1247 34.2049 323063 31.3670
15 40.0000 38.4147 36.8333 352597 33.6977 329223
20 40.0000 38.6272 37.2569 35.8918 34.5342 33.8590
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Table 3.15: The approximated groundwater flow velocity in z-direction(m/day) of simulation

3.3.4 where z = 50 m.
u(z, z,t)
t z=0 =20 =40 zx=60 2=80 x=90
5 0.1371 0.1366 0.1348 0.1321 0.1285 0.1263
10  0.0970 0.0968 0.0962 0.0952 0.0939 0.0931
15 0.0792 0.0791 0.0788 0.0783 0.0775 0.0771
20 0.0686 0.0686 0.0683 0.0680 0.0675 0.0672

Table 3.16: The approximated groundwater flow velocity in z-direction(m/day) of simulation
3.3.4 where z = 50 m.

v(z, 2,t)
t =0 x=20 zz=40 z=60 zxz=80 =x=90
5 0 0 0 0 0 0
10 0 0 0 0 0 0
15 0 0 0 0 0 0
20 0 0 0 0 0 0

Table 3.17: The approximated groundwater pollutant concentration(kg/m?) of simulation 3.3.4

where z = 50 m.

C(z, z,t)
t z=0 =20 =40 =60 =x=80 x=90
5 0.0000 0.0001 0.0007 0.0050 0.0268 0.0540
10 0.0023 0.0034 0.0090 0.0297 0.0906 0.1468
15 0.0138 0.0170 0.0303 0.0697 0.1639 0.2406
20 0.0389 0.0444 0.0658 0.1220 0.2418 0.3327

3.3.5 Simulation 5 : Practical leachate pollutant releasing rate with a high

hydraulic head level.

If the proposed explicit finite difference techniques for the two-dimensional

groundwater flow model Eqs.(3.6), (3.27), (3.22) and (3.32) are employed, we get an

approximated hydraulic head as shown in Table 3.18 and Figure 3.14. If the proposed

explicit finite difference technique for the groundwater flow velocity model Egs.(3.9)-

(3.10) are employed, we get the approximated groundwater flow velocity in the z-

and z-direction in Table 3.19-3.20 and Figure 3.15. The approximated groundwater flow

velocities are then plugged into the two-dimensional groundwater pollutant dispersion
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model. If the proposed explicit finite difference technique for the two-dimensional
groundwater pollutant dispersion model Egs.(3.20), (3.52), (3.42), (3.37) and (3.50) are
employed, we get the approximated groundwater pollutant concentration as shown
in Table 3.21 and Figure 3.16.

Hydraulic Head (metre)

0 Z-axis

x-axis 1000

Figure 3.14: The surface plot of hydraulic head H}*; for all (z, z,t) € [0,1000] x [0, 500] x [0, 3600].

Figure 3.15: The velocity field of hydraulic head

Figure 3.16: The surface plot of contaminated ¢}, for all (z, z,t) € [0,1000] x [0,500] x [0, 3600].



Table 3.18: The approximated hydraulic head(m) of simulation 3.3.5 where z = 50 m.

H(z,z,t)
t =0 =20 =40 r = 60 =80 =90
5 36.4000 33.4092 30.4953 27.7080 25.0706 23.8111
10 36.4000 33.9669 31.6015 29.3447 27.2115 26.1917
15  36.4000 34.1979 32.0615 30.0295 28.1148 27.2014
20 36.4000 34.3326 323299 30.4300 28.6448 27.7948
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Table 3.19: The approximated groundwater flow velocity in z-direction(m/day) of simulation

3.3.5 where z = 50 m.

u(z, z,t)
t z=0 =20 =40 =60 x=80 x=90
5 0.1490 0.1470 0.1411 0.1338 0.1260 0.1220
10 0.1212 0.1194 0.1143 0.1082 0.1020 0.0989
15 0.1096 0.1080 0.1030 0.0972 0.0913 0.0885
20 0.1029 0.1013 0.0964 0.0907 0.0850 0.0823

Table 3.20: The approximated groundwater flow velocity

3.3.5 where z =50 m.

in z-direction(m/day) of simulation

v(z, 2, t)
t z=0 =20 z =40 z = 60 z = 80 =90
5 -0.0600 -0.0472 -0.0366 -0.0287 -0.0228 -0.0205
10 -0.0600 -0.0473 -0.0369 -0.0291 -0.0233 -0.0211
15 -0.0600 -0.0473 -0.0369 -0.0291 -0.0234 -0.0212
20 -0.0600 -0.0473 -0.0369 -0.0291 -0.0234 -0.0212

Table 3.21: The approximated groundwater pollutant concentration(kg/m?) of simulation 3.3.5

where z = 50 m.

