J. Kor. Soc. Environ. Eng., 36(10), 691~697, 2014

(Original Paper
http://dx.doi.org/10.4491/KSEE.2014.36.10.691

ISSN 1225-5025

SWMM REIE 0|88t X[ 7158 EA| 251
2IStLID 78| & "iot 072

Application of LID Methods for Sustainable Management
of Small Urban Stream Using SWMM

2|

e
i

Yanghui Han + Dongil Seo*"

FRAEAFYTA EAFHATY -+t B F oA
Land & Housing Institute, Korea Land and Housing Corporation
*Department of Environmental Engineering, Chungnam National University

(Received October 14, 2014; Revised October 28, 2014; Accepted October 30, 2014)

Abstract : Though the upper stream basin area of Gwanpyung-Cheon in Daegjeon, Korea is protected as Green Belt Zone, the
stream is under constant environmental pressure due to current agricultural practices and infrastructure development in its basin
area. To develop appropriate integrated water resources management plan for the stream, it is necessary to consider not only water
quality problems but also water quantity aspect. In this study, Storm Water Management Model (SWMM) was calibrated and
validated with sets of field measurements to predict for future water flow and water quality conditions for any rainfall event.
While flow modeling results showed good agreement by showing correlation coefficient is greater than 0.9, water quality modeling
results showed relatively less accurate levels of agreements with correlation coefficient between 0.67 and 0.87. Hypothetical basin
development scenarios were developed to compare effect on stream water quality and quantity when Low Impact Development
(LID) technologies are applied in the basin. The results of this study can be used effectively in decision making processes of
urban development Gwanpyung-Cheon area by comparing basin management alternatives such as LID methods.

Key Words : Storm Water Management Model (SWMM), Water Quality Modeling, Stormwater Management, Low Impact Development
(LID), Urban Stream Management, Integrated Water Resources Management (IWRM)

20 ] B9 A&beT BelE PAL AT GO elrt BpAolch. @A oA WHAY AR £
Eq9gom nasol 9ot 33 f99 FABFI %
£ Uehlin otk B A 44T T S B AYE 5
oulgA] melEs Ao] At B AFelAt BHA &
management model (SWMM)& %5} 9 A% AL 5 gole] 49 Aol sl sk
FaXel fF W 24 S 5 AR Sk 9% B AWASR)T 09 o4 FBF £EoR FRHGO

=

=

(¢}

AL Ao 93 A u|x= LID (low impact development) 7] S
= Pe FEST 2 A2 FF 3 ARAYS s AY sadd we Ads +He
A3 AR A 7 g B2 Ees ATE & & Aoz ZdgEd
Hof @ swMM, =4 mad, yigde], AGFNE, 2w, Feeatdne

it
o
2
oo
ol
R
rr
N
oz
1o
>
IS
o
fo
il
-
o
o
o @ 12

o)
=
o
>,
o,

Mt

LM QA8 YzsHA egElol glov], FolE AsheE s 3
9 F F&5 AWk B4 Uehs 497t ol
wA9] £3HES BT Rl W] olF: Y F th ARoAL A Aol BN 5& F 5
2%k BRolth fool WBS B SRS FFSUA Ao AL AN I8 AEHoR e s X
A9 W 5AAGY 4B A MY ST 04E FY % ol =4 shEe) Tk Anao) il
Shuf 3k BOR ABE WEBS ASRE AU A =3 glon she] faolut 2 s Ul Alojst
AT WA ke AgelE shH0) JRAY fFe k= 4zo] HEH B RAKoR o|Rojxx Loln
FAH L FAT GAS SAUT TPt BAKGY gl Aotk mak mAo) astHe Fule] A B
A5 A&AQ W] wet mRu ARo] o3 EgWA  HHoR JH Jbhe Wak ofUet Aot 2% 5 =
o] F7HSIAL STV} kel et ofelst AAA Bl AT FAL FEsHs AL A 4 Uk Fh2A TE
29 FFAAL 4T BB 0D Sl glok =4 & wrb Fveke RAR SeHel Belt AFe Aol
U FPA frololA] 2old Bolot wHegRAR =9 AshHS FeHom BT feiL wEe

TCorresponding author E-mail: seodi@cnu.ac.kr Tel: 042-821-6679 Fax: 042-822-5610



692

J. Kor. Soc. Environ, Eng.

el o—l

oy - AS
TR BE 2T CAEHES Tl o]ES & 2.2. SWMM ZHlo| 15

E A&bss 28T 4 s W
s melol glof freold G B4E Haoksis
GO Attt 2go] oA glou Kl Y
29 o5 BASI EAl] AT H LGS Alofshe
9 o mubael wom deld ekt

B Aot o wEdel ey Sunee 9l
obz] Aol SAEIX ke ARAGS ool that
o 2 A 20 Brhskn geltiehe B S
We Systach Be BHAY ARAGS AU
3to] 4919] LID 7]Wo] WAL 43 L 5ol
GFS AZste] G ALAe] 7| 2ARE T

_l
2 5

4A 92 Fig. 10f] Uehd upef o] 37 4=
A ALATA A7) 54 dRFe2RE 3.2
km Aol 91X% S AR2A R 2 sH)Ql IEH e
24 9w A 1085 km’, S2AA 545 kmQ] FEE
Epdic}.

