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Abstract. Nutrient pollution is one of most harmful environmental problems, and is
caused by surplus nitrogen in water. This nitrogen concentration occurring in water can
take several forms, such as organic nitrogen, ammonia, nitrite, nitrate, and dissolved
nitrogen gas. Pollution levels can be measured via data collection; however, this is a
rather difficult and complex process, and the results obtained widely deviate in term of
measurement. A mathematical model can be used in complicated water-quality mea-
surement. The advection-dispersion-reaction model provides a pollutant concentration
field. In this research, there are five numerical models for nitrogen pollutant concentra-
tion measurement in a stream proposed: a total nitrogen dispersion model, an organic
nitrogen dispersion model, an ammonia dispersion model, a nitrite dispersion model,
and a nitrate dispersion model. The traditional Forward Time Central Space finite
difference technique and the unconditionally explicit Saulyev technique are employed
to obtain five approximated types of organic and inorganic nitrogen pollutant concen-
trations in each time and place. This paper proposes five forms of nitrogen pollutant
measurement model for the unconditionally stable Saulyev method, so as to make it
more accurate without incurring any significant loss of computational efficiency. The
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five approximated forms of pollutant concentrations obtained indicate that all models
improve the nutrient pollution measurement process.

Keywords: numerical simulations, nitrogen compound, Saulyev technique.

1. Introduction

Water is a main factor in the survival of life on Earth. Water pollution is
a global problem caused by global population growth and economic growth.
It is an important problem affecting society and the environment. The main
causes of this problem are human settlements, industries, and agriculture. One
of the leading water pollution causes is nutrient pollution. Nutrients, such as
nitrogen and phosphorus, are chemicals that flow into natural water, such as
rivers, lakes, and coastal oceans, coming from either point or nonpoint sources.
Nutrients are necessary for aquatic and coastal ecosystems such as plant growth.
Major sources of nutrients are transportation, industry, urban activity, fertilizer,
animal wastes, plant debris, and nitrogen transported from excess or effluent
communities in soil to water sources [1].

Nitrogen is one of the essential contaminants of water. Nitrogen concen-
trations occurring in natural waters can be modified into a variety of organic
and inorganic forms, five being organic nitrogen, ammonia, nitrite, nitrate, and
dissolved nitrogen gas [2]. Due to dissolved nitrogen gas having no biological
effect, this is ignored. Excess nitrogen in the water can occur in pollution in
general, such as low oxygen concentrations in natural waters caused by nitrogen
compound oxidation, or toxic substances found in aquatic animals and affecting
human health. Nitrogen is seen as one of the key nutrients for eutrophication,
public health matters, and aquatic and the other problems.

Mathematical models are widely used in explaining environmental processes
such as chemical, biology, physical, and other processes; parabolic equations
can be reasonably explained in mathematical models [3]. The advection and
diffusion equation is a form of PDE parabolic equation which plays an impor-
tant role in describing transport processes and has that obtained popularity in
solving various problems, including environmental problems such as water qual-
ity measurement [4], [5], and [6], air quality measurement, and others. For the
measurement of water quality, many researches have used these equations to
measure concentrations occurring in natural water sources, such as rivers, and
to compare computed values with real values; their compared yields are similar
[5] and [6]. The finite difference method is one of the most efficient methods of
problem solving in advection and diffusion equations, etc. They can be classified
into two forms: explicit and implicit schemes [3]. Explicit schemes are simple to
calculate, and have been used to present stability and accuracy properties. In
[4], a water quality assessment of a non-uniform flow stream was conducted by
using the Crank-Nicolson method, and the explicit finite difference schemes were
proposed respectively. The forward Time Central Space (FTCS) and Saulyev
schemes were used to determine water quality concentration. In [7], they were
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implemented to measure air pollutant concentrations in an area under a sky
train; three dimensional advection and diffusion equations were solved by using
the explicit FTCS method, such that this method was used in two cases of wind
inflow as the z direction and the x—y directions. [8], described the measurement
of water pollutant concentration control in a connected-pond reservoir that were
connected two ponds using a hydrodynamic model and a steady-state pollutant
dispersion model through a three different finite difference scheme as backward,
forward, and central-in-space, with a steady-state pollutant dispersion model
that formed a steady-state advection-diffusion equation, which was then used
to perform water pollutant concentration level control and cost optimization.

Thus, the simple finite different methods are represented here as simple
explicit schemes in the forms of the FTCS scheme and the Saulyev scheme
[4]. Both schemes are used in calculating mathematical model as water quality
models. When compared, two comparisons have shown that the Saulyev scheme
is more efficient [4].

For implementation, we analyze nitrogen pollutant models from the advection-
dispersion-reaction equation to estimate pollutant concentrations in terms of
total nitrogen, organic nitrogen, ammonia, nitrite, and nitrate concentrations.
We take two numerical methods, the FTCS and the Saulyev methods, to com-
pare with the analytical solution that forms the governing equation. We com-
pute nitrogen pollutant models with two numerical methods to compare efficient
solvability. We solve previous models with the Saulyev method by comparing
different right boundary conditions.

2. Dispersion models
2.1 Advectiondiffusionreaction equation

In a stream water pollutant concentration measurement model, the governing
equation is a one-dimensional advection-diffusion-reaction equation. A simpli-
fied representation, averaging the equation over the depths, as shown in [6],
is

oc  oC Da20
T Yo TV T

with the initial condition :

(2.1) f(C), 0<z<LO0<t<T,

(2.2) C(z,0)=k(zx), 0<z<L,
and the boundary conditions :

C,8)=g(t), 0<t<T,

(2.3) C(,t)=h(t), 0<t<T,

where C (x,t) is the concentration at the point x and at time ¢, D is the diffusion
coefficient of nitrogen pollution, u is the velocity component, f (C') is reaction
to a sink or source terms, and k (z), g (t) and h (t) are given.
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2.2 Nitrogen dispersion models

We consider the nitrogen pollutant concentration models in surface water by
using a modified model for approximate concentrations of some nitrogen pollu-
tants: the general nitrogen forms, total nitrogen, organic nitrogen, ammonia,
nitrite, and nitrate which play roles in nitrogen processes are described by the
general knowledge of nitrogen [1] and [10].

(2.4) ON ammonification, \py - mitrification njy - mitrification, Ny

Nitrogen from wastewater is discharged from many sources, such as hu-
man, animal, industry, agriculture, and other sources. General discharged raw
wastewater contains around 40—45 % organic nitrogen; and about 55—60% am-
monia, with the sum of nitrates and nitrites making up about 0—5% of the total
nitrogen [12].

