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Reduction of Rainfall Runoff by Constructing Underground
Storage Tank

ABSTRACT

In this study, reservoir routings for 1 hour-50 year precipitation frequency were carried out at the Engineering Water Fall and the
Amphitheater located at the downstream of Seoul National University Dam. Main analysis was focus on the following matters: (1)
storage amount by the tank; (2) reduction of the outflow and the peak water surface elevation; (3) change of phase lag time; and (4)
design of new boxes at the inlet and outlet of storage tank. As for the storage tank of 25,000 m’ built in the Amphitheater area, the tank
induced 49.43 % storage effect, 28 min. phase lag time, and reduced the peak outflow by 49.64 %. In addition, the peak water surface
elevation was lowered by 35 cm compared with that of 15,000 m’ storage tank. It is concluded that combined management of previous
storage facility and new underground storage tank would control the excessive rainfall runoff efficiently.

Key words : Reservoir routing, Underground storage tank, Reduction of outflow, Box design

3=

£ A7oME At ¥ shF 23173 93 FHEE foof AEARE IARE S0 Wl Z9-of) A5k A4A] 355218 sk A5t
AFE7F DA E A thero] ARl 238 gho] B4 S #ﬁ% %IEHI) Zi%iﬂ AR ) riEE 2 AT ARAE; 3) A
A X7 3} (4) A AR TR G2 A A, = AR 5900 25,000 m® AFEIF AR HE A9 F ] 2 olh] 49.43 %] A5

F7} PSRl 49.64 %] AT fF HaE e 2852
=

Xlﬂvm%ﬂ% FIHE AL gglon], AT 591 15,000 m® A Fzo H)s) 35
cm S YERG T 718 AFAE T a1 A sk R FE 98 B, 35 3 A 9 fr oA 2bEE fEEs BRHo s g &
= Aoz Fekdch

DAFA] FFFA, AR TR, FEEF L, 9 A
LAE
H o)d71Se] AT 7Pdod TR I8 SEvele] Ak SkshE A0, AU 543%] FolEaL AAEE

AA =olA|aL YT} (Green Growth K reag} Korea Meteorological Administration, 2011). Wapx] 7|&2] AYWEE Zi}sh=
Aot 22 Q) B A9 e} AAA &Ao] MAsiaL gtk FEsk mAIsle)] we) f-9e] BRLHe] FslaL &)
AFsHo| FHaro] 7o WE FF WEC] AR Aol AR A e dAS]e) wEl o] fgo] MR E HEke]

0
N
-
ofr
ﬁ—‘

(=9

Received September 6 2012, Revised November 10 2012, Accepted March 18 2013

Copyright © 2013 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




AetA Rz Al

gt o] ErEdaRie] ol M AEE & G
Ho| Z7|8lL 71A§-20] 7H481 "o} (Wanielistag} Yousef,
1992). o]&= &7 AP ARAE A ujste] o] kgt
ZF97} s - 2ol WE HET 3 BAE 35 73
A7t ARE Jrjgitl. wEps 7180l AAEo] $hd frA]
AR T AH] Fe] AEAQ1 Aot F Kt viekel tijie]
da3k Aot} (Lee, 2006).

SEATAVIE A A BE AFAA FrEE Z01T
o) B 715 AR SRANA 2 Al 2

B w8 TPdehke ARS olgit) o] Alde $5HiAIE §)
i 8 sl ofeke Aol MA|Eo] 71E
WAV S R FABRs el s A
o] Slrk wepk A W ARARE BA] ofg AR 94
7} 7Fedt B9l ARAR A fEke 2dsle] =
o BFY SR % =AE 855 WAk 9S sk
H Ak 34 E5lS B3 3 3lsh V)R dxEkaL glvk
(Lee, 2005). T2V & EAMRAe] $lRlE S8 AREE]
T AR A A S REES A ) = ot
AR ZFFE WARRE 83ke A 5 Qlrk B5 ARd] g
TS WIS B3 A a7 SelRd B3 slshke AHlRE
298 4 9lom, 22 Eof FaRtel tigk a7 =t Eoldel
ue} Feu 2 5o Ae8rRe] D8] S8kl glom,
55] AJsjol] A AFEe] - ARHE B9, =4 T WK
AR o188 = S Aol itk

