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Abstract

Urban flooding due to rapid urbanization has recently become frequent. In this study, a hydraulic model experiment was conducted on
Shinwol rainwater storage and drainage system constructed for the first time in South Korea to prevent urban flooding. Experiments
were preformed for 55 scenarios, of which 19 overflows occurred. In addition, the video analysis for the scenarios where the overflow
occurred showd that the overflow occurred during the process of exhausting the pressurized air in the facility and the undular bore were
moving. Results of this study, it was judge that it would be advantageous to maintain a completely drained or full-pipe condition for
stable operation of the Shinwol rainwater storage and drainage system for continuous rainfall in the future. And it is necessary to
additional research on the correlation for the magnitude of inflow discharge, overflow and undular bore.
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Fig. 1. Facilities of deep tunnel system (Oh et a/., 2020)
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Table 1. Design conditions for experimental data of each part

(Oh, 2019)
Data
Design Condition of each part Original | Model
(m) (m)

Low Drop Shaft] | Diameter (D) 5.4 0.11
(LDS1) Height (H) 46.2 0.92
Inlet | Low Drop Shaft2 | Diameter (D) 54| 0.1
facility (LDS2) Height (H) 458  0.92
High Drop Shaft | Diameter (D) 5.4 0.11
(HDS) Height (H) 476| 0.95
Low Induction | Diameter (D) 5.5 0.11
Induction Tunnel Length (L) | 887.1| 17.74
Tunnel | High Induction | Diameter (D) 55| 0.1
Tunnel Length (L) 219.9 4.40
Main Tunnel Diameter (D) 10.0 0.20
(Storage & Drainage Tunnel) | Length (L) | 3,629.7| 72.59
Diameter (D 5.4 0.11

Exhaust | - gpafi (As) netet (D)
facility Height (H) 42.3 0.85
Diameter (D 7.5 0.15

Outlet | () et Shaft (08) oot )
facility Height (H) 39.8 0.80

Table 2. Scales for each variables of Froude similarity (Oh, 2019)

Exhaust faciliny
(A shaifi)

Variables Froude Similarity Scale
Length L, 1/50
Area L? 1/2,500
Volume L} 1/125,000
Time L' 1/7.07
Velocity L\ 1/7.07
Discharge L 1/17,677
Pressure L, 1/50
Manning’n LY 1/1.92
it sty

i g = 1000

L ep #0 D=
\ (paimn® L.:}._ﬁ_zf'-.'-'g"
R

e

Fig. 4. Concept of Shinwol rainwater storage and drainage system (Hyundai Construction & Engineering)
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Inlet discharge (A) Residual amount (B) (C) = [(A)+(B)]/2.78 m°
Scenario No. Condition No. Total inle‘g amount | el N, Total residu3a1 amount | (Ratio of total ISIOTLLl
(m’) (m’) of storage capacity)
P50-RO 0% RO 0.00 1.0
P50-R10 10% R10 0.28 1.1
P50-R20 20% R20 0.56 1.2
P50-R30 30% R30 0.83 1.3
P50-R40 100% of 100 mm / 1 hr 40% R40 1.11 1.4
P50-R50 (50yr. frequency of | P50 2.78 50% R50 1.39 1.5
P50-R60 Seoul) 60% | R60 1.67 1.6
P50-R70 70% R70 1.95 1.7
P50-R80 80% R80 222 1.8
P50-R90 90% R90 2.50 1.9
P50-R100 100% R100 2.78 2.0
P30-RO 0% RO 0.00 0.9
P30-R10 10% R10 0.28 1.0
P30-R20 20% R20 0.56 1.1
P30-R30 30% R30 0.83 1.2
P30-R40 90% of 100 mm / 1 hr 40% R40 1.11 1.3
P30-R50 (30yr. frequency of | P30 2.50 50% R50 1.39 1.4
P30-R60 Seoul) 60% | R60 1.67 1.5
P30-R70 70% R70 1.95 1.6
P30-R80 80% R80 222 1.7
P30-R90 90% R90 2.50 1.8
P30-R100 100% R100 2.78 1.9
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Table 3. Experimental scenarios (Oh, 2019) (Continue)

457

Inlet discharge (A) Residual amount (B) (C) = [(A)+H(B)]/2.78 m’
Scenario No. Condition No. | Total inletamount | .. | | Total residual amount (Ratio of total amount
: (m®) : (m®) of storage capacity)
P20-RO 0% RO 0.00 0.8
P20-R10 10% R10 0.28 0.9
P20-R20 20% R20 0.56 1.0
P20-R30 30% R30 0.83 1.1
P20-R40 80% of 100 mm / 1 hr 40% R40 1.11 1.2
P20-R50 (20yr. frequency of | P20 2.22 50% R50 1.39 1.3
P20-R60 Seoul) 60% | R60 1.67 1.4
P20-R70 70% R70 1.95 1.5
P20-R80 80% R80 222 1.6
P20-R90 90% R90 2.50 1.7
P20-R100 100% R100 2.78 1.8
P10-RO 0% RO 0.00 0.7
P10-R10 10% R10 0.28 0.8
P10-R20 20% R20 0.56 0.9
P10-R30 30% R30 0.83 1.0
P10-R40 70% of 100 mm / 1 hr 40% R40 1.11 1.1
P10-R50 (10yr. frequency of | P10 1.95 50% R50 1.39 1.2
P10-R60 Seoul) 60% | R60 1.67 1.3
P10-R70 70% R70 1.95 1.4
P10-R80 80% R80 222 1.5
P10-R90 90% R90 2.50 1.6
P10-R100 100% R100 2.78 1.7
P5-R0O 0% RO 0.00 0.6
P5-R10 10% R10 0.28 0.7
P5-R20 20% R20 0.56 0.8
P5-R30 30% R30 0.83 0.9
P5-R40 60% of 100 mm / 1 hr 40% R40 1.11 1.0
P5-R50 (5yr. frequency of | P5 1.67 50% | R50 1.39 1.1
P5-R60 Seoul) 60% | R60 1.67 1.2
P5-R70 70% R70 1.95 1.3
P5-R80 80% R80 222 1.4
P5-R90 90% R90 2.50 1.5
P5-R100 100% R100 2.78 1.6

