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Abstract

Due to urbanization and increase in impervious area, changes in natural water circulation system have become a cause
of groundwater recharge reduction, streamflow depletion and other hydrological problems. Therefore, this study
developed the infiltration planter techniques applied in an LID facility treating roof stormwater runoff such as,
performance of small decentralized retention and infiltration through the reproduction of natural water circulation
system and use of landscape for cleaning water. Assessment of an infiltration planter was performed through rainfall
monitoring to analyze the water balance and pollutant removal efficiency. Hydrologic assessment of an infiltration
planter, showed a delay in time of effluent for roof runoff for about 3 hours and on average, 79% of facilities had a
runoff reduction through retention and infiltration. Based on the analysis, pollutant removal efficiency generated in
the catchment area showed an average of 97% for the particulate matter, 94% for the organic matter and 86-96%
and 92-93% for the nutrients and heavy metals were treated, respectively. Comparative results with other LID
facilities were made. For this study, facilities compared the SA/CA to high pollutant removal efficiency for the
determination to of the effectiveness of the facility when applied in an urban area.

Key words : Infiltration planter, Non—point Source, Roof Runoff, Rainwater use
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Table 1. Characteristics of the test-bed
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Catchment area Land use type of Surface area of test bed | Dimentions of test bed . .
) 2 Filter media
(m?) catchment area (m”Xm)
roof top
81.3 of building 1.6x1.5 Gravel, Sand

[JLandscape area
[]Parking lot
[JRoad

[[] schoolyard

KNU campus

(a) Sitemap and runoff flow path of the infiltration planter

(b) Sectional view of the test—bed

Fig. 1. Application of the Infiltration planter test-bed.
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Suspended Solids), BOD(BiologicaI Oxygen Demand),
CODcr(Chemical Oxygen Demand), TN(Total Nitrogen),
TP(Total Phosphorus) @ F&<(Total Pb, Total Cu,

Table 2. Summary of the monitored storm events
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o, FeAEA el M9 9 B2 1.4~11.6hr,
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Parameters ADD Total Rainfall | Total Rainfall Duration Aver age rainfall Time before outflow
(day) (mm) (hr) intensity (mm/hr) starts (HRT) (hr)
Min. 2.2 2.0 1.4 0.4 0.8
Max. 20.2 23 11.6 15.8 4.2
mean+S.D 6.3+£5.0 8.8+6.7 5.5+32 2.8+4.3 2613
0.25 12
—Before LID -----After LID —beforelLID----- After LID
0.20 i 1.0 1 ?
| Peak |
i discharge !
= i reduction - 0.8 - 1
i 0.15 A E i inak
E i E o5 1 reducon
_% 0.10 - Y _g oa i
o ('S
P e A T e N 0P N P
TTT T W T T Runoff delay 02 1 Runoff delay
0.00 . : . . . . 0.0 . ’ . .
0 1 2 3 a 5 6 0 1 2 3 a
Time (hr) Time (hr)
(a) E-4, 04.27 (b) E-12, 09.24

Fig. 2. Flow characteristics before and after applying LID.
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Fig. 3. Runoff volume reduction of each monitored storm events
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Ehgon, §£49 pHE 748 BA5o] pHIt 76k
ZAog yehygth Eeh TSS @ BODO| #¢-#& EMCe
22.7Tmg/L, 13.3mg/L ¥ 6.0mg/L, 3.6mg/LZ2 B4 =t
NS F449 5259 EMCIT 5.3mg/Let 4.7mg/LE2

o, TP+ 0.3mg/L¢t 0.1mg/LE XAFE T,

Tk - pATIEdE & dAFolA A4S
AARE e FEE 9 FTWHT, At REs
gk 5 o B2 =0l AT 2 dAFelE pH, TSS,
BOD, TN % TPO] skits tiior F4Eo g5
L BTFEe 8u £ATE A4
= A58, sPdRA8%F, 54859 pH, TN
1 TP94 7A%e pH 58~85 TN 10mg/Lolst, TP
0.5mg/L o]steld], & AFtolA ®=&H Ayk= A7k &
2 nsoA Hge 7@2 S, 2 TSS9 4
¢ SHARAEet FALTE ARG 9RF Ve
6mg/L |5kl HJOH 2 dAFoA =E2d Aie Ho
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3 F4E 859 A7 ZgA A5850 AL 3mg/L
olatZ AAFo] glom, Umz] fxo] AL 5~6mg/Lo]

