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Numerical Investigation of Transverse Dispersion in Natural Channels
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Abstract

A two-dimensional stream tube dispersion model is developed to simulate accu-
rately transverse dispersion processes of pollutants in natural channels. Two dis-
tinct features of the stream tube dispersion model derived herein are that it em-
ploys the transverse cumulative discharge as an independent variable replacing
the transverse distance and that it is developed in a natural coordinate system
which follows the general direction of the channel flow. In the model studied,
Eulerian-Lagrangian method is used to solve the stream tube dispersion equation.
The stream tube dispersion equation is decoupled into two components by the
operator-splitting approach; one is governing advection and the other is govern-
ing dispersion. The advection equation has been solved using the method of
characteristics and the results are interpolated onto Eulerian grid on which the
dispersion equation is solved by centered difference method. In solving the
advection equation, cubic spline interpolating polynomials is used. In the present
study, the results of the application of this model to a natural channel are com-
pared with a steady-state flow measurements. Simulation results are in good ac-
cordance with measured data.
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(a) Plan
Fig. 1. Curvilinear Coordinate System of Natural Streams
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Table 1. Summary of Transverse Dispersion Coefficient in Natural Streams
(After Lau and Krishnappan, 1981)

Reference W(m) | U(m/sec)| W/h f (E,(mz/sec) E/u'h| E/u'W | Sinousity
Yotsukura & Cobb(1972) [
Missouri River 183.0 1.74 66.7 | 0.014 | 0.101 0.50 | 0.0075 1.1
South River 18.3 0.18 46.2 | 0.220 | 0.005 0.29 | 0.0063 1.0
Aristo Feeder Canal 18.3 0.67 27.3 10.069 0.009 0.22 | 0.0082 1.0
LBemado Conveyance Canal 20.1 1.25 28.7 | 0.020 0.013 0.30 0.0106 1.0
| Beltaos(1978)
Athabasca below 373.0 0.95 170.0 | 0.028 | 0.092 0.75 | 0.0044 1.0
Fort McMurray
Athabasca River below 320.0 0.86 156.0 | 0.067 0.066 0.41 0.0026 1.2
Athabasca
North Saskatchewan River 213.0 0.58 137.0 | 0.152 0.031 0.25 0.0018 1.0
below Edmonton
Bow River at Calgary 104.0 1.05 104.0 | 0.143 | 0.085 0.61 | 0.0059 1.1
Beaver River near Cold Lake 42.7 0.50 44.6 | 0.062 | 0.042 1.00 | 0.0224 1.3
Sayre & Yeh(1975)
Missouri River below Cooper 234.0 1.98 59.1 | 0.015 1.110 3.30 0.0558 2.1
Generation Station L
Lau & Krishnappan(1981)
[Erand River below Kitchener 59.2 0.35 117.0 [ 0.314 | 0.009 0.26 | 0.0022 1.1
4 4
5[ «— Sn=2.1 5[ Sn=2.1 -,
= - -
T B2 Sn=13 a2y Sn=13
- , \/
1F ° 1t . N
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Fig. 4. Variation of Dimensionless Transverse Dispersion Coefficient
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Fig. 5. Study Reach of Grand River, Canada (After Lau and Krishnappan, 1982)
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Table 2. Hydraulic and Dispersion Data of Grand River, Canada

Secti Width Velocity Friction Velocity | Dimensionless Transverse Dispersion
ectl
ction (m) (m/sec) (m/sec) Coeff.
1 49.3 0.44 0.067
2 60.0 0.31 0.074 0.36
3 60.0 0.43 0.063 0.29
4 55.7 0.62 0.052 0.17
5 57.0 0.28 0.079 0.17
6 i 79.5 0.24 0.072 0.31
Average | 60.3 0.39 0.068 | 0.26
35 - 35
2 30| — VariableEz | 300
§25 - - ConstantEz | Pup—_— 25 L[
§ 20| -~ Measured Dana ‘ 20
ELsp— 151
10} 10&
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Fig. 6. Concentration Distribution in Steady State
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Fig. 7. 2-D Concentration Distributions
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