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A Study on the Early-stage Storm Runoff Treatment for the Reduction of
Non-point Pollution Materials on the Road
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Abstract :

The object of this study was to test for STORMSYS process that composed Catch Basin and Stormsys(three units:

vortex solids separator, filter media bed and vegetated filter strips). It could be applied to treat the first-flush non-point
pollution materials on the road(especially, motorway). This study investigated that the runoff characteristics of non-point
pollutions containing the heavy metal(Fe, Zn and Cu) by rainfall showed relatively high pollution concentration in the
early-stage storm runoff on the road, which seems to be caused by the vehicular traffic, and showed the rapid reduction of
pollution concentration on the basis of about 5mm rainfall volume. As the number of the non-rainy days were increased, the
pollution concentration by storm runoff was increased, also. As a test result of this process, the average removal efficiency of
BOD, CODny, SS, T-N and T-P over the testing period were 92.7%, 88.6%, 97.4%, 93.0% and 93.3%, respectively. Also, the
average removal efficiency of n-Hexane, Fe, Zn and Cu were 86.7%, 96.1%, 84.4% and 78.4%, respectively. As shown in the
characteristics of storm runoff, the non-point pollution materials have high pollution concentration in the early-stage storm
runoft on the road, the installation of STORMSYS process is expected to reduce considerable amount of non-point poliutions.
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Fig. 1. Schematic diagram of STORMSYS process.

ARnEEE &3 dAFGA 12 Suol] HAF =2
ge] HHLAEA S ¥ 4 e STORMSYS FHE
o] g3}tk o] A4 Me]8FL 3844mY/dayE TFES)
HALHEAS Ffsle =249 x7|¢+E visdF
(drainage area) 2acreol|A] 25+ 5mm 7HES A{FY 5
1A AdAE Catch Basin(7fZ: 4mWx4.9mLx2.2mH)3} 31
35 22| (vortex solids separator), o I}vfr]o}3(filter
media bed) % A]Aic)(vegetated filter strips)® FAR
Stormsys(7+4: @2.8mx1.8mH)E FA3l ).

22. XYM

Catch BasindlM e $+HE55F T 287 ¢
A}2 A AvHtrash and debris screen)& dx|dte] 27
Sem o)4e] 2#7] ¥ FAIES 1AFHoZ A AHSA =
™, Catch Basin W&ol $8& nvletoA] 50cm 24523
o288 A7 3cme FHo| 30cm LFHoE FoH <
o] $F7E5s 4 FLE EATY FAES 23H¥
o2 AA3A gtt Catch Basing 2 thAA1H 9] wig
HA oA FE2HE 27]|¢F(5mmel3HE AF AFE
e £Fo2 AU £ bypass#E Fo| 27]¢
F olFe $FfEFE B AHUE f4o HA A
sttt

Catch Basin®Z2REH #Y=HE $57F55< Stormsys W

Table 1. Design condition of STORMSYS process

Vegetated Filtes
Strips Separator

. Eﬁhlen‘l of
Cach Basin

Vortex Solids

Filter Media Bed

Effluent
—

‘ Solids

Sediment

River - Lake

B2 Y=o 18E 23X 9] vortex?} screening U]
o oj&) n¥Eo] olehz Eel= AAEL 1HEES 5
A7l A 7] sl FREAE 6mm, FHHE-AE 2mmI
Elg¥ 13E X l(solids separation screen)2 ujF-ol
Ax39Ett. 1388 BEAFAE AW +4FETT Storm-
sys Wi2 BFuj#s 53 ZAHo|m L¥EFH AARE
o] £& Ao = Hi(Dixon et al., 1977; HIIIEH:, 1984;
F2etr|edT4, 19958 AA(vermiculite), 27| EE
A2 E(lightweight foamed concrete)Z ujgHgh o zjojcio}
€ AX HF $HEE 58 Uedd 2 2 JHF
HMFE Fodde RS Smmolde] TS A R
£ £°|2 vttty 4L WA FHeH, il A
Rl A48 HAsly] 98t ®2e} F& Afch A
vtjo}E AbRol= Ztth(reeds, phragmites communis), °7]
B E(cattails, fypha angustifolia)s 352 o] €3 24
e ZAHEYE, 1998; o], 1999)8td ol 2&E9 A
ZRE 259 vdel FFAlele| 3= {r1EH I
Ao AESH AA ¢ ol FHAS HEE F A
it g