o9l

stz AAse] i, ARSE f250 A B
3.6mg/Le] EMCE UEhle] 484240 AR 7ol
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T, T8, *"*%—’F—EJ AHge 713t 743; e8|
th 2 Aol E FA AFGctiRe]l FrEe 85 5
@7]%01] A= AE o F=E F pH, BOD, TN ¥

TPEHS Hlms Aol FAT gick mebA] FFeli &
AN EAE 0HET 5 9 che BEEe] ol
T 34Ee §Ed £AY|E Hshe @77t sl

of & Zo=w AtmH.

322 2SN Foi ¥ A MUSE =Y
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Table 3. Estimation of the average pollutants EMC after LID application

Parameters pH TSS BOD T-N T-P
Inflow of LID EMC(mg/L) 6.1£0.3 22.7£20.0 6.0£5.3 5.3£5.1 0.3£0.2
Outflow of LID EMC(mg/L) 7.4+0.4 13.3+£6.9 3.6+1.3 4.7+3.1 0.1£0.03
Stormwater use O - - - -
Urban reclaimed water O - O - -
Landscape water O - O - -
Korea water quality Human—friendly water O - X O O
standards—Treated - -
water supply River maintenance O O O O
Wetland water O O O O
Industrial water O - O - -
Table 4. Water quality standard by use of graywater (MOE, 2015)
Urban reclaimed Human—friendly River Wetland Industrial
Parameter Landscape water .
water water maintenance water water
SS (mg/L) - - - under 6 under 6 -
BOD (mg/L) under 5 under 5 under 3 under 5 under 5 under 6
T-N (mg/L) - - under 10 under 10 under 10 -
T-P (mg/L) - - under 0.5 under 0.5 under 0.5 -
pH 5.8~8.5 5.8~8.5 5.8~8.5 5.8~8.5 5.8~8.5 5.8~8.5
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Table 5. Pollutants load between before and after LID facility application and pollutants removal efficiency(mean+S.D)
Parameters TSS BOD CODCr T-N T-P Total Cu | Total Zn Total Pb
Avr. Inflow of LID (g) 11.9+10.2 29429 16.6+12.5 2.1+1.4 0.2+0.1 0.1+0.1 0.2+0.2 0.1£+0.1
Avr. Outflow of LID (g) 1.3+£2.1 0.7£0.4 39+24 0.7+0.6 0.02+£0.02 | 0.03+£0.04 | 0.06+0.06 | 0.02+0.04
Min. 83.1 67.9 71.5 18.3 84.2 58.3 45.6 72.6
(};5 Max. 100 100 100 100 100 100 100 100
mean®S.D 97.7+£53 | 942+£10.0 | 94.9+8.7 | 8594257 | 96.4+10.4 | 93.1+13.1 | 92.8+15.9 | 93.9+11.6
1997). olelgt HlE oG PL Hek Y5 245 99 TS5 0D --00D = TN TP T Co ot T
M A1 394 BUHPS BT ool Bole
Aol " asitH(Kim er al, 2006). wWakA, JFsHEo] g
AH G W] 95 YAl fEEE 092

Ao Halgke BAstAtt. Table 59 Inflow of LID$}
Outflow of LID+= HAE3E o2 {7 it 9] 25
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RIE
E A, AT =40 A B
2 11.9¢A3 % HiE=om, BODY CODcro 724
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TSSE FFHoz 08goz BHAHoH,
BOD®} CODcro] A9 0.7g, 3.9go=2 JESE A8 A
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th Egh T-N, T-P9] Z¢ BHHo= 0.7g, 0.02g F-5t
ol MFSREAIE A &= 2l o™, Total Pb, Total Cu
9 Total Zno] A< 0.03g, 0.06g ¥ 0.02g2] Fs}eFo] Hj
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Table 6. Characteristics of the common roof runoff treatment facilities