C(z, z,t)
t z=0 =20 =40 =60 2x=80 x=90
5 0.0000 0.0001 0.0008 0.0064 0.0360 0.0733
10 0.0008 0.0014 0.0053 0.0237 0.0885 0.1537
15 0.0038 0.0050 0.0124 0.0419 0.1311 0.2132
20 0.0093 0.0112 0.0217 0.0600 0.1669 0.2606




Chapter 4

Mathematical simulation of groundwater quality
assessment models with total chloride

transformation effects

The contaminated water have so much effect, it can cause many life diseases
and problems. Nitrates or nitrites in water contaminates drinking water can impacts
human health by decreasing blood cell ability to carry oxygen, that can be linked to
blue baby syndrome [2], this is some effect of contaminated water. In this research
we talking about the effect chloride and their substance.

Chloride occur naturally in groundwater but is found in greater concentrations
where seawater. It generally combines with sodium, calcium, or magnesium, for ex-
ample, sodium chloride (NaCl) is formed when chloride and sodium combine.

The other forms of chloride do not come from the only combination of other
substances, the oxidation numbers or oxidation states is the well-know process to
obtained a new form of chemical compound, for example, Chloride can be changes

to hypochlorite (ClO) if the oxidation number increase by 1 or chlorite if added by 3.

Figure 4.1: The other form of chloride in any state

They are substances used by the body to help it work well. Although chlorides
are harmless at low levels, well water high in sodium chloride can damage plants if
used for gardening or irrigation, and give drinking water an unpleasant taste. Sodium
chloride is high corrosivity will also damage plumbing, appliances, and water heaters,
causing toxic metals to leach into your water. It can complicate existing heart problems

and contribute to high blood pressure when ingested in excess [1].

Figure 4.2: Chloride compound damage to health
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There are many dangers of chloride, but we can prevent amounts of them,
from exceeding standards by management based on mathematical models. This is
the method to measure chloride dispersion on total chloride transformation effects
models. First, to apply the groundwater head, we used a hydraulic head model,
followed by a groundwater velocity model based on vector in the z- and z-directions.
Next, the model was used to define chloride, hypochlorite, chlorite, chlorate and

perchlorate for the allocation of groundwater contamination.

4.1 Chloride Compound Dispersion Models

Leachate water infiltrates into the ground, it penetrates soil pores and becomes
groundwater. Chloride is an important water contaminant. An advection-diffusion
model provides a continuous description of groundwater pollutant transport. The
models are used to describe amount of toxic substances in groundwater on a two-

dimensional latitudinally averaged groundwater pollution dispersion model.

4.1.1 A total chloride dispersion model

The pollutant concentration measurement of total chloride in surface water

can be describe by a two-dimensional advection-diffusion reaction equation.

de e e d?%¢ 0%c
5t T igs T, = Degm tDiga t Q- Re @.1)

for all (z,z,t) € Q such that © = [0, L.] x [0, L,] x [0, 7], where c¢(x, z,t) is total chloride
pollutant concentration of groundwater(kg/m?3), D,., D, are the diffusion coefficient in
x- and z-directions, u(z, z,t), v(z, z,t) are the groundwater flow velocity in the z- and
z-directions, R is transformed chloride rate and @ is groundwater pollutant source or

sink function by contaminators.

4.1.1.1  Initial condition of the total chloride dispersion model

The chloride dispersion is described with conditions in the following sections,
where the potential groundwater pollutant concentration in the consider area is de-
scribed by

c(z,2,0) = co(x,z) for all (z,2) € Q (4.2)

where ¢y(z, z) is a averaged potential total chloride concentration in the considered

area.