=240 uPPEAES MY 4 AE STORMSYS
AL ARAo| AA {3+ BEoZ HARE F, FF
g Alxgloz, oudcjo} F4=A| Y(permeability test)S
58 ©&% AAZAE Table 19] Yehidch

Parameter

Design standards

Drainage area
Runoff coefficient(asphalt pavement)
Rainfall
Early-stage storm runoff volume

Hydraulic load of media bed

Permeability coefficient of media bed
Porosity of media bed
Working volume of stormsys

HRT of stormsys

2 acre
0.95
5 mm
3844 m’
2,12 ¢/m’ + min, 0.212 m¥m’ - hr
2.4x107 cn/sec
394 %

464 m
2.9 hr

SRS SR H20H HS5SE, 2004
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23 AE 3 2AdY STORMSYS FH9 #7188 % IFAFAAL B
B 3= 20029 69 1093 2003 549 2403 A}o] BOD, CODpmn, SS, T-N, T-P9] &5 s A48, 4
oAz % 253 ZAA SuolA AHH 271$¢F Smmo) FaEEd 9 S35 AAERES Fosty] %’48}04
ate) $F824E Y2 3k STORMSYS +zg,] A2 n-Hexane, Fe, Zn, Cud] tidt E4x @7 AU =
5& 4389 t) Catch Basingl @] FhAlolA Al 71%-225mm ©]shE & L5HE2F ¥EI ABE
B 2g7] 2 AR 2B 9 AxZeHdry weight, g) Z JelgE AA-7RA] A3 E(rainfall intensity)ol] wha}
Aslgm, Ax $4RHEFS WAL E Cach Basin 2min~1hr AR AFE ATk AHHE AEs

FN r}L o M o
i

- 39] BOD, CODm, SS 2L BA3lo AALZES Standard Methods(APHA 20th, 1998) @ 429 FAHA|
AFSlAth Stormsyset #Es] nHEE B THE HAW(EAE, 1999)°] et B8k

AAEEE etsty] air #F91- Wi % JHSH 1
FEe gz ARANGieve analysis)dl oF YEEAY 3 deddnt 3 nE
2 AzxFFE BAEATE oztiole] A4 vl E 4
23}7] Y38l AE 10ecm, Zo] 100cm YE columno] & 31. LE|ES ENEM
A3 ARrIxEag) el wWiE 2eldte 247 60cmE ARTECE A AZRA A Swe] A4S
A3t Saell A iﬂﬁ% FERHEFE FRAY B AL engase wrwists 4uind, Fig 26 vehd uis
&5 PAEAt =g A0 AdE AR 95k o] 7Aoo wel FAS oAEA 7A7 Jehdiu,
AN Rz AP 2 e 4F columno] o715 7¥°7]. AZE A HoA ek o Smm YEE J|FoE
3 Z2UE 47 AAsn gE column s AAE SE HI%3g BOD 9 CODwd EEA =7t H438H
A o3 274EEL E2 FE(CODn, 110mg/l)e} S 7‘11-_/;\_54.‘5 AL BT} o9 o] &7 ﬂzq &ayo| Ay
F95h clogginge UHFHLE AEF F FEE(tap e o9 w27t olaABES TAE HESY do)Y]
water)§ FHAAH T4 S(permeability coefficien)& 4 Foltidt %5, 1997; Delleur, 1982; Novotny et al,
SR 1981). meb B ER2ge) 27) $4fE5el oE wge
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Fig. 2. Variation of BOD, COD, and SS concentration with rainfall.
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HEZ AZES A% STORMSYS 34 AAA] Catch
Basin AARIAZN wiFHAE nestd 27)¢5 Smmet
¢ A dx== AAsgt