Therefore, different nitrogen pollutant concentrations are analyzed under re-
action terms using five different nitrogen dispersion models, which were estab-
lished by (2.1), and associated with (2.2) and (2.3). We consider these models
to approximate nitrogen pollutant concentration behaviors that occur in natu-
ral water sources to be total nitrogen, organic nitrogen, ammonia, nitrite, and
nitrate. These models are described by the different dispersion models, such
as the total nitrogen concentration model, the organic nitrogen concentration
model, the ammonia concentration model, the nitrite concentration model, and
the nitrate concentration model.

2.2.1 Total nitrogen dispersion model

The total nitrogen (TN) pollutant concentration measurement in a stream is
described by the one-dimensional advection-diffusion-reaction equation.

oCh oCh 9*C4
2. = — D — <r<l1 <1
(2.5) T u8x+ 153 Ri(Ch)+Q, 0<x<1,0<t<1,
the initial condition
(2.6) Ci(x,0) =k (x), 0<z<1,

and the boundary conditions :
Ci(0,t)=g1(t), 0<t<1,

(2.7) Ci(Lt)y=h1(t), 0<t<l,

where u is water flow velocity, Cy(z,t) is the total nitrogen concentration at
the point x and time ¢, D is the total nitrogen diffusion coefficient, R; is the
reaction rate due to the degradation, @ is the inlet total nitrogen concentration
due to sources, k() is the potential total nitrogen concentration function along
the stream, g;(¢) is the total nitrogen concentration function at the discharge
point, and hj(t) is the rate of change of the total nitrogen concentration with
respect to distance at the end of the stream.
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2.2.2 Organic nitrogen dispersion model

Most organic nitrogen (ON) pollutants are dissolved in living and nonliving
forms from domestic wastes such as urea, uric acid, polypeptides and amino
acids [11]. This model describes the organic nitrogen pollutant concentration
behavior where the performance measurement concentration occurs under re-
action term by the degradation of the organic nitrogen concentration in water,
with consideration of the total nitrogen concentration.

The organic nitrogen (ON) pollutant concentration measurement in a stream
is described by the one-dimensional advection-diffusion-reaction equation.

0Cs 0Cs 020y

28 =gy TP

+R2(R101), 0<z<1,0<t<,

the initial condition
(2.9) Co(2,0) =ka (), 0<z<1,

and the boundary conditions :

8027(0’75):92@)7 0<t§1,
(2.10) 5 Ca(tl )
#:m(t), 0<t<1,

where u is water flow velocity, Cy(z,t) is the organic nitrogen concentration at
the point x and time ¢, Ds is the organic nitrogen diffusion coefficient, Ry is the
reaction rate due to the degradation, ky(z) is the potential organic nitrogen con-
centration function along the stream, gs(t) is the organic nitrogen concentration
function at the discharge point, and hg(t) is the rate of change of the organic
nitrogen concentration with respect to distance at the end of the stream.

2.2.3 Ammonia dispersion model

Ammonia (NH3) occurs in organic nitrogen by the ammonification process,
which gives ammonia (NH3) and ammonium (NH]). The mass of ammonia
(NH;3) and ammonium (NH}) are considered in terms of pH and temperature.
Ammonia (NHj3) is toxic to aquatic life, whereas ammonium (NHZ), supports
algae and aquatic plant growth. However, ammonia and ammonium are similar
[11]. This model describes ammonia pollutant concentration behavior where
the performance measurement concentration occurs under reaction term by the
degradation of the ammonia pollutant concentration in water, with considera-
tion of the total nitrogen concentration.

The ammonia (NH3) pollutant concentration measurement in a stream is
described by the one-dimensional advection-diffusion-reaction equation.

2
(2.11) 9Cs _ %erga Cs

ot g Sz TH(RiCh), 0<z<l0<t<l
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the initial condition
(2.12) Cs(z,0) =k3(z), 0<z<1,

and the boundary conditions :

8037(0,&:%(75)’ 0<t<l,
(2.13) 5 ca(t1 )
#Zhg(t), 0<t<1,

where u is water flow velocity, Cs(x, t) is the ammonia concentration at the point
r and time ¢, D3 is the ammonia diffusion coeflicient, R3 is the reaction rate
due to the degradation, k3(z) is the potential ammonia concentration function
along the stream, g3(t) is the ammonia concentration function at the discharge
point, and hg(t) is the rate of change of the ammonia concentration with respect
to distance at the end of the stream.

2.2.4 Nitrite dispersion model

The nitrite (NOz) pollutant is oxidized by the nitrification process, such as
to convert ammonia to nitrite. Nitrite is toxic to infants when at excessive
levels [11]. This model describes nitrite pollutant concentration behavior where
the performance measurement concentration occurs under reaction term by the
degradation of the nitrite pollutant concentration in water, with consideration
of the total nitrogen concentration.

The nitrite (NOg) pollutant concentration measurement in a stream is de-
scribed by the one-dimensional advection-diffusion-reaction equation.

0Cy 0Cy 0%C,

o1q) (dr_ 9¢ .,
(2.14) = ug, t Dy

the initial condition

+R4(R101), 0§:L‘§1,0<t§1,

(2.15) Cy(x,0) =ks(x), 0<z<1,
and the boundary conditions :

0Cy (0,1)

=g (t), 0<t<l,
(2.16) aca(t1 )
#:m(t), 0<t<l,

where u is water flow velocity, Cy(x,t) is the nitrite concentration at the point
x and time ¢, Dy is the nitrite diffusion coefficient, R, is the reaction rate due to
the degradation, k4(z) is the potential nitrite concentration function along the
stream, g4(t) is the nitrite concentration function at the discharge point, and
hy(t) is the rate of change of the nitrite concentration with respect to distance
at the end of the stream.
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2.2.5 Nitrate dispersion model

The nitrate (NOgz) pollutant is transformed from nitrite by the nitrification pro-
cess and can convert to nitrite [11], which is toxic and hazardous to infants. This
model describes nitrate pollutant concentration behavior where the performance
measurement concentration occurs under reaction term by the degradation of
the nitrate pollutant concentration in water, with consideration of the total
nitrogen concentration.

The nitrate (NOgs) pollutant concentration measurement in a stream is de-
scribed by the one-dimensional advection-diffusion-reaction equation.

2
(2.17) 9% _ 9% | p, 95

ot or W+R5(RICI)7 0<z<1,0<t<1,

the initial condition
(2.18) Cs(2,0) =ks(x), 0<az<1,

and the boundary conditions :

M:gg,(t), 0<t<1,
(2.19) aoa(a )
%Zhg)(t), 0<t<1,

where u is water flow velocity, C5(x,t) is the nitrate concentration at the point
x and time ¢, Ds is the nitrate diffusion coefficient, Rj5 is the reaction rate due to
the degradation, ks(x) is the potential nitrate concentration function along the
stream, g¢5(¢) is the nitrate concentration function at the discharge point, and
hs(t) is the rate of change of the nitrate concentration with respect to distance
at the end of the stream.

