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ABSTRACT

The Hydrological Characteristics by LID Application for

Recovery of Urban Function

Jeon, Seong In
Advisor : Prof. Kim, Woon Joong, Ph. D.
Department of Civil Engineering

Graduate School of Chosun University

The management of urban stormwater has become increasingly complex
over recent decades.

Korea is experiencing a very rapid process of urbanization, which brings
adverse impact on the water environment. As a result, urban runoff
quantity and quality control has emerged as a key concern for municipal
officials. One of the strategies for mitigating the impact of urbanization is
the use of LID for urban stormwater runoff quality and quantity control.
Before implementing the various BMPs, however, it is important, and
necessary, to find the most cost-effective selection, design and placement of
BMPs. Consequently, terminology describing the principles and practices of
urban drainage has become increasingly diverse, increasing the potential for
confusion and miscommunication.

This thesis includes history, scope, application and underlying principles
of terms used in urban drainage and provides recommendations for clear
communication of these principles.

Urbanization can significantly affect the hydrologic cycle by increasing

— vil —
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flood discharge and heat flux. In order to mitigate these modifications in
urban areas, Low Impact Development(LID) technique has been designed
and applied in Korea. In order to estimate runoff reduction rate using
SWMM LID model, the characteristics of five LID techniques was firstly
analyzed for water balance. Vegetated swale and green roof were not
reduce flood discharge nor infiltration amount. On the other hand, porous
pavement and infiltration trench were captured by infiltration function. The
flood reduction rate with LID is substantially affected by their structures
and properties, e.g., the percentage of the area installed with LID
components and the percentage of the drainage area of the LID components.
The objective of this thesis is to let authority and public recognize the
fundamental reason of this problem and at the same time realize the

benefits of LID.
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40% Evapo-Transpiration 38% Evapo-Transpiration

10% runoff

25% Shallow

<§r?~ 25% Deep 21% Shallow Qa:} 21% Deep

Infiltration = Infiltration Infiltration = Infiltration
Natural Ground Cover eesssssm) | 10-20% Impervious Surface
35% Evapo-Transpiration 30% Evapo-Transpiration

o % Shallow
15% Deep 10% b .8
Infiltration Infiltration =55

35-50% Impervious Surface =) 75-100% Impervious Surface

20% Shallow .o

5% Deep
Infiltration E2

Infiltration

8 241 25432 ¢t S4X1(US EPA, 2015, 2008)

URBAN HEAT ISLAND PROFILE

33.5
325
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30.5
295
Temp
cotofre: o lllin . cor oo rore
Rural Commercial Rel;i.t’:it?n%al F?;s?gégggl
Rse”s?é’;gggl Downtown Park

g 2.2 EX0IZ20 2 259 B3l (Dwivedi and Khire, 2008)
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Design Guidelines for
Subsurface Infiltration
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Qj+l,n+l At W( j+17n+1) +
t

(1—w)
- WI,‘A]‘+1‘H] t

m (Qj+1,n - Qj,n) - QjA,TL*Fl =0 (324)
o7|A, HAF g, 45 FALeR FHEHE, G e 2] (325)9 2} od
A5 WA o] g F o)t}
s A
A* = vy (3.25)
B, A FE 4 (32603 2k g WHAle] ol
. _ Q@ 3.26
Q Q, (3.26)
2] (3.25), (3.26)% o]g3ato] 2] (324)¢] ez W3 A 7™, 4] (327)°] Hu}.
Qirnr T CL Afyy iy + G=0 (3.27)

A71A, ol A% A (3209 BT dehd u WA% fFe G Ve
1,4 B20A @2 el R, oo AFEe e

2ol xd

5}
2

_ Ax WA,
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G = & W, Q (A=W (A, — A )= W, Al ]
1-w, . ) )
o (@~ Q)= Qi (3.29)
t
A7A, oLc, B 2 AMAZIAIA A1 gkel ) Al (32Dl A e m A e
WAoo BAAE mdetel T 4 Atk F, A, TN 5EE QPSR T

Aol Manning 3404 /g% a/4,3r] b B8 AREch wheba oA
Q % 4av A 32N ¥ FA9 FE2FUH(Q/Q— A/4)BAZNE 1 37 A
ot

a8, o] AR sl st AARAS AMEelR doern= SREHFH daad
(Downstream backwater effect)E L& &}A] E3gtt}, wpeba] ol sk 499 A S
=537 st vty HHS =Ysith S, Qf%k% T w ARE-E = v AL

S, St Venant® A A4l -7k te &5 A=t vhge) A4 B30 e

° oh
(%) +tg - =98 -5) =0 (3.30)

£, 714 g2 A 3D AR xde] bt

h,—h; Viev?
=g - 2= ,__Jtl (3.31
5 & Ax * 2gAx )

°of A& mAAA 5% BAE = Quasi-steady dynamic wave®] Aelw, d-9]

+E72 nelas) 9leke] ey,
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EXTRAN(Extended Transport Model)E& 32 San Franciscodl A =AY &34
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TEFeAA A (3365 A "o