SFRESF ETE EXOZ Qb (2000)3% Wanielista
S(1997)8] AFAFel A} vt R SFRE5Y T
AEE Fig. 33 Table 2¢] Uehd vle} o), 273994
St A #do] AL & F YUk £ReLSI}
18l d 20023 6¥ 1099 Z7172S Smm HFA
CODmy7t 125.4mg/LE B7}99047) 2do|d 20021 7
¥ 2299] 688mg/L R} oF LewjrtE L& =mvt e
Woo, SS9} T-N9| A$ox o 120718 & Trg
Bk

300 20

0 B3 COD 18
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Fig. 3. Comparison of mean CODpn, SS and T-N concen-
tration during the early rainfall 5Smm according to
the non-rainy day.
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Catch Basin® 7F¢A] #i$HA, 794
TS 1R LAEAE FHF 2]
AAEF THE HFAIFA Stormsys WHE &
TS AT 520, I olFY ZSE 2
FE7F AEEO|ERE bypassAl7lE 71e] ik ®
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322 Catch Basin®| M7H5&

Fig. 45 47125t Fx +5fE4E dte=
Catch Basin®] BOD, CODw,, SS AAES WIS Ve
AOR, $4frEo] WS Cach Basin2 F95E 3
Z $4#%52 BOD, CODw, SS ¥Rl 717} 486~
153437 95.7)mg/L, 642~257.4(FT 147.5)mg/L, 132.
5~760.0(8 7 418.9)mg/L, Catch Basin® £33l 583
F FEe zZbz; 382~ 142.7(HT 67.6)mg/L, 52.1~200.2
(BT 101.2)mg/L, 743~3125(3d 176.)mg/LE ZA}E
Row, AALES 7zt Ha 28.7%, 31.1%, 584%F H
At

f
o

Table 2. CODn,, SS and T-N concentration during the early rainfall Smm according to the non-rainy day

Date CODy(mg/L) SS(mg/L) T-N(mg/L) Non-rainy
(YM/D) Max. Avg, Max. Avg. Max. Avg, day(d)
2002/06/10 2574 1254 532.8 207.9 24.700 12.095 18
2002/07/05 148.7 69.4 421.8 148.1 21.589 10.706 9
2002/07/19 131.2 77.1 402.1 256.1 17.326 9.818 4
2002/07/22 190.8 68.8 399.0 175.7 26.558 10.234 2
2002/08/31 1114 77.7 554.0 164.4 58.678 12.879 3
Table 3. Composition of removal trash and debris in Catch Basin
Test #1 Test #2 Test #3 Test Avg.
Item ; .
dwi(g) ratio(%) dwt(g) ratio(%) dwt(g) ratio(%) dwt(g) ratio(%)
Paper 32 1.1 4.5 1.4 5.2 2.7 4.3 1.6
Styrofoam, Vinyl 5.4 1.8 2.4 0.8 15.4 7.9 7.7 29
Plastic 3.2 1.1 3.5 1.1 4.1 2.1 3.6 1.3
Can, Metal 29.7 10.0 274 8.7 15.7 8.1 243 9.0
Grass, Wood 255.4 86.0 278.5 88.0 153.8 79.2 229.2 85.2
Total 296.9 100.0 316.3 100.0 1942 100.0 269.1 100.0

* dwi(g) : dry weight(g)

sSHRSSZsEX| HM202 M55, 2004
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Fig. 4. Variation of BOD, CODm, and SS removal effici-
ency in Catch Basin.