3. Numerical techniques for nitrogen dispersion models

This section presents the two numerical schemes of finite difference methods,
the FTCS scheme and the Saulyev scheme, which are explicit schemes.

We can solve C(z;,t,) or C at grid point (z;,t,) where 0 < i < M and
0 < n < N such that 7 and n are positive integers. Each node of z; and ¢, is
separated by an equal grid on the z-range and t-range as the column of space and
time, respectively, where x; = iAz,i=0,1,2,.... M, t, =nAt,n=0,1,2,.... N
and the values of Az > 0 and At > 0 are the grid of space and time increments,
respectively [4].
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3.1 Forward Time Central Space technique applied to five forms of
nitrogen measurement model

The FTCS scheme can be written as the discretization of time and space deriva-
tive term as follows [4]

oc _crtt_cr

ot At
no_ (" +1
(3.1) oc _ Yt iy 7
ox 2Ax
and 9°C _ Cly — 207 + ot
0z (Az)?

Substituting (3.1) into nitrogen dispersion models (the total nitrogen, or-
ganic nitrogen, ammonia, nitrite, and nitrate measurement models) results in
(2.5), (2.8), (2.11), (2.14), and (2.17), respectively.

Moreover, the FTCS has numerical stability that depends on the condition
of the diffusion number (\) and the advection number () , as follows

\_ DAt _1
- (Ax)2 T2’
(3.2) ;
nd n_ At <1
a. 72 ALE °

These values depend on choosing a suitable grid time increment, as At is
not of much high width.

3.1.1 Forward Time Central Space technique for the total nitrogen
dispersion model

Taking (3.1) into (2.5), we obtain the discretization of total nitrogen dispersion
model as

(COT =) _ <<01>?+1 - <01>?_1)
(3.3) At ¢ 2Azx
LD ((Cl)i—i-l - 2((5;)); + (Cl>i—1) _RUCT + Q.

Rearranging (3.3) leads to (3.4) for the FTCS solution, represented as
1
(€t = (o0 4 2) OO+ (1= Bade =2 ()

(3.4 + (A= 30r) @+ o

DAt n _ upAt
Aoz and ' = -

where \ =
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Substituting (3.1) into (2.7) and rearranging on the right-bound of the
boundary condition, which is the derivative equation, we get (3.5).
The left boundary condition; ¢ = 0,

C1(0,t) =1 = g1(t),
and the right boundary condition; ¢ = M,
(3:5) OC (M, 1) _ (C1)iya — (C1)fy
Ox Az
(CON1 = 2m () Az + (C1)jr—1-
Substituting (3.5) into (3.4) leads to (3.6) of the right side equation, given

— hl(t)7

as
1
(O =2+ 2 (A 1ot
(3.6) + (1= RiAt—20)(C1)l, + QAL

3.1.2 Forward Time Central Space technique for the organic
nitrogen dispersion model

Likewise, substituting (3.1) into (2.8) leads to (3.7), written as

(Co)i*t = (Co)f _ o ((Co)i — (C)iy
(3.7) At - 2Ax

+ Dy <(02)Z+1 ((AC;) + (G 1) + RaR1(Ch)}

Rearranging (3.7) leads to (3.8) for the FTCS solution, represented as

(€ = (o042 (€t + (1= 20t

1
(33 + (A= 501 @+ Rt
n ul A
where A = (gﬁ)tz and 7' = Al,t.

Substituting (3.1) into (2.10) and rearranging on the left and right-bound
of the boundary condition of this model which are the derivative equations, we
get (3.9).

The left boundary condition; i = 0,

5'028(57t) :(02)12A;C2)_1 — (),
(C2)") =(C2)T — 292(t) A,

and the right boundary condition; ¢ = M,

OCy(M,t)  (C2)irq — (C2)y
oz 2Ax
(C2)hr1 =2ha(t) Az + (C2)3y 4

(3.9)

= ha(t),
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Substituting (3.9) into (3.8) leads to the left and right side (3.10) and (3.11),
respectively, given as follows

(T =2\(CR — 20 (Xt 3 ) + (1~ 2 (C}

+ RoRy (Cl)gAt

(3.10)

and
1
(o =2\ (Cl 1+ 20180 (A= 3 ) + (1= 20 (Gl

+ RoRq (Cl)ﬁb/[At

(3.11)

3.1.3 Forward Time Central Space technique for the ammonia
dispersion model

Likewise, substituting (3.1) into (2.11) leads to (3.12), written as
€t —(Cor <<03>?+1 - <03>?_1>
(3.12) 280

At i
Dy ((03)?+1 — 2((AC;,))§ +(Ca)r

Rearranging (3.12) leads to (3.13), represented as

(€t = (o0 40 ) @1+ (L= 20(Cap + (A= 57 ol

) + R3R1(CY)7.

2
(3.13) + R3R1(Cl)?At,
where A = (g?)tz and ' = uif.

The left and right-bounds of the boundary conditions of this model are the
derivative equations. Likewise, we can get (3.14) for the left and right sides, as
below, from substituting (3.1) into (2.13) and rearranging these equations.

The left boundary condition; i = 0,

0C3(0,t) _ (C3)1 — (C5)"4
B = 5A = g3(t),
x x
(C3)21 =(Cs)1 — 2g3(t) A,
and the right boundary condition; ¢ = M,

(3.14) 3035247 t) :(03)?4“2;;03)?41 — hy(t),

(C3) 1 =2h3(t) Az + (C3) 31

Substituting (3.14) into (3.13) which leads to the left and right side, (3.15)
and (3.16), respectively, given as follows

(O =2\(CR — 2m(0A7 (X -+ 38 ) + (1~ 2)(C}

+ R3R1(Ch)g At

(3.15)



562 AREERAT VONGKOK AND NOPPARAT POCHAI

and
1
(o =2\ (Cl 1 + 2z (A= ok ) + (L - 20(Cali

+ R3Rq (Cl)T]\L/[At

(3.16)

3.1.4 Forward Time Central Space technique for the nitrite
dispersion model

Likewise, substituting (3.1) into (2.14) leads to (3.17), written as

(CoP =y ((04)?“ - (04)?1>
317 2 - 28

\ D, ((04)?+1 - 2((5;))5 + (O},

Rearranging (3.17) leads to (3.18), represented as

> + R4Ry (Cl)?.

