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2D - MODEL OF CONTAMINANT WATER
TRANSMISSION PROCESSES AND NUMERICAL
SIMULATION ON A NATURAL LAKE

Tran Thu Ha, Nguyen Hong Phong
Institute of Mechanics

Abstract. Nowadays, the water pollution problems in the lakes are urgent matters. The
simulation of contaminant water transmission process plays important role in reality to
improve people’s life qualities. In this paper the 2D- mathematical model simulating
transmission processes of some contaminant substances in one lake of Hanoi is stud-
ied. The finite volume method is used in model. The actions between substances are
considered and the simulation results are compared with the measurements.

1. INTRODUCTION

Present-day in our country, water pollution is one of the most serious problems.
Water quality is influenced directly to health of people. In this paper the 2D hydraulic
and pollution models are used to simulate the transmissions of the pollution substances.
The linear 2D water pollution model is studied by semi group method in [5]. The nonlinear
2D-Imech water pollution model is begun establishing in 2005 [1] by the group of Assoc.
Prof. Hoang Van Lai. In this paper this model is developed to simulate transmission of
the pollution substance combination acting each with others in water.

2. FORMULATION OF THE WATER POLLUTION PROBLEM

2D Pollution water model is consisted of hydraulic model and transmission - diffusion
of pollution substances. The Saint - Vernant equation is written as follows:
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We suppose that there are m substances dissolved in water. Then the transmission
and diffusion processes of pollution substances are described by the following equation:
oc; 0 0 0? 0?
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Here:

(2—is a bounded domain of R? with a boundary T’

z— Free surface elevation,

h— Water height

u— Average velocity by x direction

v— Average velocity by y direction

g— Gravity acceleration

K, — Strickler coefficient by x direction

K, — Strickler coefficient by y direction

S,,— Bottom slope by x direction

So,y— Bottom slope by y direction

(C;— Concentration of i-substance

fi— Pollution source of i-substance

D;— the diffusion coefficient of i-substance

m— The number of substances in water

U = (u,v)— water velocity vector

The boundary and initial conditions of Saint - Vernant and water pollution equations
are:

U(x,y).ii|r = U(t), where n is the normal out orthogonal vector onto the perimeter
of the region €2,

U(:anvo):UO(:Evy)v z(:EvyaO):ZO(:an)v Z|1":Z(t)7 CZ'(ZL',y,O):C@(](ZE,y),

G,y )l rapery = Cilt) and 5| =0, 0 =T, UT,.

3. MATHEMATICAL ALGORITHM CALCULATED 2D WATER
POLLUTION

3.1. Algorithm of 2D flow system.

In this model the finite volume method is used with the calculated triangular mesh.
In the regions with complicated topography the flows are well simulated by this grid board.
In finite volume method the calculated area is divided by the small simple elements as
triangles. The triangular mesh is unstructured and represented as in Fig. 1. The mesh’s
unstructured properties are represented that the numbering of grids and elements are
considered by any rule.

To apply the finite volume the equations (1) - (3) are rewritten as follows:

68—‘15/ + g—f + 68—5 =F (5)
In the equation (5)
- o o \/ﬁ v
V=|q@|, A=|i’+gz|, B= uv , F=| 9%k +ug,
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Fig. 1. The unstructured mesh

Integrating two sides of equation system (5) by small element S we have the formula:

—dS—I—/V (A, B)dS = /FdS

To approximate these integrals we assume that in small element S the functions
z,u,v can be the constants. Therefore, using Green formula the above formula can be
rewritten as following;:

Vs, 7{ (A, B).iid(d5) = / Fds (6)

dt
as S
In (6), S is the area of element, S is the perimeter of element, n is the out normal
orthogonal vector onto 05. In the slow changing process problem to calculate the integrals
we can use the average values for the functions in S element.

3.2. Mathematical algorithm for transmission-diffusion equations

The transmission pollution substance equation (4) can be rewritten as follows:

oC; 0C; oc; 0 ( OC’Z-> 0 ( 0C; > P
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ac, -
ot zg"'adcz = fz (7)

here U = (u,v).
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The pollution process model is depending on the combination of substances and
number of them. The following substances and the conversion terms are considered:

Table 1. The substances and conversion terms

Variable Conversion term
SS Er - De
BOD Hyd + FastCoxid - RONDcnitri Denitri + Sedpop - Settsop
CHL Growthcnur - Deathcnr - Respceur - Settlout
DO ROCCHL Growthcur, - ROCCHL Deathcyr, - SOD - FastCOxid - R()NNitri Nitri + Reae Os
NH4 RNOHyd Hyd - RNCCHL P.p Growthcur - RNCCHL Re spcuL - Nitri + Sednn,
NO3 Nitri - Denitri - Rnogc o, (1 - Pap) Growthcnr - Sednog
Cr