4.1.1.2  Boundary condition of total chloride dispersion model

The top boundary condition in some length are assumed by the function of
measured raw data at the considered landfill. The top, left, right and bottom boundary

conditions are assumed by the averaged rates of change of pollutant concentration
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around the left, right and bottom boundaries. The boundary conditions are also as-

sumed by
¢(L.,x,t) = gn,for all z € [k1 Ly, ko Ly, (4.3)
%f’t) =g, forall z € [0,L.] and ¢ € [0,T7, (4.4)
W =gp,forall 2 € [0,k L) U (ko Ly, Ly] and t € [0, 7], (4.5)
W = gg, forall z € [0, L,]Jand ¢ € [0, 7], (4.6)
w =gg, forall z € [0, L,]Jand t € [0, T7, 4.7)

where ki L., koL, are referred to the range area of the total chloride pollutant area
source, and g1, g7, gr and gp are the rate of change of the total chloride concentration
with respect distance around the top, the bottom and the right boundaries along the

considered area, respectively.

4.1.2 A hypochlorite dispersion model

The total chloride transformed to be the hypochlorite. The hypochlorite dis-
persion model is described by

op 00  0¢ _ . 0% ¢
5 T, tva- = Dlasg 4+ D1os 4+ Q + RiRe, (4.8)

for all (z,2,t) € Q such that Q = [0, L,] x [0, L.] x [0,T], where ¢(z, z,t) is hypochlorite
pollutant concentration of groundwater(kg/m?), D1,, D1, are the diffusion coefficient
in z- and z-directions, u(z, 2,t), v(z, 2,t) are the groundwater flow velocity in the a-
and z-directions, R; is transformed hypochlorite rate and @ is groundwater pollutant

source or sink function by contaminators.

4.1.2.1  Initial condition of hypochlorite dispersion model

Dispersion of hypochlorite with following conditions, if the potential hypochlo-

rite concentration in the consider area is described by
(z,2,0) = fo(z,2) for all (z,2) € Q (4.9)

where f,(z,2) is a averaged potential hypochlorite concentration in the considered

area.
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4.1.2.2  Boundary condition of hypochlorite dispersion model

The rate of change of the pollutant concentration along the domain bound-

aries are assumed to be:

09(0, z,t)

o glp,forall z € [0,L.] and t € [0,T], (4.10)
W = glr,forall z € [0, L,] and ¢ € [0,T7, 4.11)
W =glg,forall z € [0,L,] and t € [0, 77, (a.12)

% =glp,forall z € [0, L,] and t € [0, T], (4.13)

where ¢1.,917,91r and glp are the rate of change of the hypochlorite concentration
with respect distance around the top, the bottom and the right boundaries along the

considered area, respectively.

4.1.3 A chlorite dispersion model

The model of chlorite dispersion model can be described by

2 2
O 4 0 O py 9y 00

ot ox 0z ox2 022 +Q + Ry Re, (4.14)

for all (x,2,t) € Q such that @ = [0,L,] x [0,L.] x [0,T], where n(z,z,t) is chlorite
pollutant concentration of groundwater(kg/m?), D2,, D2, are the diffusion coefficient
in z- and z-directions, u(z, z,t), v(z, 2, t) are the groundwater flow velocity in the z- and
z-directions, Rs is transformed chlorite rate and @ is groundwater pollutant source or
sink function by contaminators.

4.1.3.1  Initial condition of chlorite dispersion model

Dispersion of chlorite with following conditions, if the potential chlorite con-

centration in the consider area is described by
n(z,z,0) = fy(z,2) forall (z,z) € 2 (4.15)

where f,(z,z) is a averaged potential chlorite concentration in the considered area.

4.1.3.2  Boundary condition of chlorite dispersion model

Similarly, the rate of change are assumed by ¢2;, ¢27, g2z and ¢25.

4.1.4 A chlorate dispersion model

The model of chlorate dispersion model can be described by

Oo Oo Oo 90 020
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for all (z,z,t) € Q such that Q = [0,L,] x [0,L.] x [0,T], where o(z, z,t) is chlorate
pollutant concentration of groundwater(kg/m?), D3,, D3, are the diffusion coefficient
in z- and z-directions, u(z, z,t), v(z, 2, t) are the groundwater flow velocity in the z- and
z-directions, Rj is transformed chlorate rate and @ is groundwater pollutant source or
sink function by contaminators.