PBHE TIL2AE FHOR FRe AAHA sHH 9
HES 7ML Qe HlEAA YR R R =2, B
9, AR For AEe] oy, YRA A= FA A
o, s, A4 9 AFERE AL Yt skF+= 2000
| ol: AgHog MiE FAXY, FAA Y, AGA S
o jFEE AAStH EFA stpATE AR E o] Qo
ArAolE s Bl sleo] sho R wWE fE 5

L APAQ mAY st mgS sHA 1 Yok

<

Monitoring Site
Dong

. b B 1Daejeon

Fig. 1. Location of the study site and monitoring station for
SWMM calibration,
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Power Function:

B = 1\11';1(01,021‘03) (D

o171 A,
B = pollutant buildup (mass/unit of subcatchment area)
C; = maximum buildup possible (mass per unit of area or
curb length)
C, = buildup rate constant
GCs

time exponent

Exponential Function:

W = C,CyB (@)

o1 7] A,

W = washoff load (mass/time)

Table 1. Summary of LID technologies applied in this study

Ci = washoff coefficient

C, = washoff exponent

q = runoff rate per unit area (length/time)
B = pollutant buildup (total mass)
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LID Technology =~ SWMM-LID Module Description Note
Green Roof ) ) Consist of grass and small plants, Intercepts runoff - Gan be applied to Varlous types of building .
Bio retention cell o - Can reduce thermal island effect and provide rest
(GR) from roof of building and can treat pollutants,

area in urban area

Porous Pavement

(PR) Porous pavement

infiltration out of rainfall

Use porous asphalt, concrete or block to enhance Good for paved road, parking lot and blocks, Not

recommended for gas stations and express ways,

Street Planter Bio retention cell
(SP) pollutant in runoff

Place filter material under street plant and treat

Treat polluted Ronoff from Impervious Area

Rain Barrel

(RB) Rain barrel

Storage that can use runoff water from roof top.

Can reduce surface runoff and can be used for
backup water resources
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Fig. 3. Calibration of SWMM model for upper stream area (Sep. 10~11, 2013).
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Fig. 4. Verification of SWMM model for upper stream area (Aug. 4~5, 2013),

Table 4. SWMM calibration and verification results (R?)

Flow SS BOD COD TN T-P

Calibration Sept. 10-11 0.915 0,861 0822 0.760 0.807 0.684
Aug. 04-05 0,916 0.865 0.679 0.729 0.769 0.669
Nov. 23-24 - 0.854 0816 0.797 0.795 0.825

Verification

Table 5. Calibrated coefficients of pollutant buildup and washoff

Buildup Washoff
Pollutant coias:mt czs:t/;:t Func, Coefficient Exponent
SS 0.50 0.30 0.60 0.050
BOD 0.18 015 0.30 0.015
COD Power 021 018 Exp. 0.30 0.015
TN 0.10 012 0.30 0115
TP 0.01 0.08 0.30 0.015
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Table 6. Hydrological distribution in the upper stream area of
the Gwanpyung-Cheon for hypothetical impervious area
percent changes

Imperviousness  Evaporation Infiltration+Storage Runoff
Asls 434 86.13 953
50% 5,60 49,00 45,40
60% 592 39.66 54 42
70% 6.26 30.25 63.49
80% 6.71 20.70 7259
90% 7.05 11.28 8167
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Table 7. Rainwater water distributions in the upper stream basin area for different scenarios

Method Scenario No, Average, flow (m*/sec) Max_ flow (m*/sec) Total volume (m% Evaporation (%) Infiltration+Storage (%) Runoff (%)
Before 1 0.285 2247 49 228 434 86.13 953
W/O LID

After 2 0917 6.492 158,124 6.71 20.70 7259

SP 3 0.901 6.468 155,394 6.68 2319 7013

RB 4 0.879 6.394 151,699 6.64 26.35 67.01

LID GR 5 0.825 6.274 142 336 6.41 35.88 57.71
PP 6 0.728 6.113 125617 6.30 4582 4788

Total 7 0.559 5719 96.467 6.02 63.98 30.00
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Table 8. Pollution load reduction percent in the upper stream
basin area for different scenarios

Method ScenarioNo, TSS BOD COD TN TP
SP 3 165 190 186 163 2162
RB 4 409 487 476 420 2352
GR 5 658 764 747 646 2491
PP 6 1501 1760 1719 1541 3295

SP+PP 6-1 16.79 1962 1917 1712 3463

GR+PP 6-2 2157 2526 2468 2233 3950

Total 7 2764 3273 3198 2909 4530
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