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Abstract

1 Introduction

In recent years, typhoons and heavy rains have brought a large amount of sediment into
the reservoir from the catchment area, resulting in serious siltation of the reservoir and
greatly reducing the reservoir capacity. In order to ensure the function of existing
reservoirs and prolong the life of reservoirs, how to estimate the amount of sediment
discharge in the upstream catchment area of the reservoir and effective control of the
sediment movement mechanism in the upstream catchment area has been the focus of
research on the prevention of siltation in the current reservoirs and the sustainable
development of reservoir storage capacity.

The research object is the upstream catchment area of Shimen Reservoir. Firstly, the soil
water index is simulated by the Tank model to simulate surface runoff and subsurface
water content. Combining logistic regression to analyze the landslide potential, the
amount of landslide sediment and soil erosion. According to the surface runoff and the
amount of sediment production in the slope which simulated by the Tank model the
movement phenomenon of surface sand and debris flow is simulated to be used as the
inflow of river sediment. In order to provide the boundary, side inflow conditions of the
one-dimensional water transport mode, simulate Typhoon event, sand flow, erosion and
siltation. Finally, comparing all the simulation results of sediment discharge and the
measured data of the reservoir inflow to analyze the sediment inflow discharge in the
Shimen Reservoir.
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2 Materials and Methods

Shimen Reservoir (Fig. 1) is located in the upper reaches of Dahan stream, Taiwan, with
a total area of 766 km?, altitude from 135 m to 3,500 m. The slope of the catchment area
is dominated by 6 grades, the annual average rainfall is 2,370 mm and the rainfall is
concentrated on May every year. The area of research is from Hsiayun water level station
to Luofu Bridge. Through the collection of basic data, we estimated the amount of
landslide sediment and use hydrological model to estimate the inflow of river as the
boundary condition of flow and sediment transport model. The flow and sediment model


http://terms.naer.edu.tw/detail/1662273/?index=1

is used to simulate the sediment movement of the typhoon event, and comparing the
simulation results of the downstream (Luofu) sediment discharge and the measured data
of the reservoir inflow (Luofu) sediment discharge. The research process is shown in
Fig. 2.
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The numerical model were used in the catchment area includes the hydrological model of
upstream water flow discharge supply, the sediment production model of sediment
discharge supply and the flow and sedimen model of bed change. The model descriptions
are as following.

2.1 Hydrological model

The water tank model is a conceptual model simulating the movement behavior of runoff,
infiltration and seepage. Okada (2002) which divided the model into three layers, can be
regarded as the surface layer. The middle layer and the deep soil layer. The sum of the
water depths of the three layers is called the soil water index (SW1). Based on the tank
model, this study uses the Hsiayun water level station to verify the accuracy and correct
it by the coefficient of efficiency (CE) standard. The calculation formula is as follows:
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Where Qest is the flow discharge estimated by the model; Qobs is the observed flow
discharge, which is the average of the observed flow discharge. The CE value is closer to
1, it is shown that the simulation results were closer to the actual data and more precisely.

Figure 3(a) shows the calibration results of the Fanapi typhoon flow discharge in 20009,
which using the water tank model. There are good results in the simulated flood peak flow
and the flow change in the dewatering section, and the efficiency coefficient is 0.93.
Figure 3(b) shows the verification results of the Fanapi typhoon flow discharge in 2010.
The simulated and observed peak flow is quite close. There are still good simulation
results in the second half of the retreat, but there is a slightly overestimated phenomenon.
The overall simulation results are quite good with an efficiency factor of 0.90, so it can
be applied to estimate runoff and soil water index estimates.
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Figure .3: Results of hydrological analysis mode calibration, verification

2.2 Sediment production model

2.2.1 Landslide potential

The study uses logistic regression to assess the landslide potential and the soil water index
as a hydrological factor. Simulate the physical phenomena caused by pores or
groundwater pressure, and simulate the dynamic process of landslide. Put each parameter

that affects the landslide factor into the logistic regression, and calculate the coefficients
of each parameter to get the formula 2:

_exp(Logit(y))  exp(a-+byx +hbyx, +bx; +..) [2]
1+ exp(Logit(y)) 1+ exp(a+b,x, +b,x, +bx; +...)

Among them, P is the probability of occurrence of collapse, y is an independent variable,
Xi Is an explanatory variable, and bi is a regression coefficient.

