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Evaluation of SWMM Snow-melt Module to Secure Bi-Modal Tram Operation
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Jong-Gun Kim - Young-Kon Park - Hee-Taek Yoon « Youn-Shik Park -
Won-Seok Jang « Dong-Seon Yoo « Kyoung-Jae Lim

Abstract Increasing urban sprawl and climate changes have been causing unexpected high-intensity rainfail events,
Thus there are needs to enhance conventional disaster management system for comprehensive actions to secure safety.
Therefore long-term and comprehensive flood management plans need to be well established. Recently torrential
snowfall are occurring frequently, causing have snow traffic jams on the road. To secure safety and on-time operation
of the Bi-modal tram system, well-structured disaster management system capable of analyzing the snow pack melt/
freezing due to unexpected snowfall are needed. To secure safety of the Bi-modal tram system due to torrential snow-
fall, the snow melt simulation capability was investigated. The snow accumulation and snow melt were measured to
validate the SWMM snow melt component. It showed that there was a good agreement between measured snow melt
data and the simulated ones. Therefore, the Bi-modal tram disaster management system will be able to predict snow
melt reasonably well to secure safety of the Bi-modal tram system during the winter. The Bi-modal tram disaster man-
agement system can be used to identify top priority area for snow removal within the tram route in case of torrential
snowfall to secure on-time operation of the tram. Also it can be used for detour route in the tram networks based on
the disaster management system prediction.

Keywords : Bi-modal tram system, SWMM, Snow-melt, Disaster management system
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Fig. 1. Overview of SWMM model

[

S—

2.2 97 Oy Xig

A wolng EF AN /PE Sl 9lon, 20094
A7) ARdze] 2ed Zolrt mehy 2A AlgAds
xedol Hg3l7] dof vlolng EY Mg ALH &

A

A B2E J7HE 48 s

= 3 A A9e Al 4
gt £ Q7 gAY dnt 4P ERS
1 Qe Ao oy} 3 A Yo| 1F FIH
k3 wo)gg Bl AlxE] &8 |49 ALH §4 B
of Agtet Ao WekwEch B oy A7HAGY F g
WAL 21.10ha0) L, AHY) B BAEE 290tk T+
U AZH] fE g £ A9oz FAE S, F
A 24% JT oAl FEo] tiFEg AHEiaL
otk o] XY AHBAE A v E7IE TEH
AT, FFE A FAACE FEjso/HAl AAE0
ot} B @olMe I vlojng EH Ay ALY
o AA A4S d8 I A7AG E2E deE
SWMM 238 &4 84S F7lsllch

o

2.3 SWMM T%2| LEKi=

SWMMM Fed EasEs a4 AHT 79 (Sub-
catchment), W& (Junction), 3}~¥(Conduit), 131 7%
A7t Aok A B A7 A uigTge] SlolA
1:1,000 AL 2 @3 SRS B3l 45l 9
g fEREe gelsle 2719 Aulg Tolos Bl
o}, w3, 7 Al el dfs] WA, uiv], B AL,
BESZI ug, BREFESTY 254 T2 A £
Abete] B8o] tijleld, BErE HlEE adxAE
Falo] 7} 2wl oo i EFS HAuE AES
olgalelth, WME(Junction)S 1:1,000 FAAEAS] WE
9x12 gjoksle] SWMMS Map ol 96712 wWiE $1%]
2 A7) WME Zo], Invert Elevation & Y3,
3l (Conduitye W&} WEA|E Adsie] 101719 &
FBg A el Fol, Inlet Offset, Outlet
Offset, &7, Y 7 52 daivh. @4 27719 &
g ol 2 wjolRgt EW mo] &3 F7g] TRt
olo} 18719 ok iy T 49§ Al 7
Baagit}, w3k 2o Al A4d s Ase ASE
Sl o3 2O Y& T ARE ALdglen &
A ZEE 20074 1€ 219, 20084 3¥ 289 ALd 4
| ol 42 o RUEHE B3 A5 4 do] Ax
2 Fg315itt.