(= (o0 2) @1+ (- 20 (o)

1
(3.18) + <)\ - 2%”) (Ca)ityq + RaRy (Ch)i At
n ul A
(gﬁ)g and 7' = Axt.
The left and right-bounds of the boundary conditions of this model are the
derivative equations. Likewise, we can get (3.19) for the left and right sides, as

below, from substituting (3.1) into (2.16) and rearranging these equations.
The left boundary condition; ¢ = 0,

0C4(0,t)  (Cy)7 —(Cy)y .
(C1)y =(Cy)T — 294(t) Az,
and the right boundary condition; ¢ = M,

(3.19) 3045247 t) :(04)?4“2;;04)?41 — ha(b),

(Ca)irr1 =2ha(t) Az + (Cy)yyy-

Substituting (3.19) into (3.18) leads to the left and right side, (3.20) and
(3.21), respectively, given as follows

where \ =

(OO =2ACOR — 210 (Xt 8 ) + (1= 20(C5

+ RyR1(Ch)g At

(3.20)

and
1
(C4)X4+1 =2X(Cyq)hy_q1 + 2h4(t)Ax ()\ - 27}@) + (1 =20 (Cy)’y

+ RyRy(Cy), At.

(3.21)
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3.1.5 Forward Time Central Space technique for the nitrate
dispersion model

Likewise, substituting (3.1) into (2.17) leads to (3.22), written as

(Ca)i ™ = (Co)p _ un ((05 it~ )
(3.22) At Z (Cs)r 2M 2C5) + (C5)n
+ Ds < il (A ); > i_1> +R5R1(Cl)?.

Rearranging (3.22) leads to (3.23), represented as

(@ = (04 2) )+ (- 20(Ca)

1
(3.23) + <)\ - 2%”) (Cs)ih1 + Rs Ry (Ch)i At
where \ = (gﬁ)g and 7' = unit.

The left and right-bounds of the boundary conditions of this model are the
derivative equations. Likewise, we can get (3.24) for the left and right sides, as
below, from substituting (3.1) into (2.19) and rearranging these equations.

The left boundary condition; i = 0,

0C5(0,t)  (Cs)} — (Cs)™
0.0 I ZID% _ g,
(C5)"1 =(Cs)T — 2g5(t) A,
and the right boundary condition; ¢ = M,
IC5(M,t) _ (C5)hppr — (Cs)ia
ox N 2Azx
(C5)hr41 =2hs(t) Az + (C5) 1y

(3.24) = hs(t),

Substituting (3.24) into (3.23) leads to the left and right side, (3.25) and
(3.26), respectively, given as follows

(O =2MCo — 205(0A (Xt 3 ) + (1= 2)(C

+ R5R1(01)8At

(3.25)

and

1
(OO =2\ (Cl 1+ 2hs(e (A= 3ok ) + (L - 20(Cal
+ RsRi(Ch)%, A,

(3.26)
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3.2 Unconditionally stable Saulyev technique applied to five forms
of nitrogen dispersion measurement model

Saulyev (1964) introduced asymmetric approximations for the parabolic equa-
tions that are widely used in environmental solving, such as advection and diffu-
sion equations, etc. The solution is given to be an approximation that is explicit
and has unconditional stability [13].

The Saulyev scheme can be written as the discretization of time, and space
derivative term, as per [4]
where let C'(z,t) and v denote C}* and u' then

oc _ctt—cr

ot At
n _ cn+l
(327) % :Cz'+1 lel ’
ox 2Ax
g PO _Ch-or-orton
Ox? (Ax)?

Substituting (3.27) into nitrogen dispersion models (the total nitrogen, or-
ganic nitrogen, ammonia, nitrite, and nitrate measurement models) results in
(2.5), (2.8), (2.11), (2.14), and (2.17), respectively.

3.2.1 Saulyev technique for the total nitrogen dispersion model

Likewise, substituting (3.27) into (2.5) leads to (3.28), written as

()P — (Cy)r . <<Cl>?+1 — (Cﬁ?ff)

At - 27z
(3.28) (C1)Py — (C)P = (CFF + (C)H!
+ Dl ( (AZ’)Q
—Ri(C)}+ Q.

Rearranging (3.28) leads to (3.29), represented as

(Coptt = a Jlr N < <;%n + >\> (COM + (1= A = RiAL)(Ch)}
(3.29)

+ (x _ iw) (COTy + QAt>,

_ DAt n _ upAt
where \ = (Ba)? and ;' = 5.

Substituting (3.27) into (2.7) and rearranging on the right-bound of the
boundary condition, which is the derivative equation, we get (3.30).
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The left boundary condition; ¢ = 0,

C1(0,t) =1,
and the right boundary condition; ¢ = M,
(3.30) 0CG(M. ) _(Cl)igs = (Clllyy _ o
ox 2Ax 1

(C1)hy1 =2h1(t)Az + (C1) -1

Substituting (3.30) into (3.29) leads to (3.31) of the right side equation, given
as

ntl 1
(3 35)01% B DY

()\ — ;%&) + QAt> :

3.2.2 Saulyev technique for the organic nitrogen dispersion model

(2)\(01)7]\7_11 + (1 — A= RlAt)(Cl)g\lJ + 2~y (t)A$

Likewise, substituting (3.27) into (2.8) leads to (3.32), written as

(Y (S ((cwﬂ - <02>?_+f>

At i 2Az
(3.32) (Co)Pq — (Co)P — (Co)P T + (Ca) !
+ Do
(Az)?
+ Ro R4 (C’l)?

Rearranging (3.32) leads to (3.33), represented as

(o = ( (30042 (Cati + (1= (ot
(3.33)

+
1 n n n
+ (/\ 5 ) (Ca)iy + RoRa(Ch); At),

_ DAt n _ upAt
where \ = Bo)? and ' = ——-

Substituting (3.27) into (2.10) and rearranging on the left and right-bound
of the boundary condition of this model, which are the derivative equation, we
get (3.34).
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The left boundary condition; ¢ = 0,

9C5(0,8)  (Co)p — (Co)" !
or 2Am = 92(t),
(Co)y =(Co)T ™ = 292(t) A,
and the right boundary condition; ¢ = M,
OCo(M,t) _(Ca)iyn — (C2) 2,
ox 2Ax
(Co)fpq1 =2h2(t) Az + (Ca)3f .

Substituting (3.34) into (3.33) leads to the left and right side (3.35) and
(3.36), respectively, given as follows

. (Co)g™t = a Jlr N <2)\((3’2)’f+1 + (1= MN)(Ca)§ — 2g2(t) Az
<)\ + ;78) + RgRl(Cl)gAt>

and

- (Cz)ﬁ(jl :(1 Jlr N ((2)\(02)”+1 (1= X)(C2)yy + 2ha(t)Ax

1
()\ — 27}(4) + RoR; (Cﬁ%At) .

3.2.3 Saulyev technique for the ammonia dispersion model

Likewise, substituting (3.27) into (2.11) leads to (3.37), written as

Cr —(CF _ <<Cs>?+1 - <03>?+f>

At v 2Ax
(3.37) (C3)2.q — (C3)F — (C3) T 4 (C5)1H!
+ D3
(Az)?
+ R3R1 (Cl):L

Rearranging (3.37) leads to (3.38), represented as

A)<(;% 0] (Co + (= N (o

4
1 n
< 5 > 03 z+1 + R3sR; (01) At)

1

(03)?+1 (1
(3.38)
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_ DAt n _ ug At
where \ = (Aa)? and ;' = 5.