4.1.4.1 Initial condition of chlorate dispersion model

Dispersion of chlorate with following conditions, if the potential chlorate con-

centration in the consider area is described by
o(x,2,0) = f,(z,2) forall (z,2) € Q (4.17)

where f,(z,z) is a averaged potential chlorate concentration in the considered area.

4.1.4.2  Boundary condition of chlorate dispersion model

Similarly, the rate of change are assumed by ¢31, g3r, g3z and ¢35.

4.1.5 A perchlorate dispersion model

The model of perchlorate dispersion model can be described by

o oc o 0%¢ ¢

for all (z,z,t) € Q such that Q = [0, L,] x [0, L,] x [0,T], where &(z, 2,t) is perchlorate
pollutant concentration of groundwater(kg/m?), D4,, D4, are the diffusion coefficient
in z- and z-directions, u(z, z,t), v(z, 2, t) are the groundwater flow velocity in the 2- and
z-directions, R4 is transformed perchlorate rate and @ is groundwater pollutant source
or sink function by contaminators.

4.1.5.1 Initial condition of perchlorate dispersion model

Dispersion of perchlorate with following conditions, if the potential perchlorate

concentration in the consider area is described by
&(z,2,0) = fe(z,z) forall (z,2) € (4.19)
where f¢(z, z) is a averaged potential perchlorate concentration in the considered area.

4.1.5.2  Boundary condition of perchlorate dispersion model

Similarly, the rate of change are assumed by g4;, g4r, g4r and g4p.
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4.2 Numerical simulations of total chloride dispersion model

A two-dimension hydraulic head model provides hydraulic head. Then the
calculated results of the model will be input into A two-dimension groundwater ve-
locity model which provides groundwater flow velocity. Next, input the velocity into
nitrogen dispersion models that provide chloride, hypochlorite, chlorite chlorate and
perchlorate concentration.

4.2.1 Simulation 6: Chloride dispersion

The application of chloride dispersion models defined grid space Az = 10 and
Az = 10 time At = 1 increments in area 1 x 0.5. The first model, considering the
hydraulic conductivity in homogeneous aquifer K, = K, = 15, the specific storage
coefficient S = 1, source function W = 0. The initial » = 0 and boundary conditions
hr = 0.06z+10, hy =0, hg = 0 and hp = 0. It mean that water flow on left on domain.
Consider the hydraulic head of groundwater by using the explicit method approximate

solution as shown in Figure 4.3 - 4.4.

Hydraulic Head of groundwater

Hydraulic Head {metre)

X-axis 1000 0O Z-axls

Figure 4.3: Hydraulic head of the considered area for 10 year

Figure 4.4: Hydraulic head of the considered area for 10 year
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Next, input groundwater to approximate chloride dispersion, Organic material
transformed into hypochlorite, chlorite, chlorate and lastly into perchlorate by using
FTCS, considering diffusion coefficient of chloride D, = D, = 1.5 and source function
of pollutant through specified @ = 0. At the beginning of the time, we assuming that
the amount of chloride in considered area are equal to zero, i.e., ¢y = 0 and boundary

conditions g, = gr = gr = gp = 0. The approximate solution as shown in Table 4.1
Figure 4.5-4.6

Table 4.1: The approximated chloride where z = 50 m.

ez, z,t)

~

=0 z=20 =40 2=60 x=80 x=90
0.0000 0.0000 0.0001 0.0013 0.0123 0.0305
0.0000 0.0001 0.0008 0.0060 0.0326 0.0657
0.0002 0.0005 0.0026 0.0061 0.0285 0.0561
10 0.0012 0.0020 0.0070 0.0271 0.0909 0.1516

~N U1 W

Figure 4.5: Surface plot of chloride concentration for 10 years

Figure 4.6: Contour plot of chloride concentration for 10 years
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We set the initial and boundary conditions as the same with previous model,
considering diffusion coefficient of hypochlorite D1, = D1, = 2.0 and rate of hypochlo-
rite dispersion R, = 0.25. The approximate solution as shown in Table 4.2 and Figure
4.7-4.8.

Table 4.2: The approximated hypochlorite where z = 50 m.

