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Scaled Down Experiment of Retention Basin with a Rotatable Bucket Using 3D Printer
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Abstract

Recently climate change and urbananization have been increased surface runoff, resulting in flooding. Retention basins have been constructed to control
urban flooding by reducing peak flow rate. Recently, the retention basin plays a role in controlling combined sewer overflows (CSOs) as well as urban
flooding. In this study, the retention basin with a rotatable bucket was suggested and scale down experiments was performed for the optimum design of
the retention basin. Scaled down model was produced using a 3D printer after it was designed as law of similarity. Two times for operating a rotary bucket
is required to sweep out the sediments deposited on the bottom of the basin. Optimized dimensions for the retention basin were width of 5 m, height of
5 m, bucket radius of 0.5 m, and bottom slope of 5.0 %. It can be concluded that the results obtained from this study can be used to design the retention

basin with a rotatable bucket which does not require energy to operate.
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Table 1 Variables related to a rotatable type of retention basin
Parameter Abbreviation Dimension Etc.
Length of water basin L 200 m
Radius of water basin R 1.5 m
Height of water basin h 50 m
Distance between vertical wall and rotatable bucket w 0.5 m
Radius of rotatable bucket r 03m 04m 05m
Angle of rotatable bucket 0 /3
Slope of the bottom of water basin | 3%, 4% 5% r=05m
Width of water basin B 50m
Effective width of water basin b 46 m
Margin of water basin g 0.2m
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Fig. 2 Schematic diagram and experiment setup
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(c) Second cleaning process

Fig. 3 State of the sediment on the bottom of the retention basin depending on the cleaning process step (the radius of bucket: 0.5 m

and the bottom slope: 5.0 %)
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(a) Changeable radius (0.3~0.5 m) with the slope 5.0 %
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(b) Changeable slope (3.0~5.0 %) with the 0.5 m radius of bucket

Fig. 4 The total percentage of sediments left after cleaning processes

Slarsaalali=ry A5 AlRE, 2017 * 53



Aot ntebele] HAE Ha QA 5E HARI 2.0 %Hrh 2
3.0 %] 5.0 %744 Wb 7] A Hotgliz $ate] At
21 92 TASITH (Fig. 4b). AP AT A= Wak=
71 27]9] Wshrhs WsEo] olXEk Holglis §A1E
A5 Sl 22:35.0 % ol §Asfof ahehs 2
oF 4= Q1lek. webA] 2|52 Hhere] AR THE wzlo] o
of kb A4 2jo] A RS ofaie 4 qlgick B4
Hojoll iz F:0) ofaka] Bao] g Srebd AH EApRE

S4eoi] o8] fEEE AL oo - 2 4 gk o]
A9 AR vieo] NS 2s)y] Beks sldshs v
710] §75S el Wiagol] 2702 Gko] AABtolok 2 A
0% BQITh BT At A o] ol ofgk gAl0) w4
A (hydraulic jump)-& W= 2] kleh. 2540 Aolst
= ARA) Felis Zol S m, 017k m, wzle] viA e
0.5 m, XM= 5.0 %5 303 vioF 8 2 A5 20] 8o
o] L astehe, B ol A AASHE AR B ko,
A& 02 zste] A|sH 2 etk

f

v. 2 £

A 7F AL AR 7 AR E 2] o= 334 B Flo] £
2HE A FRE Aljbstaal stk 22 AAE $J5te] 3D 23
EE o] g3dto] 2A4nES ARSI, FAF olF AdES 4=
Yotk 419 22 L F-AFo|5-2 geometric, kinematic
12]31 dynamics AAPH21S LTSS E A FR 1Y
O] A|2F 9l A& =it AR AR Za} zo]7}
LI 5.0 m, 20]=20 mo|u, A729] Al E = viere]
AAtE 9 31A w7l o] 27]18 A Hth AR AYS Y
St Aol A7) A S Bl FA AL 21 o8-8}
Aok AYPAI A7 FA4 S5 = glo] dubyo=s
U BE FARS HAA| T, viEke] Fofo| A o] f45-2 7t
At Eoh 2 Ao 2 WA 9k T3 g o] Y2 =t
gof Q= HHAES BFAATS = glon g, Y= 243G
HAEH O 2 23] oA AlA|sh= Zlo] ettt XFH 0= A
OFsh= A 74 9] FEl= Zo] 5 m, 590|715 m, HZ]] 1]
520.5m, ZAR=5.0 %5 FHe} B3 A ES Sl A v
713} 7] Fof] x| 422] ¥ Afo] 9] 74250 cm o|4F H
Q3T AR A ARIE Z WO R A&4H0