Se] 9 2 AAPdel tigk e 1990 kT E]
ARFEI QLo AIRE-e] QAREARES Ageke Aot e
FESH A4 AAE % Weo] 5 o]FTk 2000
o] % FafiRle} S REe] Fade] RAEEA $FES A
Fapdol] #gk 2hagh o7} chdeA g EL Itk Yoon}
Lee(2001)2 #574]9] 7Hde ol-8ate] AbPgel A7+ 8-t
A7 W ARAle] Ho) 848 vla, ZAfete] A1RAl
A A AR EES PRk S AL, Lee 5(2004)&
SWMM R3S olgste] AA7I7HE A gt F55
Bofgt & ARG o] A7) AR BEEE AR
e AR 8o R sk WS ARSI Leedt
Kim(2008)- g8+ A5712] AAMIER] 501 W= 2]
thate] Al 712] 7P el AFAIE 9 Ul 21ele] $1xel
Adajete] AFAPE ke frolel WAl 9% B MsE
Fshor Estal, AFAe] YA we fEAdETtet
APl B A5 TSI Leest Kwak(2008):= #1574
T 9 FEES vl R AR, A, SRR A,
AFA] HHS 8] Sl AATE ol8ste] AFA] A

> ook

[e]

i ]

54
a8 du o

il
L N

928  Journal of the Korean Society of Civil Engineers

i

78S AABIECE Kim 5 (2010) SWMM 23S #8310
2003'd B W] ARgel] thet tig A Bikse] frEsiAls
AABIAL AJepATRS] - B &g we Rglel AdadE
B25199)k Ryust Lee (2012)= AskAfze] =] 75 upe
2 A9} 2 A SJsle] A YarelEs} SWMM
5.0 DLLS $AIER] At 787t 314 Ras A8kl A&
Zguieliirell H-gste] - AR g A Tl e 5E
AT o] AES AR AFA AAE Sl A5
A% 2 99X A SWMMEFS o] 43k f& 2o 5o
UG A= AR Ao, Sl B9 AFA FEAR
A A AR A7t e 2R o= A 74
ol AR 2y Hgale] PR AEA | B3 24
o FHE & ATE FET etk

e e e RS S A I e e
Fredol] AEARE 1ARE 500 BIE 2o thg A2 57521
AABIAL X452 0 2 A&FAFZ (Underground Storage Tank,
UST)7} Ax)s)= AS Aazo) AR $og2ae] A7
9 A 9 ARARE FE ] 538 248k, A

ASATES FET PG AT

2. 02X o1

2.1 X[eIHEx 2 2
WA U BEE A ), B A B xR

270) FI5isR A4, e AR sl B9l e
M} Bree) 55 54S Bolr, 42 550) A5 2ug
e W AR 58 4 olok w9 ) 559
sde ves) Bgse el Sl o 1 B9
el gkt b Wl 52 oA AR A gA Eold
e} s 203 B 20 8 FRE, 3| 78A1e} oA
BAre] 230 wet AdRe ARRe] B0 YRt (Lee, 2011;
Federal Highway Administration, 1985). 9= vljl5= 9FA<] A5
HAIE = Qe E5s 2% o] YR FriER BeRY
S50 WAL ool Fto] Zhgsto] el mlkto] ot
B2 dgakA] 53 Rl o3l ARl FAle] AAA Yo
HERE 5 SA7F 7R E Ao 71Ee] HEER] SEAl
Aok b B AqelMe e © @A) A AeRe] 35S
FABHEE aF3iek megk 9bAQ] A= 0.2% o) s do s
slal BAL] 33} niL 55 WAsk] Sl B f<50] 0.8-3.0
mise] WPk s Alsk glow] ) Bre ) 54
9] 80%7} H=5 HAskL 9loe 2 (Korea Expressway Cor-
poration, 2001) o]}e] ARMe Iejsle] MA o] wkadslgl)