The left and right-bounds of the boundary conditions of this model are the
derivative equations. Likewise, we can get (3.39) for the left and right sides, as
below, from substituting (3.27) into (2.13) and rearranging these equations.

The left boundary condition; i = 0,

9C3(0,1)  (Cs)f — (Cs)™1?

or 2Ax = 93(t),
(C3)2y =(C3)1™ — 2g3(t) A,
and the right boundary condition; ¢ = M,
dC3(M,t)  (Ca)iyyy — (Ca)ift

ox 2Ax
(Ca)iri1 =2hs(t) Az + (Ca)yf .

Substituting (3.39) into (3.38) which leads to the left and right side (3.40)
and (3.41), respectively, given as follows

5 i;3>8+1 Q i A) <2A(Cs)’f+1 + (1= X)(C)5 — 293(t) Az < At % ,yg>
+ R3Rl(C1)3At>
and
* R3R1(01)K4At> .

3.2.4 Saulyev technique for the nitrite dispersion model

Likewise, substituting (3.27) into (2.14) leads to (3.42), written as

(CoFt = (CoF _ [ (Co = (Ca)iY
At - 2Ax

(3.42) D, ((04)?+1 — (04);1(; 2)024)1%1 + (04)g+11>

+ R4R1(CY)7.



568 AREERAT VONGKOK aND NOPPARAT POCHAI

Rearranging (3.42) which leads to (3.43), represented as

OO =55 ( (300 +) o + @ - newr

4
(3.43)
< — *’}/Z ) 04 z+1 + R4R; (Cl)nAt>

_ DAt n _ upAt
where \ = (Ba)? and ;' = —K -

The left and right-bounds of the boundary conditions of this model are the
derivative equations. Likewise, we can get (3.44) for the left and right sides, as
below, from substituting (3.27) into (2.16) and rearranging these equations.

The left boundary condition; ¢ = 0,

9C4(0,8)  (Co)p — (Ca)"}!
oxr 2Am = 9a(t),
(Co)™y =(Ca)7™ = 2g4(t) A,
and the right boundary condition; ¢ = M,
0Cy(M, 1) :(04)71\1/[“ — (CoY
Ox 2Ax
(Co)fpq1 =2ha(t) Az + (Ca)3f .

(3.44) = hu(t),

Substituting (3.44) into (3.43) leads to the left and right side (3.45) and
(3.46), respectively, given as follows

5 ig)g# T —|1- \) (2>\(04)’f+1 + (L= A)(Ca)g — 294(t) Az <A + ;7@
* R4R1(C1)3At>
and

(O = (A(@)?JH (1= N (C)fs +2ha(D)Ae (A_ bM)

+ R4R1(01)7K4At> .



NUMERICAL SIMULATIONS FOR REACTIVE NITROGEN COMPOUNDS ... 569

3.2.5 Saulyev technique for the nitrate dispersion model

Likewise, substituting (3.27) into (2.17) leads to (3.47), written as

(Co)i = (o) _ o (((Co)ifn = (Co)EY
At ! 2Ax

no_ no_ n+1 n+l
(3.47) +Ds <<c5>z-+1 <c5>z(m<5;5>ﬁ +<05>:1>

+ RsR1(Ch)j.
Rearranging (3.47) leads to (3.48), represented as

(05)?+1 (1 !

A)<(;% ) (GO + (= N

4
(3.48)

1
< 5 > 05 z+1 + R5R1(Cl)nAt)

_ DAt n _ upAt
where \ = Bo)? and ;' = —K -

The left and right-bounds of the boundary conditions of this model are the
derivative equations. Likewise, we can get (3.49) for the left and right sides, as
below, from substituting (3.27) into (2.19) and rearranging these equations.

The left boundary condition; i = 0,

9C5(0,¢)  (Cs)7 — (Cs)™t!
oxr 2Am = 95(t),
(C5)™y =(C5)™ — 2g5(t) Az,
and the right boundary condition; ¢ = M,
0C5(M, ) :(05)71\1/1“ — (Co)hih
ox 2Ax
(C5) 41 =2hs(t) Az + (C5)3 .

Substituting (3.49) into (3.48) leads to the left and right side (3.50) and
(3.51), respectively, given as follows

1
(05)8+1 _

BGESY (2>\(05)?+1 + (L= M)(Cs)5 — 295(t)Ax ()\ + ;%})
(3.50)

+ R5R1(C’1)3At>



570 AREERAT VONGKOK aND NOPPARAT POCHAI

(05)7;/?_1 = ! ( )\(05)n+1 + (1= M) (C5)hy + 2hs(t) Az ()\ — ;y&)

+ Rs (01)7]\L/IAt> .

4. Numerical experiments

In the section, we implement analytical, FTCS, and Saulyev solutions for ap-
proximation in three experiments. The first experiment is an accuracy compar-
ison of the numerical methods with an analytical solution. The second exper-
iment is an efficiency comparison between the FTCS and Saulyev solutions of
the nitrogen dispersion models. The last part is a performance simulation of
the nitrogen dispersion models with the Saulyev method.

4.1 Numerical simulation of an ideal pollutant dispersion
measurement

We compare effective methods between the analytical method and numerical
solutions using the FTCS and Saulyev methods. We consider an analytical
solution to the simplest case of the governing equation with defined initial and
boundary conditions, taken from [9], as an example to compare with the two
numerical solutions.

We perform all three cases by computing (2.1) without the term of reactive
pollutant (f(C) = 0) with the analytical, FTCS, and Saulyev methods. All
three cases are easily solvable where it is assumed that the stream length is 1
km, the performance over the entire time interval is [0,1], the velocity component
(u) is 1 m/s, the diffusion coefficient (D) is 0.01 m? /s, and the grid step size of
space (Az) and time (At) are 0.05 and 0.0025.

The initial and boundary conditions are given to follow (2.2) and (2.3), and
are, respectively [9];

C(z,0) =k(z) = exp (—m> , 0<

0.025 0.5 1)
4.1 C(0,t) =g(t) =
(4.1) 0.5 =) = 5500625 - 0.028 ( ()00125-+()04t)>

0<t<1,
O(1.1) =ht) = 0.025 ( (1.5 — 1) )
/0.000625 + 0.02 P\ (0.00125 + 0.04¢)

0<t<l1.
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Performing (2.1) without the term of reactive pollutant leads to (4.2) for
analytical solution, represented as follows [9]

0.025 (z +0.5 —t)?
C(z,t) = exp | — ,
(4.2) 1/0.000625 + 0.02¢ 0.00125 + 0.04¢

0<z<1,0<t<l.