RoCpscoxia FastCOxid + Rocg, o, Re speHL - Rocg,owen Growthonr + Reaeco, + Sedco, - Prepcog

ALK Ravk, caL RespcuL-(RaLk, cHL Pap-RarLk, N (1-Pap)) Growthcur-RaLk, Nitri Nitri+RALK, Denitri Denitri

pH/[H] F(H-D

In the right side of equation (7) the combination of substances are considered and

represented by the source functions f;(i = 1 m). These functions f; are called by con-

version terms and written as follows: f; = Z k‘Z JC’ (i,7 =1, m). Here, m is the number of
‘7_

pollution substances and k; j(i,j = 1, .., m) are the coefficients depending on temperatures

and different substances.
Integrating two sides of equation (7) by dx and dy we have:

aact' /(dw (UC;) — CidivU) dedy — /V D;gradC;) dxdy = /Zk‘”C’ dxdy

S S 5 =1

S
Then the equation can be discrete by the following equation:

Ci —Ciy 9C; 4 9C; 4 — Zit
At dS‘i‘(UCZ’t—DZ%) ay ) 55 Czt N

Using the Green formula for the above equation we have:

660 / UC;i70S — / C;divUdzdy — 7{ D,gradC;.idS = / kac dzdy
a8 5 =1

n4.0S+(vC;i—D; ds = Z ki jC;4dS
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Here the functions are calculated at the center point of element; dS is the area of
element; 0S is the perimeter of element; C; is the concentration in the last step; 7 =
(ng, ny) out normal orthogonal vector of element; u,v and z are the values solving from
(6); z is the value of z in the previous step. Then the concentration of substance C; can
be calculated by the following formula:

Z_Zt

C; = (ki,lci,t + ki,202,t + ...+ ki,nCn,t)At + Ci’t(—h + 1)—
9C;, naOSAL 9C;, n,dSAL
— it — Dy ~ ) — it — D; — )
(uCi 2 ) ag Wl y ) ds

4. EXPERIMENTAL SIMULATION FOR THANH NHAN LAKE

Thanh Nhan lake is located behind Thanh Nhan hospital. Its area, water height,
water capacity respectively are 8.1 ha, 1.5m - 3m and 162.0000m3. Waste water flowing
into lake is about 2100 m? per day-night.

a. Physical hydro properties

- Temperature of lake is oscillated from 23.4 °C to 23.8° C in dry season.

- pH level is oscillated from 7.88mg/1 to 8.57mg/1

- Muddy level is oscillated from 9mg/1 to 34 mg/1.

- Salt level (NaCL) isn’t changed in at the stations getting samples 0.01%

- Oxygen concentration dissolved in water is oscillated from 7.9 mg/1 to 11.6 mg/1.

b. Chemical hydro properties:

* Organic element group:

- The contents of elements that have the origin Nitrogen such as NOy, NOg3, and
NHj3 having the following development processes:

+ The content of NOs is oscillated from 0,055mg to 0.062 mg/1 higher than permit-
ted critical value of surface water standard in Vietnam (0.01- 0.05mg/1)

+ The content of NOj is oscillated from 0.76mg to 0.81 mg/1 lower very much than
permitted critical value of surface water standard in Vietnam (10 - 15 mg/1).

+ The content of NHj is oscillated from 0.51mg to 0.62 mg/l not higher than
permitted critical value of surface water standard in Vietnam (1 mg/1).

+ The content of POy dissolved in water is oscillated from 0.44mg/1 to 0.46 mg/1

+ The content of salt that has origin SOy is oscillated from 25mg/1 to 27 mg/1.

+ The content of substances that have origin HsS is oscillated from 0.116mg/1 to
0.151 mg/1.

+ The need of chemical biology oxygen BODj is oscillated from 15.5mg/1 to 24.0
mg/l less than Vietnamese critical standard of surface water quality (less than 25 mg/1).

+ The need of chemical oxygen COD is oscillated from 345mg/1 to 400 mg/1. There-
fore, the chemical oxygen need is higher than Vietnamese critical standard of surface water
quality about 10 times (less than 35 mg/1).

* The group of chemical toxin is consisted of some elements that have heavy metals
such as catmint, mercury, leaden and mange. In general, the average contents of elements,
that have heavy metals, are less than Vietnamese critical standard of surface water quality
(1995).
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Table 2. Water quality of Thanh Nhan lake in 11/2001