Based on the multi-temporal (event-based landslide inventory), the 2004 Aere typhoon
rate model parameters, and then the 2005 Matsa typhoon to verify the success rate of the
collapse prediction. Finally, the accuracy of the landslide area was calibrated and verified



with the landslide area of ten typhoons. The AUC (area under curve) is 0.79; the simulated
AUC of the Martha Typhoon is 0.74, indicating that the model has acceptable explanatory
power (Fig. 4(a)). Figure 4(b) shows that this model simulates the new landslide areas of
the ten typhoon events and has a good performance. Based on the landslide probability
model, the spatial distribution of the maximum soil water index of Typhoon Aere in 2004
and Typhoon Matsa in 2005 can be used to calculate the prediction results of the collapse
probability of the two typhoon events, as shown in Figure 5.
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Fig.5: Typhoon collapse rate prediction results

2.2.2 Sediment production

From the analysis results of landslide potential, the location, size and quantity of landslide
in the catchment area can be obtained. In order to further evaluate the amount of slope
landslide, this study used the landslide volume-area relationship formula to estimate the
amount of hillside landslide sediment. The relationship is:

V, =0.458 x ALY -



Among them, V. is the collapse volume [m®]; AL is the collapse area [m?], and the
relational coefficient (R?) is 0.94, which means that the relationship has good
interpretation ability. The calculation of soil erosion is based on the Modified Soil Loss
Equation. The advantage is that it can simulate a single rainstorm event. The calculation
formula is as shown in Equation 4:

V, =118V, x Qp)0‘56 xK, xLSxCxP [4]

Vs is the amount of soil loss [tons]; Ve is the effective runoff [m®]; Qp is the peak runoff
[cms]; Km is the soil erosion index (tons x hectares x hours / 106 joules - mm - hectares);
Ls is the topographic factor; C is the coverage and management factor; P is the soil and
water conservation factor.

2.2.3 Sediment transport

Sediment transport on the slope has two phenomena: debris flow and runoff erosion. The
movement behavior of earth-rock flow is controlled by gravity factor, the behavior of
runoff scour is controlled by runoff, and the two are different sports behaviors. During
the typhoon, two kinds of sediment transport behaviors usually occur at the same time.
Therefore, when simulating the sediment transport, the effects of the two should be
considered at the same time. The following analysis of the analysis method of this study:

The slope runoff simulation is based on the simple runoff model of Ye (2003). Using the
numerical elevation model grid as the unit of calculation, a two-dimensional distributed
rainfall runoff model is established to provide the slope runoff of the slope soil and sand
migration to the river.

The surface scouring is based on Xie (1998) amendment to Takahashi’s (1981)
equilibrium sediment concentration formula. The sediment transport concentration under
various slopes is proposed, which is suitable for the estimation of sediment transport in
the upstream catchment area of mountainous areas.

The debris flow simulation is based on the fully laminar flow which developed by Jiang
(2010) and Hunt (1994).

2.3 Flow and sediment transport models in streams

This study uses the NETSTARS model to simulate the amount of sediment transported
in the Dahan stream upstream of the Shimen Reservoir.And using the 2015 cross section
data to simulate the 2008 Sinlaku typhoon and the 2009 Morakot typhoon. Deterring the
sediment discharge in the downstream Luofu (section 3) and the measured inflow
sediment discharge in the Shimen Reservoir. The comparison results are shown in
Figures 6(a) and (b). The error of peak sediment discharge is about 7%~15%, and the
change trend of sediment discharge is similar.
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Fig.6: Sand output rate determination, verification results

3 Results

The research is used the cross section measurement data as the initial bed in 2015,using
NETSTARS model to simulate Jangmi typhoon in 2008 and Soulik typhoon in 2013. The
boundary conditions are shown in Figure 7 and Figure 8. The comparison results of the
simulation results (Luofu) and the measured sediment transport data are shown in Figure
9. In general, the change trend of sediment discharge is similar. The error of peak
sediment discharge is about 12%~20%, and the sediment discharge in the retreating
section was underestimated slightly.
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Fig.7:  The boundary condition of Jangmi
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Fig.9: Simulation results of Luofu sand transporting volume and comparison results of measured sediment
yield in storage

4 Conclusions

(1) The soil water index is simulated by the Tank model to simulate surface runoff and
subsurface water content. Combining logistic regression to analyze the landslide potential,
the amount of landslide sediment and soil erosion.

(2) The landside probability model simulates the AUC of Aere typhoon is 0.79 and the
the AUC of the Matsa typhoon is 0.74, indicating that the model has acceptable
interpretation capabilities.

(3) The sediment production model simulates the migration of sediment by surface
erosion and earth-rock flow. Providing the boundary conditions of flow and sediment
transport models in streams to simulate the behavior of silt-sinking water.

(4) According to the Luofu (section 3) calibration and verification results of sediment
discharge. The error of peak sediment discharge is about 7%~15%, and the change trend
of sediment discharge is similar.



(5) Using NETSTARS model to simulate the Jangmi typhoon and the Soulik typhoon.
The error of peak sediment discharge is about 12%~20%, and the sediment discharge in
the retreating section is slightly underestimated.
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