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Abstract

The interest in LID facilities is increasing worldwide for recovery of natural water cycle system to destroy by urbanization.
However, problems are raised when installation of LID because comprehensive analysis about design capacity adequacy
of LID facilities was not conducted completely. In this research, removal efficiency and design volume adequacy of LID
facilities were analyzed based on rainfall monitoring data in four LID facilities(Vegetated Swale, Vegetative Filter Strip,
Bio—Retention and Permeable Pavement). As a result, group of LID facility designed on WQV was shown higher flow(37%)
and pollutants(TSS, BOD, TN and TP) removal efficiencies(20 ~ 37%) than group of LID facility designed on WQF.
SA/CA graph was drawn for evaluation of design volume adequacy based on rainfall monitoring data. In this SA/CA
graph, coefficient of determination show over 0.5 in all parameter, especially, Flow and TP were show over 0.95. And,
‘SA/CA & L/CA’ graph considering difference of structure mechanism in LID facility suggested in this research was
confirmed that improved coefficient of determination in flow, TSS and TP than SA/CA graph. According to this research
results, feasibility of applying ‘SA/CA & L/CA’ graph for evaluation of design volume adequacy in LID facility, and
it is necessary to follow up research for generalization and normalization.
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Table 1. Characteristics of Monitored LID facilities
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Fig. 1. Location of monitored LID facilities

Contents VS VES BR PP
Land use Road Forest land Park Park
Catchment Area (m?) 7,700 25,300 220 16
Surface Area (m?) 40 84 109 16
Length (m) 30 75 19 4
CA/SA 0.005 0.003 0.495 1.0
Design Factor WQF WQF WwWQV WQV

SREAIEE H24A A=, 2022



23 61

Aefafe] el tepi AN AR 9L
S8 47 Al 7 F10] BEAY 9% U 0@E
A 7|2 A% 9 oluoln], E4BES 1946 i) A

9] 739 41430]) g = Z1h@ 4+ 9k Fig. 17 Table
1A Q7 o A8l K19t Age Helsks

22 BUERY 22 A

Table 2= £ A5 9Jsfl 2 A7 oA} AldellA] A &

ABg= ot Aol vidh=

A 73eE tiger RYEHES Z;; stejomn, /\Mﬂxﬂ_,.r;(]g]-
o o

[¢)
Frasl A3t 9 A Ae+U8AeE B A 2y
3

of AV 1 frEol WYY HE) HS FEFE AUY 4 ¢l
71l I3AEE RO S PNk, 4 2
o ANSE 83, Aol 88, ARATA 128], F4BF
1282 % 308 SasAr. RUEY 29 Al B9gel

HOL AALZ 2 ~ 90mm, Ao ] 2 ~ 120mm, A1
A5A] 1.8 ~ 150mm 1831 E5EE 475 ~ 227.7mm2)
HAE Bt B3 B 4945+ 1.0 ~ 7.5mm/hr, A48
ot 0.7 ~ 23.5mm/hr, AAAZZ] 2.9 ~ 77.6mm/hr 1
23l B5EE 20 ~ 32.9mm/hre] HeZ ekt e 24
= HEg 5 s HYEHPS HAAISHIh

23 2LEYE YY

H o] RUEE tiAF AEe AR Aoty Al
Bz W ELE2 X 47H_,_§ oo EX Mz 9 AR A

2 5= _’340}01 E‘%Ha S =&k

a st é
8% ,-4%5%— o A2E ARisict Aot A
A gARel fERA BUHPE ANstgon, EXolg
et i Slok Ul 0] Yl olRolA glo] Bl

=
oA, §9 £ B gus Eow AR A5 A7E 3
sttt AAARAE AR §5, THEES A4 sl
% [e] =

Tede T #Ee ER }01 *‘L‘E%‘ = AAskA

Table 2. Statistical summary of monitored rainfall

3702 ATE AT olg A 194 Ao gonz
o] QlmolX|gt 100% F4EE 0w FAHIgle] Foiue|
M 7 §E50] 0] olFolAA ¢y] HEolth. E§
S850] golw fodwdo] A4 A4 WH} FUs17] uf
ol A5 B AFS AN &, FAMH] o]

