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1D Numerical Model for Rivers Flows with Emergent Vegetations on
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Abstract

A 1D numerical model for steady flow, based on the energy equation, was developed for natural rivers
with emergent vegetations on floodplains and banks. The friction slope was determined by the friction law
of Darcy-Weisbach. The composite friction factor of the each cross section was calculated by considering
bottom roughness of the main channel and the floodplains, the flow resistance of vegetations, the apparent
shear stress and the flow resistance caused by the momentum transfer between vegetated areas and
non-vegetated areas. The interface friction factor caused by flow interaction was calculated by empirical
formulas of Mertens and Nuding. In order to verify the accuracy of the suggested model, water surface
elevations were calculated by using imaginary compound channels and the results of calculations were
compared with that of the HEC-RAS. The sensitivity analysis was performed to confirm changed friction
factors by vegetations density etc. The suggested model was applied to the reach of the Enz River in
Germany, and estimated water surface elevations of the Enz River were compared with measured water
surface elevations. This model could acceptably compute not only water surface elevations with low
discharge but also that with high discharge. So, the suggested model in this study verified the applicability
in natural rivers with emergent vegetations.

Keywords : vegetated channel, flow resistance, friction factor, momentum transfer, Mertens, Nuding
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Table 1. Differences Between the Method of Pasche(1984), Mertens(1989), and Nuding(1991)

Property Pasche | Mertens | Nuding
Applicable to simple concave channels with bank vegetation X O @)
Applicable to compound channels with floodplain vegetation (@) X O
Wake width and length affect the friction factor of the floodplain and the 0 X X
interface
Plant diameter affects the interface friction factor X O 0]
Iteration of the contributing main channel width O (0] X
Computation of submerged vegetation X X O
Contributing floodplain width related to the vegetation distances O X O
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Table 2. Cross—Section Parameters of the Enz River
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Table 3. Measured Stage—Discharges at each Cross—Section of Enz River

5 Water Surface Elevation at each Cross-Section (m)
Discharge (m’/s)
A(56.935 km) B(57.080 km) C(57.440 km) D(57.970 km)
35.00 (CASE 1) 243.11 243.21 243.81 245.00
76.00 (CASE 2) 243.60 243.66 244.30 245.45
181.0 (CASE 3) 244.25 24452 245.20 246.05
336.0 (CASE 4) 244.81 245.22 245.98 246.90
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