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Abstract

In this study, the LIDMOD3 was developed to design and evaluate low impact development (LIDMOD). In the same fashion,
the LIDMOD3 employs a curve number (NRCS-CN) method to estimate the surface runoff, infiltration and event mean
concentration as applicable to pollutant loads which are based on a daily time step. In these terms, the LIDMOD?3 can consider
a hydrologic soil group for each land use type LID-BMP, and the applied removal efficiency of the surface runoff and
pollutant loads by virtue of the stored capacity, which was calculated by analyzing the recorded water balance. As a result of
Model development, the LIDMOD3 is based on an Excel spread sheet and consists of 8 sheets of information data, including:
General information, Annual precipitation, Land use, Drainage area, LID-BMPs, Cals-cap, Parameters, and the Results. In
addition, the LIDMOD3 can estimate the annual hydrology and annual pollutant loads including surface runoff and
infiltration, the LID efficiency of the estimated surface runoff for a design rainfall event, and an analysis of the peak flow and
time to peak using a unit hydrolograph for pre-development, post-development without LID, and as calculated with LID. As a
result of the model application as applied to an apartment, the LIDMOD3 can estimate LID-BMPs considering a well spatical
distributed hydroloic soil group as realized on land use and with the LID-BMPs. Essentially, the LIDMOD?3 is a screen level
and simple model which is easy to use because it is an Excel based model, as are most parameters in the database. This system
can be expected to be widely used at the LID site to collect data within various programmable model parameters for the

processing of a detail LID model simulation.
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Table 1. Comparison of the pollutant removal efficiency of
the observation and calculation by a vegetative
filter strip with a 20 m width
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Table 2. CN value of the LID-BMP (Sample et al., 2001)

Removal efficiency (% Hydrologic soil grouj
BOD TSS TyN( : T-P HID-BMPs A : B : cgr : D
Observed* 41 59 40 27 Greenroof 85 85 85 85
Calculated 41 60 40 24 Porous pavement 70 80 85 87
* Lee (2008) Other LID-BMPs 15 20 35 40

BIE=EaR| M@ M4z, 2018




MNESIHU[Y MA ¥ IS 9IS LIDMOD3 JHL 385
Table 3. Hydrologic soil group and land use classification of a study area (m?)
Classification Hydrologic soil group
A B Total
Pervious Lawn 16,617 29,155 45,772 (64%)
Tennis court 0 770 770 (1%)
Rooftop 2,940 6,641 9,581 (13%)
Impervious Playground 0 1,174 1,174 (2%)
Driveway 1,148 574 1,722 (2%)
Sidewalk 3,484 9171 12,655 (18%)
Total 24,189 (34%) 47,485 (66%) 71,674 (100%)
E3 AAAFANAY FAADEH §lo] AF F AT
Ja HHeFELd] APHE AR PSRt dvtE
15 7 o2 HHAEH AP FHY HAZSZFE 245mm (1
inch)7} & AF&(PGCo, 1999)F o] 2 AFo X2 2144
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104 e vl T 22 Fig. 29 2] 4709 vigTHog TR
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g a0 o $4RE5 4447 Aot sty wWETFgoR
, @ mo)g 4 glon Ao wsgHel meh 44474
‘ AP aThe BAH) Akl EPMSER A, Bol weh o)
= 79 2DA2)% 3(DA3)SE, 1 9] LID 71&222 $9]

Fig. 1. Study area for the LIDMOD?3 application.
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3. Results and Discussions

3.1 LIDMOD3 7H&t

AGFNL7Y A8 AU e SHAAY ZFehEs 3.1.1 LIMDMOD3 T4
E AAAFAN 92712, ko EFEES HAXsE LIDMOD3 General information, Annual precipitation,
Z Yt ESEE0 AL ARLIUE Lo E257 & Land use, Drainage area, LID-BMPs, Cals-cap, Parameters,
AW 1 olae $BE $HMANLR [P $2HL Resuls AER THHO} Ark(Fig. 3~4).

ABAFAY A AREF o4 8T A/VH & General informationol 4 71251 B, U, 72
FHQlo] SFHMAXNNER FESPE ACE Py F4E 7], AAZF 59 FEE Y=, Annual precipitation
_____ DAl cocamnrainn DAZ cnaccnma DA cccc e DAY aaaayj
i H] 1 1l 1
i i 1 il H
1 H] :I il 1
{ Lawn : : Rooftop 1 : Rooftop : : Other :

! (45,772m?) i (2,940m?) n (6,641m?) 11| impervious area |y
H] 1 1l
I H 1 1 (3,666m?2) }

1 i 1 1l - 1
| v 1! y :I v 1l : 1
= Porous pavement :: Bioretention |= Bioretention ” 1
: (12,655m?) : : (Soils-A) : : (Soils-B) : : .

1 1 1 il !

