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3-Advection Dispersion Equation
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2-Acoustic Doppler Current Profiler
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1- Forward time central space
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2- Advection
3- Diffusion
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Figure 1- The element of river to derive the ADE
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1- Fick Law
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Table 1- The empirical formulas proposed for longitudinal dispersion coefficient
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Figure 2- Integration process on the control volume in the
finite volume method
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Figure 3- The parabolic concentration distribution in the cell
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Table 2- Universal coordinate of sampling station
o uw! LAWY (m) adlold
Station Cordinate Distance

D7 SN 9549 8479 0
Injection
A SN95708488 210
B SN 96218561 1175
c SN 97488558 2875
D SN 9969 8518 5275
E SO 01608677 7775
F SO 02528858 10275
G S0 02209090 13775
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Figure 5- Schematic shape of the Upper Narew River
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Table 3- Hydraulic and geometrical properties of sampling station

EHESTS sl (M) yoye (M)Gos  (M/S)lawgio Ce g (M/S) o 33 oS g
River Station  Width Depth Mean Velocity Shear Velocity

B 22 0.45 0.73 0.045
C 22 0.45 0.71 0.045
g 539, D 23 0.5 0.71 0.045
Severn River E 24 0.5 0.65 0.045
F 25 0.45 0.66 0.045
G 25 0.53 0.66 0.05
N-3 14.2 1.35 0.27 0.05
92,6 &g, N-4 21.3 0.76 0.31 0.05
Narew River N-5 24.2 0.88 0.24 0.05
N-6 17.8 0.87 0.41 0.05

278 Bdge s 9 (2bdg) (P9, 3 Sy g dlone - F oo
Table 4- Results of D_ calculation using the DRM and empirical formulas

EHERT) Oagw 429, (6 08 8510 81wy 92,0 aladg, (g w5 03101 81!
River Sever River Stations Narew River Stations
PALYEY
. A B C D E F N-1 N-2 N-3 N-4
Equation R? R?
< *‘“S“ < 415 265 125 385 375 295 281 56.00 3500 18.00
L
1 0.11 0.12 0.14 0.14 0.12 0.15 0.21 0.36 0.20 0.23 0.23 0.18
2 1069.3  905.9 1071.9 1069.0 957.00 1166.7 0.00  2008.7 1074.7 1272.1 1562.8 0.48
3 150.11 1325 124.82 116.39 147.89 117.72  0.17 2.68 13.57 9.14 14.60 0.03
4 2,51 2.69 2.38 243 3.06 2.35 0.11 0.19 0.91 0.77 0.58 0.41
5 33.90 34.61 34.79 35.86 43.08 37.87 0.07 2.97 12.59 12.37 8.85 0.30
6 12.92 13.84 14.66 15.30 16.77 16.48 0.00 4.14 10.15 11.42 7.25 0.30
7 74.03 69.07 72.53 66.24 67.35 69.71 0.01 20.16 24.68 19.69 34.86 0.17
8 27.10 29.04 29.84 31.80 37.50 33.96 0.02 4.03 16.12 17.97 9.83 0.34
9 18.26 17.42 17.73 16.93 18.85 17.71 0.05 2.23 5.18 4.32 5.53 0.02
10 3.49 3.39 3.77 3.45 3.15 3.71 0.40 3.88 2.46 2.21 3.74 0.17
11 586.11  490.8 490.46  416.21 441.10 42440 0.00 5441 73.23 46.79 13596 0.22
12 56.13 53.29 55.25 51.81 54.99 54.47 0.01 10.97 18.35 15.22 22.13 0.01
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Figure 6-Results of analytical solution of the ADE
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Figure 7- Comparison of analytical and numerical solution of ADE
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Table 4- The value of used parameters for the DRM to calculate the D,

o5 o5 G 8

River Station AX (m) At (S) DL (m 2/8)