¢, 2, 1)
z=0 z=20 =40 2=60 x=80 x=90
0.0000 0.0000 0.0001 0.0006 0.0032 0.0064
0.0001 0.0002 0.0006 0.0025 0.0089 0.0154
0.0005 0.0008 0.0020 0.0060 0.0172 0.0273
10 0.0027 0.0034 0.0093 0.0219 0.0485 0.0687

~N U1 W

Figure 4.7: Surface plot of hypochlorite concentration for 10 years

Figure 4.8: Contour plot of hypochlorite concentration for 10 years
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We set the initial and boundary conditions as the same with previous model,
considering diffusion coefficient of chlorite D2, = D2, = 0.5 and rate of chlorite dis-

persion Ry, = 0.01. The approximate solution as shown in Table 4.3 Figure 4.9-4.10.

Table 4.3: The approximated chlorite where z = 50 m.

n(z,z,t)
z=0 x=20 =40 z=60 2=80 z2=90
0.0000 0.0000 0.0000 0.0000 0.0001 0.0003
0.0000 0.0000 0.0000 0.0001 0.0004 0.0006
0.0000 0.0000 0.0001 0.0002 0.0007 0.0011
10 0.0001 0.0001 0.0002 0.0006 0.0013 0.0019

~N U1 W |

Figure 4.9: Surface plot of chlorite concentration for 10 years

Figure 4.10: Contour plot of chlorite concentration for 10 years
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We set the initial and boundary conditions as the same with previous model,
considering diffusion coefficient of chlorate D3, = D3, = 2.5 and rate of chlorate
dispersion R; = 0.4. The approximate solution as shown in Table 4.4 and Figure 4.11-
4.12.

Table 4.4: The approximated chlorate where z = 50 m.

o(x,z,t)

z=0 x=20 =40 z=60 2=80 x=90
0.0000 0.0000 0.0000 0.0000 0.0004 0.0011
0.0000 0.0000 0.0001 0.0003 0.0017 0.0039
0.0001 0.0001 0.0004 0.0019 0.0087 0.0171
10 0.0004 0.0004 0.0007 0.0025 0.0097 0.0184

~N U1 W<

Figure 4.11: Surface plot of chlorate concentration for 10 years

Figure 4.12: Contour plot of chlorate concentration for 10 years
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We set the initial and boundary conditions as the same with previous model,
considering diffusion coefficient of perchlorate D4, = D4, =1 and rate of perchlorate
dispersion Ry = 0.005. The approximate solution as shown in Table 4.4 and Figure
4.13-4.14.

Table 4.5: The approximated chlorate where z = 50 m.

&z, 2,t)
T = r=20 =40 z=60 2z=80 =zx=90
0.0000 0.0000 0.0000 0.0000 0.0002 0.0003
0.0000 0.0000 0.0000 0.0001 0.0003 0.0004
0.0000 0.0000 0.0001 0.0002 0.0005 0.0007
10 0.0001 0.0002 0.0003 0.0005 0.0009 0.0013

~N U1 W <+

Figure 4.13: Surface plot of perchlorate concentration for 10 years

Figure 4.14: Contour plot of perchlorate concentration for 10 years



Figure 4.15: Comparison of chloride compound levels along 2 years

Figure 4.16: Comparison of chloride compound levels along 4 years

Figure 4.17: Comparison of chloride compound levels along 6 years

41
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Figure 4.18: Comparison of chloride compound levels along 8 years

Figure 4.19: Comparison of chloride compound levels along 10 years with CO = total chloride,

C1 = hypochloride, C2 = chlorite, C3 = chlorate, C4 = perchlorate.
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Discussion and Conclusion

5.1 Discussion

The hydraulic head can drive the groundwater flow from the higher hydraulic
head level zone to the lower zone, as shown in Tables 3.2-3.4, 3.6-3.8, 3.10-3.12, 3.14-
3.16 and 3.18-3.20 . The direction of groundwater is illustrated by their velocity field,
as shown in Figure 3.2-3.3, 3.5-3.6, 3.8-3.9, 3.11-3.12 and 3.14-3.15.

5.1.1 In simulation 1 : leachate pollutant release rate with low hydraulic head
level

A case of low leachate pollutant release rate from a landfill with a low-level

hydraulic head is considered.