Inlet, outlet, exhaust facility
1 Main and induction tunnel

Fig. 6. Location of setup in video cameras
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Status of occurred overflow at each drop shaft

Time at overflow

Scenario No. I Drop Shaft 1 (LDS1) | Low Drop Shaft 2 (LDS2) | _High Drop Shaft (HDS) (mm:ss) Overflow type
P50-RO Non-overflow Non-overflow Non-overflow 6:46 -
P50-R10 Overflow Overflow Non-overflow 6:13 Bore
P50-R20 Overflow Overflow Non-overflow 6:01 Bore
P50-R30 Overflow Overflow Non-overflow 5:25 Bore
P50-R40 Overflow Overflow Non-overflow 5:00 Bore
P50-R50 Overflow Non-overflow Non-overflow 4:46 Bore
P50-R60 Overflow Non-overflow Non-overflow 4:29 Bore
P50-R70 Overflow Non-overflow Non-overflow 3:37 Bore
P50-R80 Overflow Non-overflow Non-overflow 3:07 Bore
P50-R90 Non-overflow Non-overflow Non-overflow 2:47 -
P50-R100 Non-overflow Non-overflow Non-overflow 2:46 -
P30-RO Only storage Only storage Only storage - -
P30-R10 Non-overflow Non-overflow Non-overflow 7:00 -
P30-R20 Non-overflow Non-overflow Non-overflow 6:22 -
P30-R30 Non-overflow Non-overflow Non-overflow 6:08 -
P30-R40 Overflow Non-overflow Non-overflow 5:44 Bore
P30-R50 Overflow Overflow Non-overflow 5:05 Bore
P30-R60 Overflow Overflow Non-overflow 5:01 Bore
P30-R70 Overflow Non-overflow Non-overflow 4:13 Bore
P30-R80 Overflow Non-overflow Non-overflow 3:44 Bore
P30-R90 Non-overflow Non-overflow Non-overflow 3:05 -
P30-R100 Non-overflow Non-overflow Non-overflow 2:47 -
P20-RO Only storage Only storage Only storage - -
P20-R10 Only storage Only storage Only storage - -
P20-R20 Non-overflow Non-overflow Non-overflow 7:08 -
P20-R30 Non-overflow Non-overflow Non-overflow 6:33 -
P20-R40 Non-overflow Non-overflow Non-overflow 5:59 -
P20-R50 Overflow Non-overflow Non-overflow 5:19 Oscillation
P20-R60 Overflow No Clearance Non-overflow 5:00 Bore
P20-R70 Overflow Non-overflow Non-overflow 4:18 Oscillation
P20-R80 Non-overflow Non-overflow Non-overflow 3:54 -
P20-R90 Non-overflow Non-overflow Non-overflow 3:25 -
P20-R100 Non-overflow Non-overflow Non-overflow 3:13 -
P10-RO Only storage Only storage Only storage - -
P10-R10 Only storage Only storage Only storage - -
P10-R20 Only storage Only storage Only storage - -
P10-R30 Only storage Only storage Only storage - -
P10-R40 Non-overflow Non-overflow Non-overflow 6:47 -
P10-R50 Non-overflow Non-overflow Non-overflow 5:22 -
P10-R60 Overflow Non-overflow Non-overflow 5:17 Oscillation
P10-R70 Overflow Overflow Non-overflow 4:29 Bore
P10-R80 Overflow Non-overflow Non-overflow 3:43 Oscillation
P10-R90 Non-overflow Non-overflow Non-overflow 3:25 -
P10-R100 Non-overflow Non-overflow Non-overflow 2:51 -
P5-R0O Only storage Only storage Only storage - -
P5-R10 Only storage Only storage Only storage - -
P5-R20 Only storage Only storage Only storage - -
P5-R30 Only storage Only storage Only storage - -
P5-R40 Only storage Only storage Only storage - -
P5-R50 Non-overflow Non-overflow Non-overflow 5:43 -
P5-R60 Non-overflow Non-overflow Non-overflow 5:39 -
P5-R70 Non-overflow Non-overflow Non-overflow 4:27 -
P5-R80 Non-overflow Non-overflow Non-overflow 3:55 -
P5-R90 Non-overflow Non-overflow Non-overflow 3:44 -
P5-R100 Non-overflow Non-overflow Non-overflow 3:04 -
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