= Q3] AXsH 2 F AT £ A A 8
A

il

¢

710] 22HEl AR 2] A A 712 Ao 34 A
© 2 ks, 23 4 o 1S REGRE Al AA Y] 2F
3jol et 712j<) A7 B Rt}

54 « Journal of the Korean Society of Agricultural Engineers, 59(2), 2017, 3

At B89 FAR7 ST e EAR ol A
ARLEH T (IHA| #15.2015000200001). T3F A2 tijst

4193 AR ) 2L o} g

REFERENCES

1. Allen, J., 1947. Scale models in hydraulic engineering. Longmans,
Green & Co Ltd. London.

2. Choi, H. G.,K. Y. Han, J. E. Yi, and W. H. Cho, 2012. Study on
installation of underground storage facilities for reducing the
flood damage. Journal of Korean Society of Hazard Mitigation
12(4): 115-123.

3. Einstein, H. and N. Chien, 1956. Similarity of Distorted River
Models with Movable Beds. Transactions of the American Society
of Civil Engineers 121: 440-462.

4. Henderson, F. M., 1966. Open-channel flow. Macmillan, New
York, 522 pp.

5. Han,M. Y., S. Y. Kum, J. S. Mun, and D. G. Kwak, 2012. The
Effect of Decentralized Rainwater Tank System on the Reduction
of Peak Runoff-A Case Study at M Village. Journal of Korea
Water Resources Association, 45(1): 65-73.

6. Kim, J. K. and I. H. Ko, 2006. Modeling of Discharge Cha-
racteristics of Combined Sewer Overflows (CSOs) from a Small
Urban Watershed in Daejeon City. J. of KSEE 28(6): 654-660.

7. Kim, L. H,, B. S. Lee, and S. Y. Kwon, 2005. Optimum Capacity
of Retention Basin for Treating Nonpoint Pollutants and Its
Removal Efficiency in Industrial Complex Areas. Journal of
Korean Wetlands Society 7(3): 75-85.

8. Kong, M. K., K. H. Bae, and W. Y. Kang, 2004. Optimal Sizing
of Intercepting Flow for Reducing Pollution Loads Causes by
CSOs. Journal of the Korean Society of Water and Wastewater
18(4): 418-424.

9. Lee,E.H.,, Y. S. Lee, J. G. Joo, and J. H. Kim, 2016. Development
of Operation in Urban Offline Detention Reservoirs. Journal of
Korean Society of Hazard Mitigation 16(1): 227-236.

10. Lee, J. H.,, Y. H. Song, and D. J. Jo, 2013. Determination of
Optimal Locations of Urban Subsurface Storage considering
SWMM Parameter Sensitivity. Journal of Korean Society of
Hazard Mitigation 13(4): 295-301.

11. Lee, K. Y., W. S. Choi, Y. J. Lee, W. S. Koo, and C. S. Song,
2012. Study on the determination of optimum size of storage
tank and intercepting capacity for CSOs reduction in urban
area. Journal of Korean Society of Water and Wastewater,
26(6): 735-745.

12. Maeng, S.J. and J. H. Hwang, 2015. Use of rainwater retention



14.

15.

basin for securing agricultural water to prevent drought. Rural
Resources, 57(4): 10-15.

. Novak, P. and J. Cabelka, 1981. Models in hydraulic engineering:

Physical principles and design applications. Pitman, London.
Park, S., 2008. Impact of the geochemical characteristics and
potential contaminants source of surrounding soil on contami-
nation of a reservoir in an island (The case of a reservoir in
Baengyeong island). Kwangwoon university, Department of
environmental engineering, A thesis for a doctorate.

Ryu, S. H. and J. H. Lee, 2012. Determination of Optimal

16.

locations and size of storage in the Urban sub-surface using
genetic algorithm. Journal of Korean Society of Hazard Mitigation
12(3): 285-290.

Stickler, A., 1923. Beitrage zur Frage der Geschwindigheits -
Formel und der Rauhigkeitszahlen fur Strome. Kanale und
Geschlossene Leitungen, (Some contributions to the question
of a velocity formula and roughess data for streams, canals and
closed conduits), Mitteilungen des Eidgenossischer Amtes fur
Wasserwirtschaft, Bern, Switzerland, No. 16g.

s getsherA AW ARE, 2017 - 55