Conducting (2.1) without the term of reactive pollutant by using the FTCS
scheme from (3.1), we get and rearrange (4.3), which leads to (4.4)

cptt—cr n,—Cr Cry —2Cr +CP
4.3 i i _.n i+1 i—1 i+1 7 i—1
13) = “@( 27z >'+[)( (Az)? !

and

1 1
@t et = (G ea) k-2 + (A= ot )

_ DAt n _ upAt
where \ = Ao)? and ' = —5—

Performing (2.1) without the term of reactive pollutant by using the Saulyev
scheme from (3.27), we get and rearrange (4.5), which leads to (4.6).

c“%4w:_n<zm—@u>+D<@m0?<?“+@%j

45) ——x Y 2Ax (Az)?

and

1 1 1
n+1l _ —An n _ n _ AT n
(4.6) C! _(1+A)<<A+2%>CL4+(1 M01+<A 2%) %H>,

_ DAt n _ upAt
where \ = (Ba)? and ' = ——

Consider that (4.2), (4.4), and (4.6) associate with the initial and boundary
condition from (4.1). We get the approximate values for all three cases as
analytical, FTCS, and Saulyev solutions, respectively.

Hence, these solutions can be shown by graph in order to compare the ac-
curacy assessment of the two numerical methods. Fig. 1 shows the result of
two numerical solutions for comparison with the analytical solution at C(0.5,t),
which describe the approximate values of two numerical solutions near fixed
points of the analytic solution, showing that the numerical solutions are best.

4.2 Numerical simulations of five forms of nitrogen pollutant
concentration measurements

We consider here the experiment for comparing two numerical methods, the
FTCS and Saulyev methods, with the application of nitrogen dispersion models
in section 2.2. It is possible to use numerical methods to solve each case of the
defined grid space (Az) and time (At) increments.
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— Analytic Solution
==FTC5 Solution
= Saulyev Solution

Amalytic Solution

oncentration
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FTCS Solution
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Figure 1: Comparison of concentrations (kg/m?) of analytic, FTCS and Saulyev

solutions at C'(0.5,1).

Table 1: Comparison Az and At for computing nitrogen pollutant models of
the total nitrogen with two numerical methods which are possible in the solving.

Ax At A 0% FTCS SAULYEV
0.1 0.25 0.05 stable stable
0.2 0.05 0.125 0.025 stable stable
' 0.025 0.0625 0.0125 stable stable
0.0125 0.0313 0.00625  stable stable
0.1 1 0.1 unstable stable
01 0.05 0.5 0.05 stable stable
’ 0.025 0.25 0.025 stable stable
0.0125 0.125 0.0125 stable stable
0.1 4 0.2 unstable stable
0.05 0.05 2 0.1 unstable stable
0.025 1 0.05 unstable stable
0.0125 0.5 0.025 stable stable
0.1 16 0.4 unstable stable
0.025 0.05 8 0.2 unstable stable
0.025 4 0.1 unstable stable
0.0125 2 0.05 unstable stable

For example, considering the concentration measurement of the nitrogen pol-
lutant concentration in a stream at time ¢ of total nitrogen (C1), organic nitrogen
(C3), ammonia (C3), nitrite (Cy), and nitrate (C5) concentrations, assume that
the stream reach is about 1 km, which is considered over the entire time inter-
val [0,1]. This stream is surrounded by residential components. Wastewater is
discharged into the stream, such that the wastewater contains nitrogen as the
total nitrogen concentration form, which is everywhere throughout the stream,
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is described by a interpolated function Ci(z,0) = ki(z) = 1 + z(1 — z) kg/m3
initially, this discharged pollutant concentration at the left side of the stream
(x =0)is C1(0,t) = g1(t) = 1 kg/m?3 for all time and at ¢ = 0, and the right side
of the stream (z = 1) is the rate of change of the total nitrogen concentration
for releasing out 801(1 D= (t) = —0.001 for all time and at ¢ = 0. Organic
nitrogen, ammonia, n1tr1te and nitrate pollutant concentrations depend on the
total nitrogen concentration, such that they are defined by the same values as
there are pollutant concentrations everywhere throughout the stream, and are
kept at Co(x,0) = C3(x,0) = Cy(x,0) = Cs(x,0) = 0 kg/m? initially, at the left
side of the stream (x = 0) is the rate of change of nitrogen pollutant concentra-
tion for releasing in as 8(’3(0 ) — acg(o ) — 803(;) ) — 803580 ) = 0 for all time
and at ¢t = 0, and the right side of the stream is the rate of change of nitro-

gen pollutant concentration for releasing out as acgg ) — acggjl ) — 90l _

oz

8037(;’” = —0.001 for all time and at ¢ = 0. The component of velocity is a con-
stant as u = 0.1 m/s. This stream has approximate diffusion coefficients of total
nitrogen (D;), organic nitrogen (D), ammonia (D3), nitrite (Dy), and nitrate
(Ds) concentrations of 0.1, 0.85Dq, 0.65Dy, 0.45D1, and 0.3D; m?/s, respec-
tively. The rates of degradation of total nitrogen (R;), organic nitrogen (R2),
ammonia (R3), nitrite (R4), and nitrate (R5) concentrations are 0.1, 0.85Ry,
0.65R1, 0.45R1, and 0.3R; s—', respectively. The inlet flow of the total nitrogen
concentration into the stream is 0.001 m?/s.

Start by computing the numerical solution equations (the FTCS and Saulyev
methods). For the FTCS method, implement solution equatios as the total
nitrogen, organic nitrogen, ammonia, nitrite, and nitrate in section 3.1, which
associate with setting parameter values. For the Saulyev method, implement
solution equations as the total nitrogen, organic nitrogen, ammonia, nitrite, and
nitrate in section 3.2, which associate with setting parameter values.

Perform both methods for each Az and At to compare each output of the
numerical method that can be possible to measure for each case, as shown in
Table 1.

From Table 1, we observe that it is possible to use the test to solve all of the
cases for the Saulyev solutions. The FTCS solutions represent divergent yields
and cannot be used in some cases. Therefore, the Saulyev method shows that
is a consistent method for all cases under unconditional stability.

The FTCS method is impossible to compute if At has such large increases
to not be satisfied for stability conditions which depend on A and ~.

4.3 Numerical simulations of water-quality measurement in a
stream with nitrogen pollutant concentration measurement
using Saulyev method

According to the numerical computation of the nitrogen dispersion models, the
FTCS method is impossible to use for the majority of cases. In the current
section, we implement the Saulyev method with the nitrogen dispersion models.
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This presents a comparative computation of nitrogen pollutant concentration for
the different rates of change observed in them at the right boundary conditions,
in order to explain the different nitrogen pollutant concentration behaviors.