3.3. Stormsyse| XHz|Ms

331. 1S 221FA|

Table 4= 13 E 2339 &4 - 4HFTF % JAES
ez F 33 A% 1¥E9 s @ AR g A
ZZ%8E Jepd Ho|th Catch Basinol4 188 B3
A2 fFYE SFFETY dRTe dxFPHE vlad
u, Y= 0.5~0.125mm Y ollA 2z} 85.4%9) 98.3%=
RS e, Wi 49 4= Immoldrt A

A 99.7%= BT w3 uPE B A AAY A

HEY UHe d=EMEd9 9= 1 ~7mmoA 1P E9)
AxFew|7l 23z} 74.2%92} 0.8%=, Catch Basini}
Stormsys®] FFAE Q13 nFE FFAUNAA TAH
£ vortex®} screeningol] 23] T FHEo] FEIHo =z AAYE
< ¢ F A

332 ofnimClote] Al

ogjutjole] FAAAE AAMy AIr|EFEAES] FH
AuigulE 4HE3r) 3l FRAEES U3 AN
Table 59 Yehd nie}l o] A&E F5A5: 2 AAEZE
< Auyd, AN APV FEEZILES 13 1, 15 ¢ 1
2 wi3s columnollAe] E5AS7E zHzb 2.4x10%cm/sec,
1.8x107cm/sec2 e} O™, HF CODmn R SS AALZE
o] &3 HE 7t w) wiFnl 13 : 10] B HAFHA
o mejole] A Auj§eie}l gt

333 AlAciel 51

ANz 22 A9 2 e columnd] of 7|55
Zr) & 2zt 218 n o column 3 A& SR &
< columnd] i3l FEES FAAA FFASFE ST
Az}, Table 60 JebA ule} o] of7|R-5e] g F44
5 B 3.5x10%cmisec, Zdulel A E5ASE HF
33x107cm/sec 2 AAEHA F& 4o HE 28x10%cm/
secol] H|3t] HlwF F& F48E JEpAUT

Table 4. Composition of influent, effluent and sediment in vortex solids separator

Item Influent Effluent Sediment
Grain size(mm) Solids type dwt ratio(%)" dwt ratio(%) dwt ratio(%)
7.000 Gravel 29 0.0 83
5.000 Fine gravel 3.2 0.0 203
2.000 Very gross sand 32 0.3 29.0
1.000 Gross sand 42 0.5 16.6
0.500 Sand 11.3 10.5 11.9
0.250 Fine sand 48.0 594 7.8
0.125 Very fine sand 26.1 284 5.6
0.063 Gross silt 1.2 0.9 0.5
<0.063 Silt 0.0 0.0 0.0

* All of dwt(dry weight) ratios are mean values of three times experimental data.

Table 5. Comparison of the permeability coefficient and removal efficiency according to the mix ratio of the filter media

Mix ratio(by weight)

Permeate flow rate

Permeability coefT.

Avg. removal eff.(%)

Vermiculite : Concrete’ (mL) (cm/sec) CODw ss
1:1.2 2,000 1.2x10° 35.1 68.9

(1 2,000 4.1x10° 2.7 87.5

13:1 2,000 2.4x10° 57.2 91.4

151 2,000 1.8%10° 57.8 92.1

* Concrete : Lightweight foamed concrete

Journal of Korean Society on Water Quality, Vol. 20, No. 5, 2004
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Table 6. Comparison of the permeability coefficient with and without vegetation on top of the filter media bed(vermiculite

& sand)
Test #1 Test #2 Test #3 Test Avg.
Item
(em/sec) (cm/sec) (cm/sec) (cm/sec)
Permeate flow rate 500mL 500mL S00mlL 500mL
Without vegetation 3.0x107 2.6x10° 2.8x107 2.8x10°
With vegetation(reeds) 3.2x10° 3.4x10° 3.1x10° 33x10°
With vegetation(cattails) 3.6x10° 3.5x107 3.4x10° 3.5%107

wA] A A3IA] & columnd] HIBlY of 7| RES Al
3k v|t]o} columno] 1.25u), ZE 22138 wWt]o} column
ol LI8H} 71# & FFASFE By, 489 247} 24
E2 AAY 8o Stormsyst] o tjolE clogging &
el WA 2 vt} £l B} e Ao we
gtk
334 =Y 2AUEH HHE S
B g3 STORMSYS 349 &
Al Catch Basin®} StormsysE& FE-&}%
FHETE 95 g Stormsys WHEF