_ 1 o
V=R, S (D

1
Q= ARs; @

=

$l 2eA Ve Hi 7% (w/s), ne Manning A, R,
(= A/ P T (), S& £ T BAH (m/m), Q=
= (m'fs), A BRI (m), P 2 Pk 2o
o] Fehl Sl FEe] Zoldd S (mye r|Rt: & AtelM
S ARgsle] A Uie] st s Aktst
g, Fef]l Sjujell Holul A|SA R WS
FE VR TS T Aew 4T

1

(o
(

X0 o ¥ rr
-

a

2.2 XX| FH

2452 (flood routing)S- BT A5AIE F3le] o)F
ke ()Y AR Ml B - E AR
SEATS Efste] digshe 478H 7IHoloh AR 34
(reservoir routing)2 -F-9JE54l, 27127, AFA E4 &
Z21Ao] Folxl 23X A ZRE] WREE FETEA
< APRlE HHolvk AFAIFA L e AR AFEAE
ol 83ty Yl digk &% A E9E sk Blolth
o] ZAE FUehe AR AT FEAAY Ao/t Erk
o]& ARt thek WskR] freke] o= Ve ol
B} 5574 Q9 Aol AFake] W3l As/Ate} 2k

Sle] Ak ke ARE 1] Atol thet Bt RS
W AR Wale Bk 7149 g Aoz Yelsha
ofehs} 2tk

4+14
2

At+ (Sl - %le): S, +%Q2At )

§] 52g olgsio] W SR WRTRe AEFERIE o]
STShRE IR, AR IRACTE AT, A5
o 53 BRF Q) 2Rk FARE Aol Baslek ¢ WA

A TR WA FAES o837 A FAIES vt 2
(Eagleson, 1970).

(1) 37 F9=F Ak (1/2)(4 + L) At

Q) 2Rk == A Y 57 Q& olgsi 5, —(1/2) @,

AtE AR
3) (1) W 2 (2) WHAle] A3E ol 8ajel 54 (4] Zpd
A

(4) AT AN ZRE 24 (4)9] 8, +(1/2) @At
sgsh= @ 24
(5) AFEFFFAZTE Qo iF 5, 24

by Sy, QyE TRy WIS 4, S5, QO] Al g sto]
FEFEA0] &8 dojd m7hA] fle] SEAE Hkedit
FAHS ke Igoln (1/2) (1 + L) Atz ARgslo] 2187}
AL Ao ER, ofs US| Siie Atg R3] 2 F

3. Y /9 R USX &Kl

3.1 tidRY

Agostal wet Azl Yl S5zl el B, 1,
ks Qb R, S B TR 5 AP ESe] 29EL
Uk =R R ool Uel 79 SR ARARl 9418
W, AR P47, sk A A ) 958 B
3 JrEaL, A gjell 2A) 23 d 5] vk A &
3 Wi} ol o4 mRHO R WREC Met) dobivwy
B} o 2 wigehe wilde) 5 ARl o 40 km'R
A fro] Ao oF 8% AXRICE o] F R BRE Fahhe
WA 027 k', =] AW BREo R FePhs wael
o 1.3 km’& XpA3ich (Figure 1(a). T} 71512 ol Ax]xo]
Qe 35 R e A, $4 BE A Figure 1(b)0] A=
2 UERTE B AT deRins ARA & 93 A
] 947 frgdehs W SH = d(Amphitheater) F-93)
FUlZ3E(Engineering Waterfall) £-21& X133l &% 3t
2 AANRE FRE 918 AsAFE] avke B

Vol.33 No3 May 2013 929



"