Parameters IP RG-1 RG-2 This study
Referance Hyun et al., 2008 M1chaeéoez)nsd John, Tobio, 2014 This study
Land use Roof top
Catchment area(m?) 112.0 - 171.0 81.3
SV/CA(%) 1 - 0.3 2.9
SA/CA(%) 8 - 6 1.9
Dimensions
(AxD, m2xm) 9.0x0.1 9.2%x0.6 10.8x 1.5 1.6X1.5
Types of Filtrer media Broken stone, Gravel Round stone WOOdGCr };1521 Sand, Sand, Gravel
Pre—settling Yes No Yes Yes
Treatment Filtration Yes Yes Yes Yes
mechanisms
Infiltration Yes No Yes Yes
TSS 100 - 29 97
Pollutant
reduction(%) TN 100 32 86
T-P 100 100 - 96
Volume reduction(%) 100 0.4 429 79.6
HAED Glo] AT|ARD FXHE AlRe] AAIE] A 2A5-qE5o AE Qg LID 7|&842A o] oot
ot whEbA, a&AQl §AEE7t ojgle AoR Ty o] d & Q= Ao=E Andn. H, IFEIHE Test—bed
U, 2 d7A9E QFEH 2o wat A FALH o] Storage Volume/Catchment Area(SV/CA) B Surface
2 V|E0 82 §AT|E F7|E AATIE ] o AR} Area/Catchment Area(SA/CA)= 2.9% % 1.9%=2 FH4H
OSUHTE =it {22 A& Adtess &2 AdiH] HluA F2 WA 9 BoE 2As5te Ao= g
FATY7} e AoR wordr Sk oolol, =AY PAagh FTtol 2 AlHY HAAE
15t AE £ ZAos ggHn
3.3 §Al LID A|Mdaje] HAZa} Hjw
B A7l £EH 40 £EHA-844e Ane A 4.2 2
$4E4E AP OB LD AAEH dlm-BAse
Table 60l ¥ 970l RUEY © A4S Eaetol 3 AANTE 9% BASH B BESEY Sk A
o] ABGE4S AR LD A4S ST mUHe  2E0 AAR WsACs, oA ARGF S, WA
A2 Aelste] AAstech AHE0 S ARH ARas AT aE, st AEF g4 B A8s /fEF S
o wwslE A @40 $Q008)0] A7 Infileration e BA| WAe] €elo] L ek olo] WA
Pond(P) A8L S8 BE 0] A4 Uol A% EE & 7129 $HE SA4UL 0% BEHOR welst o
2l5t2 HEEe] TSS, TN ¥ TPe Azggo] 100%= &tz LID 7|19 B AefE4 e UHS Yot
uebgtth. 9HH, Rain Garden(RG-1) A9 GddF A Atk AefHE59 A, 2HdEd st B2 9 TP
Zavto] ths] A3g Michael and John(2005)¢] Ao o Hlste] BA YeRty] fEo LID A& o]-8sto] A
A= 69laeFo] 0.4%0] st SFat AJH Y A= 9 F 4 A5t ARE 5 AAA] 2 AAE IES ¢
2512 AEEQen, 32%2 TN A7 &2 Uehys= Qom, o yolrt 2F, 4 &4 TOR o8] Jted

Ao BAEIch §HH, Tobio(2014)7 Y E &g Rain
Garden(RG-2) AlAAA= 42.9%9] 55 A% 217} Q)
AoH, 29%°] TSS AlAGES HetHigleh. &H, 2 A+
oA BUERHT HESHE Test-bed A TSS 97%,
TN 86%, TP 96%°] A7 #A&S vefglon, G35
79.6%°] &S Uetlo] 45 =2 589 odE4
2§ A7 anE veiis BAEGITh d9Ed ¢
o =

2% A T B9 3 54
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411mm, CODcr 2,219mm, TN 398mm, TP 2,323mm,
Cu 4,656mm, Pb 1,097mm, 181 Zn< 1,040mm=
B AR o2 FAGR 74 ~ 4,656mmo] H I A
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