JH o % %g L GHSIH(TSS, BOD, TN % TP) e
shdct Fig. 2 (@) VSl 43
o% §Y LdFstEo] w2
o EA] o]8 @go] kr 47101] “}%*
o] £xlo] LeHo| 1—154 7 EL
t}. Fig. 2 (b) VFSY] 72 BOD Q@ gHs}ego]
& A= ol VFS 92
AS 7RsAJo] 2 = w9l Akx
=¥k (o) BR¥ (d) PPO] 7 1%’4@2; 7}z
ol kg FHEE A A Ao 42 F <l
Al oH, TSSE Alelstal BOD Folgo]
EA AT A fRske] AolE
won, o= ZF Al {H0] EA] o8 d}o
ZAog wotd ojep T 4 At k2
AollA] 7% Al thEe] HH e

N2 5 sk, sk

N

o

O,
2T o it

—Tm
)
°R B
Mo
i

[6)e]

KH)

(e
o &
>4y

o
&
_(
o
el

N
o
r
l
P
L Jo

HT
o,
rlr
ool L i
3
% Mo

of

o [or
rO nEl'm
O

nR j'g
my
)

o
e,
o
ao
N

=

-

A FFL
i)
aia
e,
=

l
53
N
N

m(*]
%
>
rr
N o
N
N
)
rO
N
R}
il
ok
HT
il
off
st
X
o
el
fo
_?L
k)

3.2 LD AIE ¥ U &8

Fig 3o oq:TL ;H/q- LD /\]/gg_] AH /\12._ M/\ﬂoqjq.x:ﬂ /\U\H;'q]
F7 9 £RE0] 43 8 A G AN el 9
Fig. 3. (@) f=& A% ﬁl}—l A9 ABAFR(94.6%) ) FTE
2(86.1%) » AFR(59.7%) > Al 00144(51.6%) oz
Ehgon, i B 24 a8 Bl AAAIFACE Ao
A& Aol of 43%°] Yok Aoz FAHIM Fig. 3 (b)
~ (09 2H=4 Azt a¥to] 79 SOL(Summation Of Load)<

Contents Rainfall (mm) Rainfall duration (hr) Average Rainfall intensity (mm/hr)

Vs Median + SD 30.5+26.1 7.5+7.3 326122

Min / Max 2/90 2/25 1/8
VES Median + SD 30.5+30.4 8§x5.5 3.7+5.0

Min / Max 2/ 120 02/ 25 0.7/ 24
BR Median + SD 91.9+42.8 9.7+13.5 8.4+8.2

Min / Max 2/ 150 1/ 46 2/ 33
Pp Median + SD 191.3£71.5 12.1+£13.2 8.9+32.1

Min / Max 48 / 228 3/ 41 3/78

Journal of Wetlands Research, Vol. 24, No. 1, 2022



62 ML AlM M| 7|20 G2 8 W Wy A7
TP ™ ’D
g ~ I g ~J
80D m 80D D
TSS 1 H ‘ }—{ TSS *}H }—{
0 2 4 o s 10 0 2 4 o 8 10
Pollutant load in VS(kg/event) Pollutant load in VFS(kg/event)
(@) VS (b) VFS
TP ™ 1
g ™ «H-m-{ g ™ —}H]—{
BOD —)—[ﬂ-{ BOD - }—H]—{
TSS A TSS 1
0.0 0.‘5 1.‘0 1‘.5 2‘.0 25 0.0 0.‘1 0‘.2 0‘3 0.‘4 0‘.5 0.6
Pollutant load in BR (kg/event) Pollutant load in PP (kg/event)
(c) BR (d) pP
Fig. 2. Inflow pollutants load of monitored LID facilities
— W
— | § -0
o 20 0 0 50 100 0 20 40 60 80 100
Flow removal efficiency (%) TSS Removal efficiency (%)
(@) Flow (b) TSS
PP 4 }-m—{ PP 4 }—‘ }-{
BR }'H]‘ BR 1 @
vl Al I
o 2‘0 4‘0 (;0 8‘0 100 o 2‘0 4‘0 (;O B‘O 100

