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Runoff Analysis of Urban Drainage Using DR3M-1I

al A" /ol 2 F
Min, Sang Gi / Lee, Kil Choon

Abstract

In this study, the U.S. Geological Survey’'s DR3M- I (Distributed Routing Rainfall-Runoff Model)
was applied for small urban drainage. DR3M-1I is a watershed model for routing storm runoff
through a branched system of pipes and natural channels using rainfall input. The model was
calibrated and verified using short term rainfall-runoff data collected from Sanbon basin. Also, the
parameters were optimized using Rosenbrock technic. An estimated simulation error for peak
discharge was about 7.4 percent and the result was quite acceptable. Results of the sensitivity
analysis indicate that the percent of effective impervious area and o« defining surface slope and
roughness were the most sensitive variables affecting runoff volumes and peak discharge for low
and high intensity storm respectively. In most cases, soil moisture accounting and infiltration
parameters are the variables that give more effects to runoff volumes than peak discharge.
Parameter @ showed the opposite result.

keywords : runoff, DR3M-1II, parameters, sensitivity analysis
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221 EFE5=7(soil moisture accounting)
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Sanbon river basin
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Fig. 5. Overland flow segments

Outlet

—— Channel
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P e ™

Fig. 6. System of pipes and channels

Table 3. Physical characteristics of Channel segments

box Pipe
Size(m>m) Length(m) Diameter(m) Length(m)

1.5x1.5 1000.0 0.8 220.0
2.0x1.5 280.0 0.9 205.0
2.0x2.0 1070.0 1.0 1017.0
3.0%2.0 19.0 1.1 582.0
2x2.5x2.0 35.0 1.2 264.0
Total 2404.0 Total 2288.0

Table 4. Precipitation and peak discharges measured at Sanbon basin

Storm date and time Total rainfall Dura}tlon Peak cahscharge
(mm) (min) (m*/sec)
Qp1 = 810
8th Aug. 11;’%% o 67 210 Qu = 324
' ’ QpS = 3.57
23rd Aug. 1995 Qp = 8.10
15:00 ~ 17:10 36 130 Qpz = 540
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Table 5. Definitions of parameters used in DR3M- I

Parameter Definition
Soil moisture accounting
BMSN field capacityoll A2l E%9] < (in)
EVC A% ANFEFS FAHA IeRFor BN A A%
RR Egoz AFeE YBeR WE
Infiltration
KSAT Green-Ampt3-2] ol A &] <=4 4=(in/hour)
PSP FHHMAA ] ZHFIFF(in)
RGF field capacity®} wilting pointell A &) R#EdFFol 23 AFHPS)9] H
Effective impervious area
EAC & EFFAY 98 BAAs
RAT ErAGEA dE FEAGHR NGE BEFAGEH g9 v
ALPAD] FrEFHAT o BAAS
Table 6. Initial values and typical ranges of parameters
Parameter ; Initial value Typical range Unit
BMSN 3.50 2.00 ~ 6.00 in
EVC 0.70 050 ~ 1.00 -
RR 0.90 070 ~ 0.9 -
KSAT 0.35 005 ~ 1.20 in/hr
PSP 5.00 050 ~ 8.00 in
RGF 10.00 5.00 ~ 20.00 -
EAC 1.00 085 ~ 115 -
RAT 1.044 - -
ALPAD] 1.00 0.70 ~ 1.50 -

= & % who] ol ponding, wetting 5o.2
AER Agol % EAMAE DANES FE
o gk

SR TRAFT FEALe

= Fod QA7 (Y, vY A FES

] 7Fssith IMPe] 27132 0.05inch(%¥F 1.3mm)
Bstgirt

S ALPADJE Eq. ®)llA & 2]

o] BA ALEEHY f99 25 FA 2 Fol B
Aoz FHEE Aol & AFeAE Eg. 8)Y]
;2 15t7] Yl expilcit FEAEE-E o)g8tg o,
A A-L 6022 3ok

o RE WARSEe 2/%e BRLT 2 )

ol 4 o] Eake]
o MALRew 39 Table 69 Zo] User's

kv & oy Wt
¥ 9 49 EFsad 52 8

E38% ML 20054 97

manual(Alley and Smith, 1982)ell4] Al<tsl= -84 9
Woll A A Q.
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Table 7. Initial and optimized values of parameters