’; j i 415
;2 C 4 5 26.5
4 12,5
5 D 4 2 385
% g E 4 2 475 :
» F 4 2 : 205
G 4 2 '
33 N-4 4 2 0 00
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Figure 8- Results of simulation of pollution transmission in Severn River
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Figure 9- Results of simulation of pollution transmission in Severn River (continue)
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Figure 10- Results of simulation of pollution transmission in Narew River
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Introduction: The study of rivers’ water quality is extremely important. This issue is more important when
the rivers are one of the main sources of water supply for drinking, agriculture and industry. Unfortunately, river
pollution has become one of the most important problems in the environment. When a source of pollution is
transfused into the river, due to molecular motion, turbulence, and non-uniform velocity in cross-section of flow,
it quickly spreads and covers all around the cross section and moves along the river with the flow. The governing
equation of pollutant transmission in river is Advection Dispersion Equation (ADE). Computer simulation of
pollution transmission in rives needs to solve the ADE by analytical or numerical approaches. The ADE has
analytical solution under simple boundary and initial conditions but when the flow geometry and hydraulic
conditions becomes more complex such as practical engineering problems, the analytical solutions are not
applicable. Therefore, to solve this equation several numerical methods have been proposed. In this paper by
getting the pollution transmission in the Severn River and Narew River was simulated.

Materials and Methods: The longitudinal dispersion coefficient is proportional of properties of Fluid,
hydraulic condition and the river geometry characteristics. For fluid properties the density and dynamic viscosity
and for hydraulic condition, the velocity, flow depth, velocity and energy gradient slope and for river geometry
the width of cross section and longitudinal slope can be mentioned. Several other parameters are influencive, but
cannot be clearly measured such as sinuosity path and bed form of river. To derive the governed equation of
pollution transmission in river, it is enough to consider an element of river and by using the continuity equation
and Fick laws to balancing the inputs and outputs the pollution discharge. To calculate the dispersion coefficient
several ways as empirical formulas and artificial intelligent techniques have been proposed. In this study LDC is
calculated for the Severn River and Narew River and some selected empirical formulas have been assessed to
calculate the LDC.

Dispersion Routing Method: As mentioned previously, calculating the LDC is more important, so firstly,
the longitudinal dispersion was calculated from the concentration profile by Dispersion Routing Method (DRM).
Using the DRM included the four stage.1-considering of initial value for LDC .2-calculating the concentration
profile at the downstream station by using the upstream concentration profile and LDC.3- Performing a
comparison between the calculated profile and measured profile.4- if the calculating profile is not a suitable
cover, the measured profile of the process will be repeated until the calculated profile shows a good covering on
the measured profile.

Numerical Method: The ADE includes two different parts advection and dispersion. The pure advection
term is related to transmission modeling without any dispersing and the dispersion term is related to the
dispersion without any transmission. To discrete the ADE the finite volume method was used. According to
physical properties of these two terms and the recommendation of researchers a suitable scheme should be
considered for numerical solution of ADE terms. Among the finite volume schemes, the quickest scheme was
selected to discrete the advection term, because of this scheme has suitable ability to model the pure advection
term. The quickest scheme is an explicit scheme and the stability condition should be considered. To discrete the
dispersion term, the central implicit scheme was selected. This scheme is unconditionally stable.

Results and Discussion: The results of longitudinal dispersion coefficient for the Severn River and Narew
River were calculated using the DRM method and empirical formulas. The results of LDC calculation showed
that the minimum and maximum values for the Severn River was equal to the 12.5 and 41.5 respectively and for
the Narew River were reported as 18.0 and 56.0 respectively. The value of the LDC derived using the DRM was
used as one of the input parameters for developing the computer program. For validation of numerical model, a
comparison was conducted with results of analytical solution. This comparison showed that the performance of
numerical method is quite suitable. For assessing the performance of numerical model the pollution transmission
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in the both mentioned rivers was simulated. The calculated LDC and time steps and distance steps was
considered as 4m and 2s. The results of simulation showed that the performance of developed computer model is
suitable for practical purposes.

Conclusion: In this paper the Finite volume method such as numerical model for Discretization the ADE and
also estimating the LDS the Dispersion routing method has been used. To primary evaluating of the model the
compression between the model result and analytical solution of ADE has been done. To assess the accuracy of
the model in engineering work the results of the model compared with two rivers data observations (Severn and
Narew). Final result showed that the performance of model is suitable.

Keywords: Transmission of Pollutant, Finite Volume Method, Severn River, Narew River, Dispersion
Routing



