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Introduction

The entry of sediments into the lakes of dams over many years and the sedimentation within the
reservoirs are inevitable phenomena, and it is expected that with the reduction of reservoir volume of
dams, planning for the exploitation of dams and water allocation for various issues such as
agriculture, industry, and drinking will become difficult (Ashrafi Vaghefi et al., 2008). Reducing the
volume of the reservoir will shorten the useful life of the dams, and any neglect of this issue,
especially in arid and semi-arid countries around the world, can be a serious threat (Emamgholi
Zadeh 2008). One of the most effective methods for sediment removal from reservoirs of dams is the
hydro suction method. In this method, the difference between the water level in the reservoir and
downstream is used as suction force for sediment transfer. In this method, using the minimum
volume of water, the maximum amount of sediment is discharged, saving costs (Chin et al., 2010).
Also, other advantages of this method can be environmental compatibility due to the controllable
amount of outlet sediments, low mud, the ability to concentrate dredging in one area, the ability to
transfer siphon dredging, the low cost of constructing and installing it, the ability to perform even in
low water seasons, the waste of less water, and non-interrupted operation. It seems that combining
hydrosuction and water jet methods, in addition to having the advantages mentioned, increases
sediment removal efficiency, which has received less attention from researchers. Therefore, in this
research, the effect of jet arrangement and hydraulic jet distance relative to the sediment surface on
improving sediment removal in the jet hydrosuction method has been studied.

Methodology

In order to investigate the effect of arrangement and hydraulic jet distance relative to the sediment
surface on the efficiency of the jet-hydrosuction method, a physical model was used, whose shematic
design is presented in figure (1).
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Fig. 1- Schematic design of the model

A non-cohesive, poorly granulated sediment (SP) with a density of 2.5 gr/cm3 was poured inside
the reservoir at a height of 15cm. The inlet suction tube was then set up vertically on the surface of
the sediment. After the jet pump started to work, sediments were separated and suspended by the
water jet. Then the vortex flow was created by opening the pipe outlet, and the suction tube acted as a
vacuum cleaner and drained all the sediments into it. In the present study, all experiments were
carried out at an inflow discharge of 1.85 L/S in both jet and jet-free modes (control). The control
test was performed in three effective heads (0.75, 0.7, and 0.65m). Also, jet experiments in a square
arrangement were performed with a jet flow rate of 1.03 m/s, three different distances of hydraulic jet
relative to the sediment surface (0.02 m above the surface of sediments, tangent to the surface of
sediments, and 0.02m below the surface of sediments), and three effective heads (0.75, 0.7, and
0.65m). Then, the sediment discharge efficiency and scour hole volume were calculated in this
treatment and compared with control and single jet samples, Which were previously done in the same
conditions (Moghbeli Mehni, 2017).

Results and Discussion

The results of this study showed that sediment discharge efficiency in the quadratic jet-hydro
suction method was increased in the jet square arrangement compared to the single-jet and control
samples, except in one case (effective head of 0.75m and jet distance of 2cm above the sediment
surface). The jet square arrangement makes the water jet dig up a wide range of sediment from the
bed and diffuse it into the space around the inlet of the suction tube. Also, for fixed effective heads
and hydraulic jet arrangements, reducing the hydraulic jet distance relative to the sediment surface
increased the sediment discharge and scour hole volume. The maximum efficiency (0.67%) was
observed at a 0.75 m effective head and a jet distance of 0.02 m below the sedimentation level. Also,
the ratio of scour hole volume increased in the quadratic jet tests. Scour hole volume in this
arrangement to control scour hole volume and the scour hole volume of a single jet sample were
calculated at 14.53 and 1.54, respectively.

Conclusion

In this study, the effect of arrangement and hydraulic jet distance relative to the sediment surface on
the efficiency of the jet-hydrosuction method was studied. The results showed that with a fixed
effective head and hydraulic jet distance in a square arrangement of jets, the sediment discharge
efficiency and sour hole volume were 17.18 and 14.53 times higher than the observed values in the
control sample and 1.52 and 1.51 times higher than the observed values in a single jet, respectively.
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In general, the best efficiency for discharge sediment was observed in the square arrangement of jets
with an effective head of 75cm and a jet distance of 0.02 below the sedimentation level.
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