o

(4

2l

2.4 U BE KIHO| AR 88 BUE

B ATolie Y o) volmg £ AAge) £3
e Hus) 98 A AzEe TE] 99
SWMM 50 23¢] 8 2ES B8} 39S B}
S A4 W §4e) O wo ABHe)L gelH 2



IFN U 2T - LN - TN - 95N - TN
444 DIWEUYESY A1 M5 2008
G5 Halide AT ulAGelM e SEo Be 7 W %] 94 rleld S99 (9e A 2R &
o7} dasitt, ol gy §2 A9 Ln, Fukiie & A AIRE BUEF AIRRS A2 EAIZRL &
HigHAl7] 58] 7VdRbE Y AdoldkAl U] whie] g AO10MFE oF SA7RAY ARzEdlel dlE] gl s
E= A7 2k meb 2 Al e ki nf 7RI & A9 ARG A4 §4 BUERS A
olzg Ed Aslde] AA® S Wk Y5 Alasirt,
Fig. 20049} o] E25 gan §9 AHo= £3319 2 ATeAE SWMM 5.0 B28E &85 24 9 4
o e 3 AY 2% A & 2o ul Ao gt HoE ofa AAl ASE wol 9E A ¥ $¢ A
A AR Tl A7 oV A W EEFE gle o] L5l wWE A Zlo] ¥E BUHH it &

I "'.;231‘»33’” ”«"“; ¥ i a0 e F ]

pEReE e
e 8 ‘ T

’-;‘ gt . = B f

:j -—-;:" :‘{;‘— m‘wg“y : ’

we - Sme T Ferg

o T o Ty

- B | %’

s il -
- M,,»-J

2007/11/21 09:50

2007/11/21 09:55

2007/11721 12:06

2007/11/21 15:55

(a) sunny place

2007/11/21 12:05
(b) shady place

2007/11/21 15:55

Fig. 3. The sunny place (a) and shady place (b) for snowmelt monitoring (2007/11/21)
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Table 1. Results of snowmelt monitoring at the sunny and shady
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Table 2. Results of snowmelt monitoring at the sunny and shady
places (2008/03/28)

Sunny Shady

Time | Temp | Depth | Time | Temp | Depth

Sunny Shady

Time | Temp | Depth | Time | Temp | Depth

i 9:50 0.0 6.0 9:55 0.0 8.7

1 11:00 45 6.6 9:55 0.0 8.7

11:00 0.9 6.0 11:05 09 8.7

12:00 50 5.8 11:05 0.9 8.7

12:06 31 5.6 12:05 3.0 84

13:00 53 5.2 12:05 3.0 8.4

13:00 4.0 5.0 13:02 33 7.8

14:00 6.1 3.8 13:02 33 78

14:55 50 32 14:57 55 1.5

15:00 5.0 2.8 14:57 55 7.5

15:55 35 27 15:55 30 72

16:00 35 2.1 15:55 30 72

~N| ]l W N

16:55 20 2.0 17:00 28 7.0

=N || A W N

17:00 2.0 1.9 17:00 2.8 7.0

2008/3/28 11:00

2008/3/28 13:00

2008/3/28 16:00

(a) Sunny place

2008/3/28 09:55

2008/3/28 13:02

2008/3/28 15:55

(b) shady place

Fig. 4. The sunny place (a) and shady place (b) for snowmelt monitoring (2008/03/28)
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Table 3. Snow Pack parameters for calibration at sunny and shady places with SWMM model

Sunny Shady
Subcatchment Surface Type
Plowable Impervious Pervious Plowable Impervious Pervious

Min. Melt Coeff. (mm/hr/deg C) 0.1875 0.1875 0.1875 0.1875 0.1875 0.1875
Max. Melt Coeff. (mm/hr/deg C) 0.1875 0.1875 0.1875 0.1875 0.1875 0.1875
Base Temperature (deg C) -5 -5 -5 -3 -3 -3
Fraction Free Water Capacity 0.5 0.5 0.5 0.1 0.1 0.1
Initial Snow Depth (mm) 60 60 60 87 87 87
Initial Free Water (mm) 20 20 20 0 0 0
Depth at 100% Cover (mm) 0 0 0
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