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Abstract

Tien-Hao Chang
Jiun-Huei Jang

Department of Hydraulic and Ocean Engineering, National Cheng Kung University

SUMMARY

Flood simulation is an important reference for the disaster prevention in urban area. In this
study, a coupled flood model based on shallow water equations is adopted to simulate the
one-dimensional sewer flow and two-dimensional overland flow in urban areas
simultaneously. Different momentum equations including diffusion wave, local inertial
wave, and dynamic wave are employed to discover the influence of inertial forces in
overland flow model and sewer flow model. The simulation results were compared with a
high-intensity rainstorm event that occurred on June 12th in 2012 in Taipei City. In the
verification of the maximum flood extent, the sewer flow models based on diffusion wave
perform the worst due to the ignorance of sewer flow inertia in pipes with adverse slopes.
The models using dynamic wave and local inertial wave show similar results whereas the
former performs slightly better in predicting the depth and extent of flooding. The
convective inertial term becomes trivial because the increase in flow cross-sections and the
decrease in flow velocity canceling out each other. The influence of different momentum
considerations in the overland flow model is insignificant on flood extents in comparison
with those in the sewer flow model because . The results show that the simplification of
momentum equations in sewer flow model has a negative influence on flood simulation
accuracy.

Key words: inertial force, overland flow, sewer flow, shallow water equation
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INTRODUCTION

Under global climate changing, typhoons and heavy rainfall occur more frequently in
Taiwan. The simulation of flood scenarios for extreme rainfall is increasingly important as
a basis for constructing flood warning systems and disaster prevention strategy in urban
areas. Flood simulation in urban areas is more complicated because it needs to consider the
overland flow under the influence of the drainage system. In the past, in order to reduce the
computational cost while maintaining acceptable accuracy, many flood models are
constructed based on simplified forms of shallow water equations by neglecting the inertial
force terms. In order to understand the influence of inertial forces on urban flood
simulation, this study adopted a coupled flood model which uses sewer flow model and
overland flow model based on diffusion wave, local inertial wave and dynamic wave,
respectively. The simulations were compared and verified with two historical flooding

events in the Taipei City in 2012.

MATERIALS AND METHODS

A coupled flood model based on shallow water equations is adopted to simulate the
one-dimensional (1D) sewer flow and two-dimensional (2D) overland flow simultaneously
in this study. First, the coupled flood model estimates the rainfall excesses by input the
rainfall and land use data. Second, the time step At is employed to initiate the 1D sewer
flow model and the 2D overland flow model simultaneously for determining the velocity
and flow depth, respectively. Third, the flow exchange rate between the sewer flow model
and overland flow model is calculated and introduced into the sewer flow model and
overland flow model for updating the flow depth. Finally, the whole process is repeated
until the simulation time is over. The water exchange approach that simplifies the drainage

system and infers that the surface water directly drains into the sewer system through
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manholes and water inlets. Different momentum equations including diffusion wave, local
inertial wave and dynamic wave are employed to discover the influence of inertial forces in
sewer flow model and overland flow model, respectively. Diffusion wave ignores the local
inertial term and convective inertial term of momentum equation; local inertial wave
ignores the convective inertial term of momentum equation and dynamic wave model

considers complete momentum equation.

RESULTS AND DISCUSSION

The model using diffusion wave show the worst performance in the verification of the
maximum flood extent. The models using dynamic and local inertial wave equations show
similar results whereas the latter performs slightly better in predicting the depth and extent
of flooding. The performance of the flood models in simulating the flood extents are
quantified by the performance indicators, as shown in Table 1. Under the same sewer flow
models, the performance indicators for the cases with different overland flow models are
similar. However, under the same overland flow models, the hit rates with dynamic wave
sewer flow models are better than those with local inertial wave sewer flow models. The
flow rate and local inertial term of dynamic wave sewer flow model show different
patterns because the convective inertial term has a considerable influence on the flow
momentum in sewer pipes. The results show that the dynamic wave model is more

accurate than the local inertial model for flood simulation.
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Table 1. Performance indicators

Overall
0612 Event Hit rate False alarm rate
correctness rate

Diffusion wave OFM/

0.88 0.66 0.11
Diffusion wave SFM
Local inertial wave OFM/

0.89 0.48 0.10
Diffusion wave SFM
Dynamic wave OFM/

0.88 0.59 0.11
Diffusion wave SFM
Diffusion wave OFM/

0.94 0.19 0.05
Local inertial wave SFM
Local inertial wave OFM/

0.94 0.15 0.05
Local inertial wave SFM
Dynamic wave OFM/

0.93 0.16 0.06
Local inertial wave SFM
Diffusion wave OFM/

0.94 0.28 0.05
Dynamic wave SFM
Local inertial wave OFM/

0.93 0.24 0.06
Dynamic wave SFM
Dynamic wave OFM/

0.94 0.23 0.05
Dynamic wave SFM
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Overall
0616 Event Hit rate False alarm rate
correctness rate

Diffusion wave OFM/

0.82 0.76 0.17
Diffusion wave SFM
Local inertial wave OFM/

0.78 0.76 0.22
Diffusion wave SFM
Dynamic wave OFM/

0.77 0.81 0.23
Diffusion wave SFM
Diffusion wave OFM/

0.91 0.18 0.06
Local inertial wave SFM
Local inertial wave OFM/

0.90 0.20 0.08
Local inertial wave SFM
Dynamic wave OFM/

0.89 0.23 0.09
Local inertial wave SFM
Diffusion wave OFM/

0.90 0.35 0.08
Dynamic wave SFM
Local inertial wave OFM/

0.90 0.27 0.08
Dynamic wave SFM
Dynamic wave OFM/

0.89 0.30 0.09
Dynamic wave SFM

Note : OFM = Overland Flow Model, SFM = Sewer Flow Model.

CONCLUSION

The results of flooding simulation using diffusion wave, local inertial wave and dynamic

wave are different. The diffuse wave sewer flow model tends to overestimate the water

VI
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exchange between sewer and surface because the neglect of inertial forces. As large
amount of water flows into the downstream sewer pipes, the downstearm water level raises
quickly.. Because the sewer flow is determined only by hydraulic heads in diffusion wave
sewer flow models, the backwater occurs when the downstearm water level becomes
higher than the upstearm one. This rapid transition of flow directions results in
underestimation of overall flow discharges in sewer pipes. The simulations between local
inertial wave and dynamic wave sewer flow model are similar. The importance of the
convective inertial term increases when the flow cross-sectional area of the sewer

increases.

VI
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