CHNRVRS SRRV | SV SV | SRV MU | (VRPN S
v A 4 ¥ ;

Storm water drainage system

Fig. 2. LID scenario and the drainage areas.
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Parameters
General Annual Drainage 3
Information Precipitation "] Land Use Area [ | LD-EMPs Results
CalCap
Fig. 3. The components of the LIDMOD3.
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Fig. 4. Screen shots of the LIDMOD3.
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7129 LIMOD2¢}+ H| 23 LIMOD3¢ 7HAALEHE Table
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Table 4. Enhancement of LIDMOD3 as compared to LIDMOD2

AR+ FE 1y HEF
LIDMOD29 A = EGHTHH 55
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A& NRCS-CN9 2 (6)& ©
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S Aoz dE ZFeEXE sy
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1 ¢, ZF LID-BMP AAE AREHS §FF9 AGT
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SF 2 weTF9aMY FE5FTH LID-BMPY ARE
F& vwsty AAZSHE AFE 4 Y& LID-BMP HF
S AAT F Y& CalsCap’ DS 71921, LIDMOD3
AHEEE S4FT EXIEE CNgH EMCs 52 =
ATFEABRRE 2IIFeR YHAA T FEA A
A AT

o & 2

3.2 LIDMOD3 M &
321 Z=Ae|g ¥

2l HA
LID 71&€84 244

2

28Ad wE deEAF AR
Ty FeAYFE, 228 FLS Fig 5~63 2o JBAF
At BEGEFY A8 A 2 douHAT AFFS
Z+ZF 0.632 m*/m?, 0.064 m*/m’Q) AL2 e tHFig. 5).
e FER0] dXHE HETH91(DADY ES &
E=2o] 37965 m’E XY F¢ Z+HFe] 50.7 mmed
Aoz ygton, QMY fE5E EWTEE A
o Bell AAAFAZE AAHe #lFTH2(DA2)9 3(DA3)
9 A% AAYF 245 mmE A sed o A
FA9 W8 74z 2m’? 210m’Y A2 ekt
(Fig. 6). FFEFo] AJAAFA R GHA T AFFo|
g BT 22 ARFEFS veid A2 HEY

A
-1

Bioretention R s Description
i 038 .33 | Ponded detph (m)
i 0.2 0.2|Top soil porosity
d2 0.3 0.3{Top soil depth (m)
a3 0.5 0.6 Course gravel layer depth
n2 0.32) 0.32|Course gravel layer porosity
Storage Vol (m'/m’) 0.632 0,632 |=As(d1en1*d2en2'd])
Recommened | User defined

Porous pavement Vilve s Description
dz2 0.2 0.2|Course gravel layer depth (m)
n 0.32 0.32|Course gravel layer porosity
Storage Vol (m'/m’) 0.064 0.064 | =As{d1+d2*n1)

Fig. 5. Design LID-BMPs in a LID-BMPs sheet.

LIDMOD2

LIDMOD3

Hydrologic soil group (HSG)

Apply same ratio of HSG to land use.

Allocate different HSG ratio to each land use and BMP

Reduction rate of surface runoff | Apply same reduction rate of each BMP |Calculate reduction rate by water balance analysis for each BMP

Amount of infilitration in land use|Apply same infitration rate of each HSG

Calculate amount of infiltration by NRCS-CN method for each
land use type
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Captured Storage Inflow DIff. (%) Criteria | DA area | BMPs

oA rainfall fmm) | Vol (m") | Vol (m") (<1%) | (m%) | Area (m%)
DAL 50.7 B809.9 B04.3 0.7% oK 58,125 210
DA2 45 58.1 58.3 0.2% oK 3,032 a2
DA3 24.5] 1327 1317 -0.8%, oK 6,851 210
DAS 0.0] 3,666

Fig. 6. Captured rainfall and BMPs area in a CalCap sheet.

Annual Hydrology

Pre- Development  Development uo

development  without LID _ with UD _  Efficiency

Runoff Depth (mm/yr) 220 491 310
Infiltration Depth (mmyyr) 339 217 454 6%
DA analysis __Runoff Depth (mmyyr) |
DAL DAZ DA3 DAd
No LID 3810 977.0 977.0 977.0
With LID 212.2 611.9 6544.6 977.0
Efficiency 44% 37% 34% 0%

Fig. 7. Annual hydrology analysis in a Results sheet.
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Unit hydrolograph analysis
Pre- Development  Development
development  without LID _ with LID
Poak flow (m’/sec) 0.396 0.586 0.506
Time to peak (min) 23 15 18

07 Unit hydrolograph
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100 120 140

&0
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Fig. 9. Unit hydrolograph analysis in a Results sheet.
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Annual Loadings
Pre- Development  Development LD
development without LID with LID Efficiency
BOD (kg/yr) 7.9 1289 847
S5 (kg/yr) 158 9639 636.5
T-N {kg/yr) 111 2498 164.5
T-P (kg/yr) 0.2 79 5.2
BOD (kg/yr) S5 (kefyr)
1400 1,2000
1200 1,0000
1000 B00.0
E g 5000
400 4060
200 2000
Post-nolil Post-LID Pre Post-noliD
T-N (ke/yr) T-P (ke/yr)
3000 100
2500 50
2000 60
1500 d'
1000 ¥
500 20
Pre PostnolD  Post-LiC Pre Post-nollD  Pest-LID

Fig. 10. Annual Loadings analysis in a Results sheet.
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