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ABSTRACT 
 
In recent years, the issues related to sustainable active storage and 
water resources of the existing reservoirs are essentially important. 
Based on world reservoir survey data in 2007, the loss of reservoir 
storage regarding sedimentation was higher than the increase of 
reservoir capacity by construction and modification. Therefore, the 
reservoir sediment management is a vital issue in the world. Reservoirs 
in Taiwan encounter seriously sedimentation problem due to abundant 
sediment yield production in the watershed during typhoon event. The 
upstream river flow carries large amount of sediment from the 
watershed during floods. To mitigate the sedimentation problems in the 
Shihmen reservoir, a series of desiltation measures have been 
conducted to slow down sedimentation and sustain the life of Shihmen 
reservoir. However, operation of releasing sediment from reservoir 
should increase the suspended solid concentration of downstream river. 
The impact on public water supply and downstream river bed are 
needed to be investigated. The 1D model, NETSTARS model, is 
employed to simulate the impacts of downstream river during sediment 
releasing operation of the Shihmen Reservoir in this study. The 
NETSTARS model, is a mobile bed model consisting of hydraulic 
routing and sediment routing. Suspended load and bed load are treated 
separately in sediment simulation. In this study, the Typhoon Soulik in 
2013 is selected for model calibration and verification. The venting 
tunnel at the powerhouse was operated for the first time during 
Typhoon Soulik in 2013. Abundant sediment was released by 
desiltation operation through the outlet of the venting tunnel into the 
downstream river. Based on the measured data, the suspended sediment 
concentration evolution in downstream river reach are simulated. The 
results of the presented study can provide the information of 
downstream impact and develop an estimated numerical model for 
reservoir sedimentation management. 
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INTRODUCTION 
 
In Taiwan, there are two major nature hazards always affect the 
hydrological and geological condition. One is earthquake and the other 
is Typhoon. Earthquake-triggered landslides in mountainous areas 

accompany with heavy rainfall could supply large amount of sediment 
to river basin. Sediment produced in upper basins may not immediately 
deliver to lower basin owing to river aggradations. However, still great 
part of sediment can be transported and deposited in downstream river 
particularly during extreme rainfall events, which could generate 
turbidity current into a reservoir (Lee .et al., 2014, Kantoush et al., 
2010]. In 1999, Taiwan suffered from an earthquake which magnitude 
reaches 7.3 Richter magnitude scale. After that earthquake, the soil and 
rock of the mountainside were collapsed. Therefore, when typhoon or 
heavy rainfall occurs in Taiwan, the watershed may generate huge 
amount of sediment yield. And, the land development in the watershed 
would accelerate soil erosion. As sediment moves into a reservoir, 
deposition occurs due to decrease of velocity and makes storage of 
reservoir decrease [Tan et al., 2011].  
 
Typhoon Aere in 2004 attacked northern Taiwan. Flood-induced high 
sediment concentration more than 200,000 Nephelometric Turbidity 
Unit (NTU) was measured in the Shihmen reservoir. In the case of 
2009 Typhoon Morakot attacked southern Taiwan, the inflow sediment 
concentration was more than 0.2106 ppm during peak flow and 
caused about 90106m3 sediment deposited in the Tsengwen reservoir. 
Total amount of the deposition in this event was more than 20 times 
annual value. The accumulative rainfall was more than 3,000mm within 
3 days [South Region Water Resources Office, 2013]. Therefore, to 
deal with serious sedimentation in the Shihmen and Tsengwen 
reservoirs, specific budgets were granted by the central government of 
which the Water Resources Agency has been appointed to execute 
desiltation projects since 2006. The desiltation strategies were urgently 
needed for sedimentation problems, spatially in Shihmen reservoir. In 
2013, the venting tunnel at the powerhouse of Shihmen reservoir was 
operated for the first time during Typhoon Soulik. After venting tunnel 
at the powerhouse was implemented in 2013, morphological impact 
ofriver below the Shihmen dam was also investigated [Lai et al., 2015, 
Lee et al., 2015]. 
 
Therefore, the Typhoon Soulik event is selected for downstream impact 
investigation of released sediment from reservoir desilting operation in 
this study. The simulation area of downstream river started from 
Shihmen dam to the Yuanshan weir. The total length is about 16,440 m. 
Fig. 1 shows the average bed elevation from 1969 to 2014 of Dahan 
River between Shihmen dam to the Yuanshan weir. In Fig. 1, it shows 
that river bed variation concentrates near the backwater area of 
Yuanshan weir. In addition, based on field survey of grain size in study 



 

area [Northern Region Water Resources Office, 2014], the d50 is ranged 
from 10mm to 360mm and classified to sand and gravel material. 
Regarding to the sampling of suspended material at Daxi Bridge, the 
d50 is ranged from 0.00008mm to 0.06mm. Therefore, the sediment 
transport material is different between bed load and suspended load. 
However, the impact of downstream river bed of released sediment 
from Shihmen reservoir classified to silt and clay material. 
 

