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(Purpose)
Kumamoto city is planning to improve the stormwater reservoir for flood control, as part of the flood
control project of Kasegawa River Drainage District 6, aiming at peak flow attenuation. The flow capacity
of the existing trunk line (canal) falls below the design flow rate (27. 1 m3/s) partly (7.78 m3/s at a
bottleneck). Therefore, the new system is designed to divert excess flow into the bypass trunk line with a
long inverted siphon structure (φ3,250 mm in diameter and 1,458 m in length) and siphon it into the
stormwater reservoir. The city is planning to use a side weir (fixed weir) as the diversion facility. However,
it is located downstream of a confluence of jet flows of three trunk lines. The weir must be designed to
withstand a turbulent flow and a jet flow. The bypass trunk line may gush out air or rainwater because of an
abrupt rise in water level and compressed air due to unstable flows, such as bore-like waves. In this
research, we have conducted an experiment using a hydraulic model of the diversion facility and the bypass
trunk line to verify the hydraulic functions and consider required changes on the design.
(Results)
(1) Diversion facility
We built a 1/12-scale model of the diversion facility (nine 5-m side weirs), the existing upstream and
downstream canals and the overflow channel from the side weirs. We examined the flow in the designed
structure and the functions. As a result, we found some problems of the side weir. The largest flow into the
existing trunk line was 10.1 m3/s, exceeding the capacity of the bottleneck. The diversion began when the
flow rate reached 2.5m3/s, which would increase the required capacity of the stormwater reservoir. As a
measure to deal with those problems, we proposed an improved design with (1) changed weir height and
(2) aiding structures (deflector and protrusion at the bottom of the canal). The improved design exhibited
better diversion characteristic. The diversion to the reservoir began at 4.0 m3/s and the largest flow into the
existing trunk line decreased to 6.64 m3/s, which was below the capacity of the downstream bottleneck.
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(2) Inflow facility
Because of a height difference of approximately 20 m between the existing trunk line and the new
bypass trunk line, the city is planning to use a spiral guideway drop shaft (φ2,800 mm in diameter × 2
units, hereinafter called DRS). When the trunk line is empty, all the flow goes down to the DRS. When the
water level is high, for instance, as high as water flows into the reservoir; the backwater may affect the
diversion facility. We therefore have proposed a structure that allows part of water to overflow the weir at
the front of the DRS. Based on the result of the functional verification by the hydraulic model experiment,
we decided to change the design of the flow inlet (change the location of the step at the DRS inlet) and the
design of the outlet (reduce the outlet pipe size and install it in opposite sides for upstream and
downstream).
(3) Entire trunk line
We verified the hydraulic functions using a model of the whole system from the overflow channel to the
inflow manhole including the DRS in the manhole, the entire bypass trunk line to be newly built, the
siphoning manhole and to the stormwater reservoir (scales of 1:16.25 in the cross-sectional direction and
1:22 in the flow direction). We observed abrupt movement of air and a gush of air in the inflow manhole
due to bore-like waves and a huge gush of air in the siphoning manhole due to air trapped and compressed
at the top in the pipe (see Figure 3).
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Figure 3 Gush of air in the manhole
(before change)
Making the most of JIWET’s findings in the past, we carried out reviews and trials. We decided to install
an air pipe of 600 mm in diameter both on the inlet and outlet sides at the top of the trunk line near the
manhole.
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