P1 Gate into P2 Area in the | P3 Gate | Vietnamese critical Remarks
the north of lake | middle of lake out standards
Temperature °C 23.4 23.8 23.8
Oxygen concentration 7.9 10.9 11.6 >6
dissolved (mg/1) >2
6-8
PH 7.88 8.48 8.57 5.5-9
Derivative level (S/m) 0.04 0.04 0.04
NaCL(%) 0.01 0.01 0.01
Muddy level (mg/1) 9 25 34
NO:2-N (mg/1) 0.055 0.057 0.062 0.01 Over the critical
0.05 standards
NO3-N (mg/1) 0.81 0.78 0.76 10
15
NHs (mg/1) 0.52 0.51 0.62 0.05
1
SO4( mg/1) 27 25 25
PO4 ( mg/l) 0,44 0,46 0,46
COD( mg/1) 400 380 345 <10 Over the critical
<35 standard about 10
times
<
BOD520°C (mg/1) 24.0 15.5 17.0 <25
Total Coli form(MPN/100ml) 280 5000
Fecalcoliform(MPN/100ml) 200 5000
0.1
Cu (mg/1) 0,00 0,00 0,00 1
0.1 mg/1
Mn ( mg/1) 0.001 0,003 0,005 0.8 mg/1
0.05 mg/1
Pb (ug/l) 2,740 2,370 3,140 0.1 mg/1
0.01 mg/1
Cd (pg /1) 0,228 0,316 0,325 0.02 mg/1
0.001 mg/1
Hg (pg /1) 0,089 0,076 0,091 0.02 /1
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c. Geographical data

The geographical data of Thanh Nhan Lake are collected on the map 1:5.000 with
the correction corresponding to real condition.

Tran Khat Chan
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Fig. 2. Geographical map of Thanh Nhan lake

We only use norms of substances in the model such as BODs5, SO4, and COD. BOD’s
indicator shows the oxygen quantity needing for bacterium in oxygen reactions of organic
substances in water. COD’s indicator shows the chemical oxygen’s quantity needing for
oxygen reactions of organic substances in disintegration processes into CO9 and H2O. High
contents of SO4 influence to the processes introducing HoS in water that makes bad smell
and poison to fishes.

The substances BODj5, SO4, COD have exchanging relation. The chemical process
disintegrated pollution substances are described as follows:

Si (BOD5) = - k1 .BOD5; 81(804) = - k7 804; Si (COD) = k(; COD.

On the collected data, we establish the input data for the model. The geographical
data are divided into the boundary and inside area of lake. These data are divided by the
unstructured net with 1964 triangular elements and 1058 nodes. This geographical map
and unstructured net are described as the following Fig. 3 and Fig. 4.

The data of discharges, water height and substance contents in the gate into the
lake are as following;:

The discharges in and out of lake are 2100 m3per day-night.
The average water height is 4m.
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The content of BODj5 in the gate into lake is equal to the measurement value 24

mg/l.
The content of SOy4 in the gate into lake is equal to the measurement value 27 mg/1.
The content of COD in the gate into lake is equal to the measurement value 400

mg/l.
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Fig. 8. Geographical data Fig. 4. Unstructured net with trian-
gular elements

On the gate out there are the conditions of concentration: ac@/an =0 (i=1... m)

where n is the out orthogonal vector onto the gate out of lake.
The measurement positions are described in the following figure

Fig. 5. The measurement positions on the lake
With the previous algorithm, the concentration results of BOD5, SO4, COD are
obtained and described in the Figures 6-9
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Fig. 6. Velocity and substance concentration fields COD, BODs5, and SO4
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Fig. 7. Calculation and measurement of Fig. 8. Calculation and measurement of
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Fig. 9. Calculation and measurement of SO4 contents at some points on the lake

5. CONCLUSION

From the calculation results described by the transmission pictures of BODs, COD
SQy, it is easily to see that the calculation contents of these substances are closed to the
measurements. In the middle of lake there are some errors between measurements and
simulations of BODs, COD, and SO,4. These errors can be explained that the contents of
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pollution substances are also depending on lake’s temperatures, alga activates, and sun-
shine. . . These influences aren’t considered in simulation process. The model can be used
to simulate the transmission of substance combination in water with unlimited number
of them if we have enough data. For the values of coefficients k; ; (i,j = 1,...,m) in
combination pollution sources f; (¢ = 1,..,m) from the right side of equation (7) we need
to get the experimental results from the Institute of Chemistry.

With the results of simulation, the model can be developed and considered as a
supported tool to calculate substance contents and study water quality for the pollution
problems in our country.
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MO HINH LAN TRUYEN O NHIEM NUGC HAI CHIEU VA TINH MO
PHONG CHO MOT HO CHUA TU NHIEN

Ngay nay, van dé 6 nhiém nudc trong ho chiia trd nén rat cap thiét. Viec mo ta qua
trinh lan truyén chat trong ho chita déng vai tro rat quan trong trong viéc nang cao chat
lugng cudc song ctia nhan dan. Trong bai bado nay mo hinh toan hai chiéu mo ta qua trinh
lan truyéen chat trong mot ho chita & Ha Noi duge nghién citu. Phuong phap phan ti khoi
dugce stt dung. Cac dnh hudng tuong tac ciia cac chat trong ho dude nghién cttu va cac két
qué tinh toan dugc so sanh véi thuc do.