BOD removal efficiency (%)

TN removal efficiency (%)

(d TN

al
i

}_{

(c) BOD
PP
GS 1

TP removal efficiency (%)

40 60

(e) TP

80

Fig. 3. Flow and pollutants removal efficiency of monitored LID facilities

SREAIEE H24A A=, 2022



63

|5
Azt

o1,

(o]

s
2]

(e}

filo

rBL‘ )

gl 2 G Wol §& A
veRgct @4 U
JaE JIEe 2 TSSE 70%
olde] Azt
oﬂ‘:';q 17

E_O]

g1 #E A
i GAE A B Ao
HUE i Ade E4
BOD 60% °©1’4, TN 60% ©1’ 121 TP 60%
Bk APAFAY} EHR0] B

ﬂgoﬂ/ﬂ T 71RO R °F 0% o] A =

o7 BAL]ot) Tol A2 ol Aol o] A9
0B A% TEO| WP A2 AARA
2o vlg)] Yo AL 5Hols 4~ gl

A2 T uea
Aol

Hel 39

ool
ul

Ml

oy

>,\1

2F a1l

>l

1= =]
T =

L olet e A a89)
AA], SA/CAID facility Surface
Area / Catchment Area)—l FFE 1) & 4= Q. AL
2 LEo A7t 58-S Kol Az ol Alolmit]o] SA/CAL
0.0067}+ 0.0030.2 AT} F5E=29] SA/CAS! 0.495
OF L0HG Y2 ghe HEV] g o= wetdr). ol AlE w4
7} o] R0 wigkelel Anstel LID A4 w9l e A
FIolo o= o) wiHo] Algszel ApgolTirl 27t 1887
m'/m'@F 301.2 nf/m'Q] WA, AR BrERS 27} 5.4
m'/m'et I/t 2 7] wizol] A maold 2 AolE He
Zow g S4, Ao Fx4 2tolE 1

A2 oL AM A= 522 7Hto g 7 7
A7 ARl B, HEA7A] Er—*r‘.%ﬁL ARE 7o s
Sh= LID Aot ofe], Table 107141 Hfe} Zo] LID Al
AA Al ARShs 8 A 7= ZF ZF WQERF WQVe] the
7S A8 THMOE, 2016). 1 9] BUE 79 2719] 2jo]

[e]
\__1_]_1__

mlm
ro,

K

m&"
>

;O
o

>
U
2
N

Z

0 o.,.4 ml
n?ﬁ;i
X

gr3]
=1

9 Ex] o]& Jy|9] 2jo] 52 ISt 4 9l oL} thoFst 7k

F0)A t=pe] RYEPS A 1o}°ﬂ7l°ﬂ 1 YEL oA A

3 % FhA)of Hls) Ao Jgre mluje Ao yrke,
3.3 WQFeF WQV 7|k AjEel 1L &8 Hlw

Fig. 4= A7 W A4S 8% 44 71Z02 153KFg
4 (@) WQF, (b) WQV )t #F 8 e @=3 ¢t a8 H|

24 AIE HojErh Fig 48 SAE 91T
o], RE JRojA AHHIA o2 WQVE &% 44
she 150 mgol w2 A0 Uehith F J%I%
A5 frad A
=2 A aex
sholst 2 qict w3t dA E‘%Eia/] XVP &
WQVE 7[ute g sh= LID AJdold ZHe Aoz BALQ]
t}, o= Ao 2 WQVE 7]Z0 & sl LID A4 H
PEARI A Bes 71 5 vk Aoz s 5

mOl'

NN
AN A
lo %0

filo ,Eg, lH‘?J b X

a8 A 37.4% z}o]a L)

= 2

_‘a

M -
>,\1

O
14
w
\]
X
5 1o
N
R
i
HI
)

‘EHHF._

o)

AR
o}, olo} 2L wgo] Aolg Mol ol A wUH %
20, 7] U 9 A ol 9 5 U 090 98

A

= oyt 7EF o7 WQFet WQVE 85 4HY 752
S LID A9 723 Aol& & 4 gk urHoz
WQFS 87 444 7120 sk LID A8 Aaee} 4