Similarly, from the previous section, the same implementation of the Saulyev
method is done with the concentration measurement of the nitrogen pollu-
tant concentration in the stream at time ¢ as the total nitrogen(C1), organic
nitrogen(C2), ammonia (Cs), nitrite (Cy), and nitrate (C5). Assume that the
stream reach is about 1 km, which is considered over the entire time interval [0,1],
some stream physical characteristics, initial and boundary conditions are similar,
but some stream physical characteristics are different, such as the component of
velocity depending on distance x, described by a function v = 0.14+z(1—x)(0.1)
m/s. This stream has an approximate diffusion coefficient of the total nitrogen
concentration (D7) with a function Dy = 0.1+ (1+2z(1—2))(0.1) m?/s, depend-
ing on distances. Furthermore, the grid space (Ax) and time (At) increments
are defined by 0.00625 and 0.01, respectively.

We perform solution equations for the total nitrogen, organic nitrogen, am-
monia, nitrite, and nitrate with the Saulyev method in section 3.2, all five cases
which associate with setting parameter values above and the previous section,
by determining the different rates of change of nitrogen pollutant concentrations
at right boundary conditions of -0.001, -0.002, -0.003, -0.004 and -0.005. Table
2 and 3 show each nitrogen pollutant concentration where the rates of change
of nitrogen pollutant concentrations at the right boundary conditions of -0.001
and -0.005, respectively.

We observed that each measurement of all five cases gives each output of
concentration in the same direction of the approximated value and each output
of concentration in the cases of organic nitrogen, ammonia, nitrite, and nitrate
obtained depend on the different defined rates of change of nitrogen pollutant
concentrations at right boundary conditions.

5. Discussion

Consider that the given five graphs in Fig. 2 are examples from the nitrogen
pollutant models in the case of the rate of change of nitrogen pollutant con-
centrations at the right boundary condition of -0.001. The graphs clearly show
the effects of the increase or decrease in nitrogen pollutant concentrations in
the stream, such that the total nitrogen pollutant concentration decreased con-
tinuously in Fig.2 (a), while the organic nitrogen, ammonia, nitrite and nitrate
pollutant concentrations increased continuously in Fig. 2 (b)-(e). It can be
explained that discharged wastewater consists of nitrogen pollutant concentra-
tions, as the total nitrogen concentration, which is the origination concentration,
can measure four different nitrogen pollutant concentrations (organic nitrogen,
ammonia, nitrite, and nitrate) at many space points at various times. Fig. 3
compares each nitrogen pollutant concentration (organic nitrogen, ammonia,
nitrite, and nitrate pollutant concentrations) from the total nitrogen concentra-
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Figure 2: (a)The total nitrogen, (b)organic nitrogen, (c)ammonia, (d) nitrite,
and (e)nitrate (kg/m?3) where the rate of change at the right boundary condition

is -0.001.

tions by considering the different rates of change of nitrogen pollutant concentra-
tions at right boundary conditions of -0.001, -0.002, -0.003, -0.004, and, -0.005,
such that the different rates of change of nitrogen pollutant concentrations at the
right boundary condition is similar, the organic nitrogen pollutant concentration
is at a higher level, and the other pollutant concentrations (ammonia, nitrite,
and nitrate) have high concentrations, respectively, following nature. Fig. 4
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Figure 3: The organic nitrogen, ammonia, nitrite, and nitrate concentrations
(kg/m?) from the total nitrogen concentration in cases of the rates of change
at right boundary condition of (a)-0.001, (b)-0.002, (c¢)-0.003, (d)-0.004, and
(e)-0.005 at C'(1,t).

compares the different rates of change of nitrogen pollutant concentrations at
right boundary conditions of -0.001, -0.002, -0.003, -0.004, and -0.005 such that
they affect the pollutant concentration levels of each nitrogen pollutant con-
centration (the total nitrogen, organic nitrogen, ammonia, nitrite, and nitrate
pollutant concentrations). The difference of each nitrogen pollutant concentra-
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Figure 4: Comparison (a) the total nitrogen, (b) organic nitrogen, (¢) ammo-
nia, (d) nitrite, and (e) nitrate (kg/m3) when the rates of change at the right
boundary condition are -0.001, -0.002, -0.003, -0.004, and -0.005 at C(1,t).

tion between the rates of change at right boundary conditions at C'(1,t) have
equal pollutant concentration values, which shown in Table 4. Observe that if
the rates of change of nitrogen pollutant concentrations have low values to high
values, the nitrogen pollutant concentration levels will also have low values to
high values respectively.
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(a)
th 0 0.2 0.4 0.6 0.8 1

0 1 11600  1.2400  1.2400  1.1600 1
0.2 1 11112 1.1620 11465 1.0616  1.0112
0.4 1 1.0734  1.0991  1.0689 1.0058  0.9930
0.6 1 1.0420  1.0470  1.0034 09860  0.9603
0.8 1 1.0177  1.0031  0.9766 09635  0.9467

1 1 0.0065  0.9702 09582  0.0430  0.9273

(b)
th o 0 0.2 0.4 0.6 0.8 1
(x107%)

0 0 0 0 0 0 0
0.2 05422 11541 1.5746  1.83T1  1.9462  3.0606
0.4 1.6457 25138  3.1438  3.5373  3.09721  5.3720
0.6 20711 309580 46862 5.1254  G.0074  T.3600
0.8 43962 54335  6.1916  6.0160  7.0036  9.1780

1 5EGE3T  6G.O113  T.6932  R.GTAT  9.7592 10.8905

(c)
by L] .2 0.4 0.6 0.8 1
(x10°%)

0 0 0 0 0 0 0
0.2 04918 1.0041 1.3282 15092 1.5594  2.3043
0.4 14213 21222 2605  2.8780  3.1126  4.0544
0.6 24970  3.2809 38376  4.1442 47102 55914
0.8 3.6337  4.4507  5.0205 54828 61653  7.0068

1 4.7942 56159 6.1984 6,812  7.5319  8.3428

(d)
th @ 0 0.2 0.4 0.6 0.8 1
(x107%)
0 0 0 0 0 0 0
0.2 04172 0.8025  1.0171  1.1166  1.1187  1.5024
0.4 11281 16371 1.9618 21187 21853 2.6007
0.6 10180 2.4801  2.8581  3.0372  3.2616  3.763
0.8 27380 3.3215  3.TITO  3.0480 42688  4.7613

1 3.5708 4.1553 4.5481 4.8565 52251 LTOTZ2
(e)
thax 0 0.2 0.4 0.6 0.8 1
(x107%)
0 0 0 0 0 0 0

0.2 0.3335 06017 07205 0.7752  0.7a61 0.9103
0.4 0.58445 1.1932 1.3956 1.4732 L4590 L6760
0.6 1.3949 L7786 2.0202 21125 21570 2.3872
0.8 L9602  2.35T6  2.6145 2.723 2.8245 3.0587

1 2.5303 2.9202 31857 3.3267  3.4648 3.6004

Table 2. (a) The total nitrogen, (b) organic nitrogen, (c) ammonia, (d) ni-
trite, and (e) nitrate, (kg/m3) where the rate of change at the right boundary
condition is -0.001 such that there are Az=0.00625 and At=0.01.