Parameter Initial value Optimized value Unit
BMSN 3.50 2.69 in
EVC 0.70 0.70 -
RR 0.90 0.73 -
KSAT 0.35 0.35 in/hour
PSP 5.00 6.10 in
RGF 10.00 15.74 -
EAC 1.00 1.00 -
RAT 1.044 1.075 -
ALPAD] 1.00 1.00 -

_ 15
£
= 10
'% 5
@
o |
10
Observed
97 — — DR3M(After calibration)
8 + ] e DR3M(Before calibration)
& 7 | sz
£ 8 | -
o 5 |
1) 5 |
2 |
1 L
0
15 16 17 18

Time(hour)

Fig. 7. Comparison of observed and simulated discharges on 23rd August

Table 8& A A - 9 F#E2%42 s RHolo}, 2 AAFIAA 9 28%04 48%= B F oF 2%
BAEH vund W 2% FEAHL 11.6mmollA Z718 Ry, 2 & g fE EFeAY #
108mm= °F 75%, Qi 6.39m”/secol A 598m’/secE z o] 7hashsirt.
ok 71% ZAFHATE olE Q1 RAAY FEAAHL olde] ABE E w s AHZE o83
Az vwed 0 104%2) L34S Rgoy BA% FEAH AL 493 UF2yE ARE Y
24%% QA7) Z)ERTE Qe AH$= 18.3%0lA o AlFE W FEFEIAHL Frovn &
107%2 2247} 7480t vl4a B5FAe] |y [=320e4

Table 8. Summary of calibration results

Ratio of Ratio of .
noneffective effective R?UO of Runoff Q2
. . . . pervious area volume 3
impervious area impervious area %) (o) (m’/sec)
(%) (%) ’
Observed value 28 326 64.6 105 5.40
Before
Simulated | calibration 28 326 646 116 6.39
value Alfter 438 306 646 10.8 5.98
calibration
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Fig. 8. Comparison of observed and simulated discharges on 8th August

23

Table 9. Summary of verification results

24

Storm Date Peak discharge(m’/sec) pro“mel (%)
on me on
8th August
Qp1 8.10 6.91 14.7
Q2 3.24 3.01 7.0
Qs 3.75 3.67 2.0
23rd August
Qp1 3.00 2.93 25
Qp2 5.40 5.98 10.7
MAD 7.4
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AR e iR Wl ulel RFH A 7t 975 NkE B4 éﬂiéﬂ Fig. 11914 x5
gk Al Wale] A= AR} AHow A9 & uisRge] Wakgeln, yES ol wWE HFFE
& 4 glom Avte] A wE EEAUA FE o & we FEAYe Wsts Jehdch Zp wjspasd
3 ARE AFshe HolAM 2o Apgoltt UgER TR BAA TG ved 2
e ad wiRse FFE 1A ke AS
fHo g slgon WFghe WakE £30% W <ol 1) BMSN
A AAeFR T Fig. 11 (dolA} o] F3t A-2d=e] v7h & 7
41 A BSAMA $- -30%2] ¥ %Jrgoﬂﬁ oF +6%9] FEAA ﬂdﬁ_}%
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259 AHAE 0RoR st Z9AEE 3 Ho| o wgshA whesle Aoz vehgrh X
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Table 10. Hypothetical rainfall intensitys for sensitivity analysis

Duration Hypothetical rainfall Intensity{in/hour)
(min) low mid high
60 04 2.0 4.0
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