=

=

AR e $&247 BHS uat s20 FHo| st
oy} 9 X AEZ y|H %22 5l 9ot HhE, WQVE

89 44 71208 She LID AAL ARA

ek, A4

CAREY, AE

Eod 1Y B QMO Be

=1
o o =2

=

100

80

1

60

40 4

1

FLOW_WQF TSS_WQF BOD_WQF TN_WQF

20

FLOW REMOVAL EFFICIENCY (%)

T
TP_WQF

(@) WQF
100 T . r =
S
> 80
o
=
w
o
L 60 -
[T
w
-1
s
O 401
s
]
4
% 20
-1
w
0 . . . : :
FLOW_WQV TSS_WQV BOD_WQV TN_WQV TP_wQv

(b) WQV
Fig. 4. Comparison of removal efficiency (Flow and pollutants)

according to design Factor

%Ewﬁi*‘; ARSAt shEgoR ARATE

ZoloHEEH, 2016). o]4E WQFLF WQVE
1%9& = LID AL 712 FEA FHolA
o] HOItHMOE, 2016). wheta| o]} 2+ LID Al%
2 320t 4% 4 09ED A 58 Zolo] Fa YRl
2L8o19lS Ao waEn B4 nyEd A4 9 ByEF]

il

2w o] B Ae 239 Aoz QI8 WQFE 8%
A 71E0 2 sh= LID AES WQVE 85 A 71Ee
= She LID Aol 3¢ 25 2 24 & A 2

olztal dutslslrlofls tha 27t 9

Aol o]

slow, 371l 24 A7E E4) ol st
Hok g Aol

Z-IAI--I dio}

-1 O

3.4 LD A'Mo| Z-Iz-l I:l:l

o

=

O -
B Ao M= A2 A LID A9 &5 & w3
& dAET 117P T8I AAEZ/FAHEE(SA/CA) Q)
A BAS B AT oAt AJAe] BUE 71‘1? A ae
ol gste] J}E A5} SA/CAE oA 27
A AARE A did A A RS E8stelen, LID
A SA/CAYE A1A5=2 0.0053, AA8odatdl 0.0033, A4

L9 e

ol
AR

g

[e]

Journal of Wetlands Research, Vol. 24, No. 1, 2022



64 HISML AlE BA 7|0 B Y HIt YWY A

=

w
2

_____

@
=

)
|

FLOW REMCAWAL EFFICIENCY (%)
)

o2 0.4 0.6 08
SASCA

(a) FLOW
F
H
-y
g
5
g
-]
B
£
=]
g 00,
50
0 02 04 06 08 1
SA/CA
(c) BOD

TP removal eflicency )

a 02 0.4

155 removal efficency (34)

L} oz 04 0.6 0s 1

T re ol & Mickeney (26)

] 1] 04 0.6 D&

SAfCA

(e) TP

Fig. 5. Regression curve between SA/CA and removal efficiency

AFAl 0.4955 181 BEE 1.02 285kt & 749
5242 LID A SA/CASF A7 a&0] = A59 A= 4
TEAo)7lol AP ARF Y HF 2l ARG (ZAAE AR
)= o8 dedARAS AL Fig. 5olM= + B
o] FATHL FHoIst 2= 9

1=

e

. = AAE FE B
A SA/CA kol S7te5 A7 885k dote &9 A%
TAIE Hol= Zo& Uehgrh 1
E AES A7 ARl 7 A 2&0.7D2 TP
27+ 58(0.82)014 Z2AAS 0.7 o)e] Zet A
THDarcey and Reidy, 2011; Casella et al., 2013). ¥tH, H]
A3 ARG AL AvtAo g HAFs|A=Aef He) =
AP} ZHE AEe Beov, Bo, 5% AT B8
(0.95), BOD A7 &-8(0.83) 12|11 TP A7 &-8(0.96)°1 A4
2 ABATE Hole Aow EAEIM 11 9 RoA
HIAPR ARG AAAS7E A AEP e APATEA
=2 702 Yepdtt ols SA/CASELID A8 A a& 7
O] A= BRI ARFS Bl B ARt JHTAE oot