6. Conclusion

In this study, the nitrogen pollutant concentration models in a stream, the
total nitrogen, organic nitrogen, ammonia, nitrite, and nitrate concentrations,
are considered. These models show that each nitrogen pollutant concentration
behavior, such as the total nitrogen concentration, affects the measurement
of various pollutant concentrations of nitrogen, such as the organic nitrogen,
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(a)
tha 0 0.2 0.4 0.6 0.8 1
4] 1 11600 1.2400 1.2400 1.1600 1
0.2 1 L1112 11620 1.1465 10616  1.0105
0.4 1 1.0734 10991  1.0689 10056  0.9919
0.6 1 1.0429 10470  1.0034  0.9855  0.9679
0.8 1 1.0177 L0031  0.9764 0.9628  0.9451
1 1 0.9965 09702 0.9578  0.9421  0.9255
(b)
£Y @ 0 0.2 0.4 0.6 0.8 1
(x10™%)
0 0 0 0 0 0 0
0.2 0.5422  1.1541  1.5746 L8371  1.0462  2.3966
0.4 1.6457 25138 31438 35373 3.8060  4.3332
.6 2.9711 3.9580 A.GRG2 51254 56310 [IXILEN
0.8 4.3962  5.4335  6.1916  6.7568  T.3045  T.6775
1 5.8637  6.0113  T.67T16  8.3508  8.8375  9.2172
(c)
th @ 0 0.2 0.4 0.6 0.8 1
(x107%)
0 0 0 0 0 0 0
0.2 04918 1.0041 1.3282 1.5092 1.5594 1.6906
0.4 14213 2.1222  2.6050 28780 2.0834  3.1357
0.6 24970  3.2809  3.837T6  4.1442  4.3456  4.4503
0.8 3.6337 4.4507 5.0205 5.3777 5.6233  5.7045
1 47942  5.61509  6.1871  6.5805  6.8423  6.8066
(d)
a 0 0.2 0.4 0.6 0.8 1
(%107
0 0 0 0 0 0 0
0.2 04172 0.8025 1.0171 11166 1.1187  0.09729
0.4 1.1251 1.6371 1.9618 21187 210307 1.92449
0.6 1.9180 24801 28581 30372 3.0172  2.8312
0.8 27380 33215  3.717T 38067 38067 3.6060
1 35708 41553 4.5447 47367 47447 4.5310
(e)
th 0 0.2 0.4 0.6 0.8 1
(x107%)
0 0 i 0 0 0 0
0.2 0.3335 06017 0.7295 0.7752 (.7561 04700
0.4 0.8445  1.1932  1.3956 14732 1.4151  1.0574
0.6 1.3949 L7786  2.0202 21125  2.0141  1.6426
0.8 1.9602 2.3576 26145  2.7048  2.5064  2.2139
1 2.5303  2.9292  3.1852  3.2761  3.1626  2.7709
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Table 3. (a) The total nitrogen, (b) organic nitrogen, (¢) ammonia, (d) nitrite, and
(e) nitrate, (kg/m?®) where the rate of change at the right boundary condition is -0.005
such that there are Az=0.00625 and A¢=0.01.

ammonia, nitrite, and nitrate. The solution performance of these models can be
shown by using the numerical methods (the FTCS and Saulyev methods), which
are explicit schemes. Both methods are in good agreement with the analytic
solution but they have differences under conditions, such that the FTCS method
can solve problems under a stability condition, while the Saulyev method be
able to solve many scenarios without the limitation of stability conditions. The
Saulyev method gives good agreement approximated solutions without stability
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(a)
th rates  -0.001 and -0.002  -0.002 and -0.003  -0.003 and -0.004  -0.004 and -0.005
(x10~%)
4] ] 0 ] ]
0.2 1.7636 1.7636 1.7636 1.7636
0.4 2.7637 2.7637 2.7637 2.7637
0.6 34577 34577 3.4577 3.457T
0.8 3.9962 3.90962 3.9962 3.9962
1 44401 4.4401 44401 4.4401
(b)
thrates  -0.001 and -0.002  -0.002 and -0.003  -0.003 and -0.004  -0.004 and -0.005
(=x107%)
0 0 ] ] ]
0.2 1.6824 1.6824 1.6824 1.6824
0.4 2.5970 2.5970 2.54970 2.5970
0.6 3.2400 3.2400 3.2400 3.2400
0.8 3.7513 3.7513 3.7513 3.7513
1 4.1833 4,1833 4.1833 4.1833
(c)
thrates  -0.001 and -0.002  -0.002 and -0.003  -0.003 and -0.004  -0.004 and -0.005
(x10°%)
4] 0 0 ] ]
0.2 1.5341 1.5341 1.5341 1.5341
0.4 2.2966 2,2066 2.2966 2.2066
0.6 2.8301 2.8301 2.8301 2.8301
0.8 3.2557 3.265T 3.2557 3.2565T
1 3.6156 3.61506 3.6156 3.61506
(d)
thyorafes  -0.001 and -0.002  -0.002 and -0.003  -0.003 and -0.004  -0.004 and -0.005
(=101
0 0 ] ] ]
0.2 1.3237 1.3237 1.3237 1.3237
0.4 1.9145 1.9145 1.9145 1.9145
0.6 2.3296 2.3296 2.3296 2.3296
0.8 2.6610 2.6610 2.6610 2.6610
1 2.9404 2.9404 2.9404 2.9404
(e)
thrates  -0.001 and -0.002  -0.002 and -0.003  -0.003 and -0.004  -0.004 and -0.005
(x10°%)
4] L o ] 0
0.2 1.0985 108985 1.0985 1.0985
0.4 1.5463 1.5463 1.5463 1.5463
0.6 18617 1.8617 1.BG1T 18617
0.5 2.1119 21119 211189 21119
1 2.3214 2.3214 2.53214 2.3214

Table 4. Comparison each two rates of change at C(1,¢) right boundary condition at
of (a) the total nitrogen, (b) organic nitrogen, (¢) ammonia, (d) nitrite, and (e) nitrate
concentrations (kg/m3) such that there are Ax=0.00625 and At=0.01.

limitation. It is a good method for several realistic scenarios. In the simulation,
we can see that the total nitrogen pollutant controlling gives better overall
water-quality levels than another nitrogen pollutant compounds controlling.
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