 
Fig. 1 Longitudinal bed profiles in various years along the thalweg in 
the Dahan River 
 

 
Fig 2. Mean grain size of sediment deposition at selected cross sections 
 

 
Fig 3. Mean grain size of suspended sediment at Daxi bridge 

 
Fig 4. Sketch of study area 
 

 
Fig 5. Hydrograph of outflow discharge and sediment yield of Shihmen 
reservoir 
 
SITE DESCRIPTION 
 
The Shihmen reservoir has a natural drainage area of 762.4 km2 (Fig. 4). 
It is formed by the Shihmen dam located at the upstream reach of the 
Dahan River flowing westward to the Taiwan Strait. The Shihmen dam 
completed in 1963 is a 133 m high embankment dam with six spillways, 
one bottom outlet, two power plant intakes and two flood diversion 
tunnels. The elevations of the spillway crest, bottom outlet, power plant 
intake and flood diversion tunnel are EL.235 m, EL.169.5 m, EL.173 m 
and EL.220 m, respectively. The design discharge of six spillways, one 
bottom outlet, two power plant intakes and two flood diversion tunnels 
are 11,400 m3/s, 34 m3/s, 137.2 m3/s and 2,400 m3/s, respectively. With 
a design water level of EL.245 m, the reservoir pool has 16.5 km in 
length and the impounding area of the water has 8.15 km2. The initial 
storage capacity was 0.31109 m3, and the active storage was 
0.25109 m3. In Shihmen reservoir, the modification of the existing 
powerhouse penstock as a venting tunnel for venting the turbid water 
was a major project task to improve the sluicing capacity of sediment 
yield. One of the two penstocks at the powerhouse was modified in 
2012 (Fig. 4). It was operated for the first time during Typhoon Soulik 
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in 2013 to release abundant sediments to the downstream river. The 
Hydrograph of outflow discharge and sediment yield of Shihmen 
reservoir during Typhoon Soulik as shown in Fig. 5. It includes two 
stages of sediment releasing operation within this event. The first 
sediment releasing operation during the flood control duration and the 
second sediment releasing operation during the recession period of 
outflow discharge hydrograph. 
 
METHODOLOGY 
 
The NETSTARS model solves the nodal point problem as same as 
CHARIMA model [Lee and Hsieh, 2003]. The node is assumed to be a 
virtual section that could not accumulate water and sediment. The 
allocation of link discharges at a node is considered in proportion to the 
discharges resulted from previous time step, and the sum of link 
discharges is assumed to be zero at a nodal point. The allocation of the 
suspended load at the node is assumed to be proportional to the 
allocations of the flow discharge, and the net flux of the suspended 
sediment due to longitudinal dispersion is assumed to be zero at a nodal 
point. 
 
The NETSTARS model adopts some good ideas of CHARIMA and 
GSTARS models [Holly et al., 1985, 1990] to develop a powerful tool 
for resolving the problems of unsteady sediment process in a channel 
network. Since the NETSTARS model is a 1-D model, secondary 
current and local scour can’t be simulated. But, the transverse bed 
evolution can be computed due to using the stream tube concept. 
Considering the tube boundary for satisfying equal conveyance 
requirement across the channel, the transverse bed evolution can be 
estimated. In addition, adding transverse transport term into the 
convection-dispersion equation, the suspended load would be simulated. 
The governing equations and solutions are written as follows: 
 
Conservation of mass 
 
For most of the water profile computations, NETSTARS uses the 
energy equations 
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Where z = bed elevation; y = water depth; α = velocity distribution 
coefficient; ht = total energy loss between section 1 and 2; and 
subscripts 1 and 2 denotes sections 1 and 2, respectively. The 
governing equations for flow continuity are discretized as same as 
backwater computation of GSTARS model. 
 