o)

o)

o
El
N
N
-OrI"
Ja
N,
N
2
Y
N

r

i

(¢}

SREAIEE H24A A=, 2022

s
% 9

sk
o

Z 07 yhgrh

il

3.5 ‘SA/CA & L/CAO| IiE LID Al &8 3t

3.24 24 Axt LID Aol A9 712 xof oEt A4
B 49 712l weh A7 Gg&0] tha Aol Hol= Ao
2 Yepgh skA]gh 3349 SA/CAQ] AS FEH o=z A4
HHS B2 E85199719 LID Alde] 722 ztolg 18
okA] o2 HAolat & 4= ot} whatA] B Ao A= LID A4
o] Fx2 olg SA/CA EA| Hgstazt WQVE A~
S A 71F0R ol AARAFA 2 EFER)S
SA/CA 118]31 WQFE A 85 414 71522 ol AA
AR5E 9@ Ao L/CAS Agste] 27 a8y
o] Jde EAstt AARA F4E529 SA/CA
= 33483} Fdosi, ALz} Agolatdie] L/CAE 7t
7} 0.0039¢} 0.0027& #4835ttt Fig. 62 SA/CA &
L/CA’et A3t &9 AFs|AxAx HAgeAg4S
HojF3 glow, Table 3oX= ZF 2AHFAY] AL



65

100

FLOWYW REMOCVAL EFFICIENCY (76)
- &

] 0.2 0.4 0.E [E:}

SA/CA B SA/L
(a) FLOW

BOD Removal efficieney (26)

] [} 0.4 (111 (13}
SAJCA B SA/L
(c) BOD

TP REMIAVAL EFFICIENCY %)

'] 0.2 o4 0.6 0.8

TS5 removal efickency [26)

=
=

w
=

TN removal effickncy (96)
= =

)
=

50

SA/CA & SA/L
(e) TP

02 0.4 T 08

SACA & SA/L
(b) TSS
*  RI=063

1] 04 0.6 0E

SASCA R oSAS

(d) TN

Fig. 6. Regression curve between ‘SA/CA & L/CA’ and removal efficiency

£ Attt 24 2 SA/CAQ} FAFSHAl ‘SA/CA &
L/CA'SH A7 582 o) AaTAE Rolw, vaga7)
s410] ARA57 *doéi%q%*d o ul8) e Aoz vt
sk A9 ARG A9 8% A7 28072 B TP A
4 B808, AFNARY Be 4% AU e
(0.95), BOD A& &-&(0.82) 18|22 TP Af &-&0.97)
b HEAE Bk mheba, SA/CA & L/CAY
HAYE AR HEsHe ol AT

= 10

oM

lo R
i

hu oo oy ~

oo et

b

rﬁ £ °

i) b1

Table 394
+x2 zto

w
>
i‘ll‘

A/CA’%L Az a8 ATAT LID A]49]
stz 2 =RollA AAIGE ‘SA/CA &
L/CA’S} A ’5 AL A G Bdsia g
s9=4e 4 Hlwalocy. ‘SA/CA & L/CA'S
SA/CA B4 &,%’Eg, S| E}ﬂ- wslst ARA L0 Z71A7) Kol
A gsrot, Tsseld 71 2 AHASe 57H0.03)8 B
A, TPoA 7Hd =2 ZAAF0.97E Bl A gig 4=

]_

M
rE

ﬂ¥
oZi |
— o oE

et B 24 Amel A9 oA AFE e BAd B8
dlolEle] 47t Arid o WA glot Quslsle] 85}

o tha

Gk 37K

227} Qlek. skA|E, Flow, TSS @ TPollA A4
AL 72 WQFE AA 7|1Z0 2 dl= Al

M 7)E9] SA/CAZY obd L/CAS A% WA AL 93t
A QAR B S RS AEY Bast IS R0

2 g

Table 3. Gap of Coefficient of determination between SA/CA and

‘SA/CA & L/CA’
Gap of coefficient of determination
Parameters - -
Linear Non-linear
Flow - 0.01
TSS - 0.03
BOD - -0.02
N - -0.01
TP - 0.01
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