Bong-cheon
rainage
S

St
i 2
Dormitory ~

College of \ Collegeof %
& Humanities & Engineering S T
Waterfaly

Do-rim Stream

Do-rim Stream

(b) Rainwater discharge system

Fig. 1. Drainage areas and Rainwater discharge system in Seoul
National University (Seo et al., 2012)
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Fig. 3. Schematic diagram of installation of UST2 near Amphitheater
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Table 1. Reduction of rainfall runoff by constructing UST1 near Engineering Waterfall

Attribute Current state After the construction of underground storage tank
Waterfall Reservoir Waterfall Reservoir Underground Storage Tank
Dimension levee height 2.5 m levee height 2.5 m 70mx25mx6m
Accumulated inflow 29,457 m’ 29,457 m’
Peak inflow 15.2 m’/sec 5.72 m*/sec 9.48 m*/sec
Storage om’ 0m’ 10,500 m’
Accumulated outflow 29,457 m’ 18,957 m’ om’
Peak outflow 15.21 m’/sec 5.72 m’/sec 0 m*/sec
Storage ratio 0% 40.23 %
Reduction of peak outflow 0.0 % 62.4 %
Lag time 0 min. 4 min.
Peak water surface elevation 1.58 m 0.82m 5.64 m
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o] f=o] Ao, =] vhgde & Aol Figure e s B s dEE 5 ol AR T|dEn:
S()2] 33 o] Bttt o]e] w2} Table 29} o] 15,000 gk =3 fr ol A E AskA s QT A1l AA)H
m’ AFE7}F AR B F H0% o] 29.66 %] AFE} o] k= 7REe] vk riele] FES Bl T Thssiel dekt
7} IEHTL 2449 %e] AT S ghadale} 125e) AAARE  AZRE 2R3 Aoagl Sasie o 27 29w
S0 B2 s 5 Ioik E9 25,000 m’ AFET} AR 7T & Ao 7lvEth
78T U v 4943 %] AFEIL Skl 49.64 %
AT Aol 28 #o] AAARES FEE = 3lglen, 4.2 XoIMRx REUS A7 A
BT 9% 15,000 m® AFzol v]a) 35 cm S| LpERdTE. Rt F o =TE AR FEE ¢ T W Foe=T
Table 2. Reduction of rainfall runoff by constructing UST2 near Amphitheater
Attribute Storage tank - 15,000 m’ Storage tank - 25,000 m’
Dimension 60mx50mx5m 100mx*x50mx5m
Accumulated inflow 50,579 m 50,579 m’
Peak inflow 20.95 m’/sec 20.95 m*/sec
Storage 15,000 m’ 25,000 m®
Accumulated outflow 35,579 m’ 25,579 m’
Storage ratio 29.66 % 49.43 %
Peak outflow 15.82 m’/sec 10.55 m’/sec
Reduction of peak outflow 24.49 % 49.64 %
Lag time 12 min. 28 min.
Peak water surface elevation 6.51m 6.16 m
Table 3. Design of new box at inlet part of Engineering Waterfall
Attribute Classification Value Calculated by
Width (B) 3.0m
Height (#) 1.5m
Area (A) 45m’ A=BH
Wetted perimeter () 9.0m P=2(b+h)
Box dim.ension & Hydraulic radius (7, ) 0.5m R, =A/P
hydraulic factors
Length (1) 72m
Elevation change (Ah) 0.32m
Bottom slope (:5;) 0.004 S, = A/l
Roughness coeff. (n) 0.014
Velocity (V) 2.85m/s Manning eq.
Discharge ( Q) 12.81 m’/s Q=AV
Flow factors Design discharge (Q,) 10.25 m’/s @, =08Q
Peak discharge (@, 9.48 m’/s
Slope (.5;) criteria OK. S, >0.002
Check Velocity ( V) criteria OK. V<3.0m/s
Discharge (@,) criteria OK. &> Q,
Vol.33 No3 May 2013 933
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