99 4 oavil 20 o a2 g~ (3.36)
2 (332)° @ = AvE Wdsta Feled,
dA oV 0A
S T A T Ve =0 (3.37)
o) Aol yE F3a A,
avil — _yih 2 (3.33)
9 at ox
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AgEE thge] AEag el fre.
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4.2 SWMM-LID¢] &84+

LID8 A9 7|52 AA AT, o3 AFAEE = F Atk o83 LID7sl o
3 A HM= A AWAFA (Bioretention), 2453+ Breen roof), WFo] A}
(Treebox filter), A&AwsE(Planter box), AAF=Z(Bioswale), 2o 3}t)
(Bioslope), FHFX®(Infiltration trench), HF&Dry wells), F5733Z%(Porous
pavement), 22|34 =](Sand filter), Bl&= % (Rain barrel) 5 92 7/t 1 7|5

I SAS AL v ol LID&AVIES Hle T HF ed=de] Azl

—

met 7S WMyste] A8 4 Advh(Zare 5, 2012).
A A SWMM(ver5.0) 23 oA ®eold 4 9+ LIDLAZE A A A 74| (Bio-retentio

2

n), B1E4 Y (Rain garden), =2 =4 Green roof), A FE A X (Infiltration trench), ¥
ZH(Porous pavement), Bl &% (Rain barrel), 242 (Vegetative swale) 52| 7
N 7ot (dd 3 A%, 2015).
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A A A4S Kinematic wave¥®} Dynamic waves ] &3kt (Daubney, 2014; Rossman,
2010). Kinematic wave At -Ful7F vlad F3t A9 vpzZfu]E APH a2
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43 LID 71€9 A&
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A I
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T4 2T 2 9d LD 7l B 27k 7les ¥Wge LD 71&S 83
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AT FEFm® /s) Z FEFm®)

T3 | 7= NS LID N LID
M s T o Xﬂ(ﬁ)g M s T o Xi(;“l)%
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H 43 AMAZ U SATTO A2(EE HESAIZ
445 = 2+ 4 % 3
X 3
Vi) f({;n/i’lf)f HRT() | V() I({Il:ll}‘}’lf)f HRT/(h)
1UA 9 7596 0.12 47 9252 005
1UB 77 9936 0.08 179 L1160 | 016
v 87 910.8 0.10 309 950.4 033
1UD 587 27684 | 021 282 20124 | 010
1UE 373 5436 0.69 1,209 648.0 1.87
QU 207 12492 0.18 243 13680 | 018
2UF 40 590.4 0.07 119 6444 018
3UA 19 792 0.24 . - .
3UC 97 11124 | 009 46 12312 | 004
SUH 57 12204 | 005 131 13176 | 010
e
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1
1>

o F3E& 0 =10 FA+FF FFAF

=gd (7) TEYEE ¢ (cm) K(cm/hr)
ALE 0.437 0.417 495 11.78
U2 AME 0.437 0.401 6.13 2.99
2HE AR 0.453 0.412 11.01 1.09
FEHH) 0.463 0.434 8.89 0.34
AEA dE 0.501 0.486 16.68 0.65
AL A SR 0.398 0.330 21.85 0.15
A4 dE 0.464 0.309 20.88 0.10
v ALA A FE 0471 0.432 27.30 0.10
2dE HE 0.430 0.321 23.90 0.06
AEZH HE 0.479 0.423 29.22 0.05
HAE(E) 0.475 0.385 31.63 0.03

25 1 Rawls, W.]. et. al.(1982)
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Al Zk 13 14 15 16 17 18 19 20 21 22 23 24
10mm/h | 0.0 | 0.0 | 00 | 00 | 0.0 | 0O | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0
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H 49 LID Ald &HE

7T W A A
o o ik LID A A A s Al A
o () [HAAFE | Y | S2IE | ATRA | AFA
(m) (m') (1&) (m) (m’)
IUA | 0384 | 718 646 - 1390 | 13,264
1UB | 0344 | 482 2,206 - - 5575
|mg | 1UC | 0482 | 548 3,868 - 1811 | 33504
1UD | 101 | 1688 1,560 - - -
IUE | 0733 | 1,38 8578 - 2516 | 17522
A 2.755 4818 16,858 - 5,717 69,865
2UA | 0344 - 318 : : 3,502
2UB | 0430 - 5,081 : - 18454
2UC | 0362 | 1468 - - - 8,284
2UD | 0525 - 6,928 : : 32,112
277k | 2UE | 0323 | 839 1,419 : - 4,447
2UF | 0.161 231 1,292 - - -
20G | 0.019 - - - - -
2UH | 0032 - - : - -
A | 2414 | 258 | 15038 : - 66,799
3UA | 0701 | 108 - : : -
3UB | 0.218 1,123 - - - -
3UC | 0301 | 600 525 : : 26,530
3UD | 0393 | 608 - - - -
377k | 3UE | 0546 | 232 - - - 21,484
3UF | 0411 - 1,575 - : -
3UG | 0458 | 1294 - : : -
3UH | 0537 | 980 4,223 : 931 -
27| 2949 | 4945 6,323 : 931 48,104
%7 11.885 | 164409 | 42,853 : 6,648 | 276,249
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