5.1.2 In Simulation 2 : Low leachate pollutant releasing rate with a high
hydraulic head level.

The level of the hydraulic head is increased fourfold, the overall groundwater

quality becomes close to the last case.

5.1.3 In Simulation 3 : Medium leachate pollutant releasing rate with a high

hydraulic head level.

In this case, the level of leachate pollutant are increasing, the overall ground-
water quality becomes as poor as the pollutant concentration at the considered land-
fill

5.1.4 In Simulation 4 : High leachate pollutant releasing rate with a high
hydraulic head level.
If the leachate releasing rate is poor or there is a high pollutant concentration,

the overall groundwater quality becomes poor as well.

5.1.5 In Simulation 5 : Practical leachate pollutant releasing rate with a high
hydraulic head level.

A case of practical leachate pollutant releasing rate is also tested by using

numerical data interpolation f..(z).
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5.1.6 In simulation 6 : Chloride dispersion

In this simulation. we assuming that the hydraulic head drive the groundwa-
ter flow from the higher hydraulic head level zone to the lower zone, the result of
simulation for 10 years have shown in Table 3.18 and Figure 4.3. The figures shown
that the hydraulic head at the surface area have higher than the deep area. The hy-
draulic head is transformed to be the groundwater flow direction as shown in Figure
4.4. The direction have shown that groundwater flow from high to lower hydraulic
head. The result be plug into the five chloride compound dispersion models. We can
measure the total chloride, hypochloride, chlorite, chlorate and perchlorate pollutant
levels at 10 years as shown Table 4.1-4.5 and Figure 4.5-4.13. The figure shown that
the amount of groundwater changes directly,over time and the substance is less than
reactant. The approximated chloride compound is compared in Figure 4.15-4.19, we
can see that the simulation for 2 to 4 years tell us the trend of graph are the same
and a little bit increasing, after that, for 4 to 6 years, they are slightly increase. Finally,

in 6 to 10 years we obtained that the graph are stable.

5.2 Conclusion

First, three two-dimensional models of long-term contaminated groundwater
pollutant measurement around a landfill are introduced. The first model is the two-
dimensional transient groundwater flow model, which provides the hydraulic head.
The second model is the groundwater flow velocity model, which provides the ground-
water flow velocity in the x- and z-directions. The third model is the two-dimensional
horizontal averaged contaminated groundwater dispersion model, which provides the
groundwater pollutant concentration. All of these models can be solved by using the
forward time centered space.

Second, a method to set up the initial and boundary conditions of the pro-
posed transient groundwater flow model is proposed. The computed hydraulic head
is transformed to be the groundwater flow velocity by using the second model. The
results from the second model will be inputted into the third model as field data. The
groundwater pollutant concentration is obtained by the third model. The hydraulic
head of the first model is approximated by an explicit finite difference method. An
explicit finite difference technique is used to obtain the groundwater flow velocity of
the second model. A forward time centered space finite difference technique is used
to approximate the groundwater pollutant concentration. A long term groundwater
quality around the landfill for 5, 10, 15, and 20 years are simulated. The groundwater
quality is affected by the contaminated leachate pollutant release by the landfill. The
proposed simulations show that the different levels of hydraulic head have a small

effect on the overall groundwater quality level. Our proposed simulations found that
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the main groundwater quality factor is the leachate pollutant concentration around
the landfill.

Third, the groundwater pollution due to a landfill around a considered area is
focused. The chloride compound dispersion model groundwater pollutant concen-
tration such as that provides the total chloride concentration, the hypochlorite con-
centration, the chlorite concentration, the chlorate concentration and the perchlorate
concentration. A finite different techniques are used to approximate the models. The
groundwater flow model is approximated by forward time centered space finite dif-
ference technique. The groundwater flow velocity model is approximated by forward
space technique, and the last model, groundwater pollution dispersion model is ap-
proximated by forward time centered space finite difference technique.

The groundwater quality is affected by the chloride release by the landfill. The
simulations show that the different levels of hydraulic head have a small effect on the
overall groundwater quality level. In our simulation found that the main groundwater
quality factor are pollutant concentration level around the landfill and transform rate.

Furthermore, if a landfill project is proposed in a certain location, the environ-
mental impact assessment should be included in the future simulated groundwater

quality evaluation.
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