stof AATES WA 97 4D v

jufed
™

®oTh ol& B AlMo] Atz

Aol A&AR AR ANFH7E o sly] wEolnk

L H9Ed A¥A7E Stormsysthe] QHE

2 A|AGEo] oh}e} Catch Basing 33k A=) STOR-
MSYS #739] 2984 AALGo|Th

Table 70 2002'd 6% 10Y5E 20033 5¢ 24% Alo]

ooz & 253 7424 SaolA AHFP 27)24 Smmo)
3t ¢FfEFE 472 slo] STORMSYS 0%91 Ch

2 AARES %3_—446: A5 JERIS
STORMSYS F4¢] #7182 A9 s Fig. 5o e}

sk gol 27194 smmolst $45%5) RE

Table 7. Operating result of STORMSYS process

3l BOD, CODum, SS ¥EE ZHZ 31.1~153.4(Hit
742)mg/L, 41.5~184.0(8F 113.2)mg/L, 81.0~722.0(37F
303.6)mg/L, StormsysE E3ist d¥HH WUFHF e 7t

7 23~11.1(BTF 54mg/l, 7.0~16.5(FF 12.8)mg/L,
24~13.0(3%F 7.89myLE Yeho], AAEES 42 H
T 92.7%, 88.6%, 97.4%Z H )

Fig. 6& ddd7e #¥d 3=, 27199 Smmo)s}
FERESFY 98d /Y TN, T-P 55 47 528~
6241(H 26.08)mg/L, 0.40~3.43(3F 129mgL, Stor-
msysE T3 AT WHRF v 47 0.30~6.97(F
T 1.82)mgL, 0.01~0.17(AT 0.09mg/LE Jehyol, A

HEL 242 Wi 93.0%, 933%= A el

Afatgezd 2 22453 #4s) Fig. 7949 o] %=
71947 Smmolst ¢-fEre] AFT Fr9 n-Hexane, Fe,
Zn, Cu 5= Zt7} 13.5~54.8(H% 36.9)mg/L, 3.21~
4236(Z8 T 13.76)mg/L, 0.32~2.72(BF 1.06)mg/L, 0.03~
0.25(3 ¢ 0.16)mg/L, StormsysE E3}3+ dPH HlES
e 44 23~ 11.4HT 4.9mg/L, 0.06~1.83(F 7 0.54)
mg/L, 0.00~0.35(3 7 0.16)mg/L, 0.00~0.10(3F 0.0)mg
LE Jepom, AAaEE Ztzt #Hi 86.7%, 96.1%,
84.4%, 78.4%2 BT

ojg} Zo] & AAAEY AAAFAE Catch Basin 2
StormsysW] A&E B 5o HAzA)Ho] 9% n
& A7 A telEe] o . FAFH, 1\*/]0&‘54
Wil d4E AET] EAshs s 93 4

Influent(mg/L) Effluent(mg/L) Removal eff.(%)
fem Range Avg. Range Avg. Avg.
BOD 10.4~1534 74.2 2.1~119 54 92.7

CODy, 15.7~257.4 113.2 54~183 12.8 88.6
SS 249~8053 303.6 2.0~14.6 7.8 97.4
T-N 2.56~69.31 26.08 0.24~8.39 1.82 93.0
T-pP 0.08 ~7.54 1.29 0.01 ~1.71 0.09 933
n-Hexane 3.2~98.6 369 ~144 49 86.7
Fe 0.00~76.05 13.76 0.00~1.91 0.54 96.1
Zn 0.00~3.35 1.06 0.00~0.55 0.16 84.4
Cu 0.00~0.39 0.16 0.00~0.13 0.04 78.4

o
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Fig. 7. Variation of average daily n-Hexane, Fe, Zn, Cu concentration and removal efficiency in the rainfall volume under

Smm.
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