Conservation of sediment mass 
 
The governing equations include a sediment continuity equation, a 
sediment concentration convection-dispersion equation and a bed load 
equation. The Rouse number W/κu* , where W = sediment fall 
velocity , κ= Von Karman's constant and u* =shear velocity, is used to 
distinguish between bed load and suspended load. Particles with W/κu*
＞5 are treated as bed load and particles with W/κu*≦5 are treated as 
suspended load. The sediment continuity equation is given as: 
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Where Qb = bed load transport rate in stream tube; qt = flow discharge 
in stream tube; Ck = depth-averaged concentration of suspended 
sediment of size fraction k in stream tube. The difference equation of 
the sediment continuity equation for every size fraction, i.e., Eq. (2), is 
shown as 
 

)2)(1(
4

11 −+ ++−
∆−

=∆
iii

ki PPPp
tZ



















∆+∆

∆−−+−

−

−
=

−
=

∑∑
2/)(

)()(

1

1
1

1
1

ii

islkibkibki

Nsize

k
ik

Nsize

k
ik

xx

xqQQqCqC  
(3) 

 
Convection-Diffusion Equation 
 
The concentration Ck is calculated using the convection-diffusion 
equation shown as: 
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Where kx and kz = longitudinal and transverse dispersion coefficients; 
At = area across stream tube; h = flow depth; Sk = source term of 
suspended sediment of size fraction k; and incrC  = source term 
increasing rate of suspended sediment of size fraction k. The equation 
for suspended sediment movement is calculated by Holly-Pressimann 
two-point four-order scheme, and T scheme. 
 
RESULTS 
 
The hourly comparison of simulated sediment concentration and 
measured data are presented in Fig. 6 and Fig.7. The sediment transport 
formula of Wilcock and Crowe (2003) is selected to simulate the bed 
load movement and convection-diffusion equation is adapted to 
simulate suspended load transportation in this research. Two stages of 
sediment releasing operation during Typhoon Soulik in 2013 are both 
investigated. Fig. 6 shows the comparison of sediment concentration 
during first reservoir desilting operation and Fig. 7 shows the second 
reservoir desilting operation at Yuanshan weir. It indicates that the 
adapted NETSTARS model can describe the sediment concentration 
hydrograph and catch the peak sediment concentration during the event 
duration. Based on the operational hydrograph in Fig. 5, the released 
sediment yield during flood duration is larger than recession period.  
However, the sediment concentration of second reservoir desilting 
operation is larger than the first one at Yuanshan weir. The reason is the 
water level controlled by Yuanshan weir are different during the first 
and second reservoir desilting operation. The water level keeps on high 
elevation during the first reservoir desilting operation and empty the 
storage of Yuanshan weir during the second reservoir desilting 
operation. Therefore, the sediment deposited along the river bed could 
be suspend and increase the sediment concentration. The Fig. 1 shows 
the major river bed variation area happens around backwater area due 
to the water level changing. This is the indirectly evidence to explain 
the performance at Yuanshan weir owing to sediment releasing 
operation of Shihmen reservoir. Although the sediment concentration at 
second reservoir desilting operation reaches about 200,000 ppm, the 
duration of high sediment concentration (more than 50,000 ppm) is 
only about 4 hours and decreasing rate of sediment concentration is 
very fast. It means the sediment concentration of row water can recover 
to the acceptable value of public water treatment by such strategy of 
empty the storage of impounding area. 
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Fig. 6 Comparison of sediment concentration at Yuanshan weir during 
first reservoir desilting operation of Shihmen reservoir 
 

 
Fig. 7 Comparison of sediment concentration at Yuanshan weir during 
second reservoir desilting operation of Shihmen reservoir 
 
CONCLUSIONS 
 
In this study, the 1-D model, NETSTARS model, is employed to 
simulate the impacts of downstream river during sediment releasing 
operation of the Shihmen Reservoir. The sediment transport formula of 
Wilcock and Crowe (2003) is selected to simulate the bed load 
movement and convection-diffusion equation is adapted to simulate 
suspended load transportation. Owing to the venting tunnel at the 
powerhouse was operated for the first time during Typhoon Soulik in 
2013. Abundant sediment was released by desiltation operation through 
the outlet of the venting tunnel into the downstream river. Two stages 
of sediment releasing operation during Typhoon Soulik in 2013 are 
both investigated. Based on the measured data, the suspended sediment 
concentration evolution in downstream river reach are simulated. 
According to the comparison of sediment concentration at Yuanshan 
weir during the first and second reservoir desilting operation of 
Shihmen reservoir, the adapted 1-D numerical model can appropriately 
describe the sediment concentration hydrograph and catch the peak 
sediment concentration during the simulation duration very well. Due 
to the water level controlled by Yuanshan weir are different during the 
first and second reservoir desilting operation of Shihmen reservoir, the 
sediment concentration at Yuanshan weir of second reservoir desilting 
operation is larger than the first one. However, the duration of high 
sediment concentration (more than 50,000 ppm) is only about 4 hours 
and decreasing rate of sediment concentration is very fast. It means the 

water turbidity of Yuanshan weir can reduce water turbidity lower than 
6,000 Nephelometric Turbidity Unit (NTU) that water treatment plant 
can deal with after empty the storage of impounding area. Therefore, 
the results of the presented study can provide the information of 
downstream impact and develop a suitable numerical model for 
reservoir sedimentation management issues.  
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