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Abstract

It has been known that Golf course could impose negative impacts on water-ecosystem if pollutant-laden runoff is not treated
well. It is important to control non-point source and re-use treated wastewater from the golf course to secure water quality of
receiving waterbodies. At golf courses, the rainfall-runoff is affected by various practices to manage grasses. In many
hydrological modelings, especially in simple rainfall-runoff modeling, effects on runoff of plant growth and cutting are not
considered. In the study, the water erosion prediction project (WEPP), capable of simulating plant growth and various
management, was evaluated for its runoff prediction from golf course under grass cutting and irrigation. The %Difference, R*
and the NSE for runoff comparisons were 1.15%, 0.93 and 0.92 for calibration, and 18.12%, 0.82 and 0.88 for validation
period, respectively. In grass cutting scenario, grass height was managed to be 18 ~25 mm. The estimated runoff was
decreased by 27%. The difference in estimated total runoff was 11.8% depending on irrigation. As shown in this study, if grass
management and irrigation are well-controlled, water quality of downstream areas could be obtained.
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Fig. 1. Flow chart for the WEPP model (Flanagan and Living-
ston, 1995).
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Fig. 2. Contour line of golf course (Geum-river Environment Fig. 3. Duct line in golf course (GERC, 2009).

Research Center (GERC), 2009).
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Fig. 4. Outlet of golf course watershed (GERC, 2009).

Table 1. Rainfall, antecedent dry days, rainfall duration, rainfall intensity and runoff for 2009 (GERC, 2009)

Date Rainfall (mm) | Antecedent dry days (day) | Rainfall duration (hr) Rainfall intensity (mm/hr) Runoff (m’)
3.13 19.2 7 15 1.28 254
4.20 20.6 5 14 1.47 413
5.16~5.17 50.5 3 29 1.74 847.9
521~522 322 4 14 230 28.2
6.3 9.0 11 2 4.50 69.5
6.9~6.10 285 3 14 2.04 65.2
6.20 ~ 6.21 14.5 6 7 2,07 532
6.29 11.5 4 14 0.82 8.8
7.2 6.5 4 2 3.25 6.6
77~78 39.0 5 6 4.50 375.7
79~7.10 82.0 2 17 4.82 2082.3
7.11~17.13 67.5 1 22 3.07 1599.7
7.13~7.14 5.0 0 7 0.71 87.0
7.14~17.16 65.5 0 11 5.96 1440.4
7.17~17.18 11.5 0 6 1.92 148.3
7.19 16.0 0 8 2.00 71.1
8.11~8.12 32.6 3 13 2.51 125.5
8.12~8.13 36.4 1 18 2.02 839.5
8.27~829 41.2 7 9 4,58 725.6
10.17 13.8 4 6 2.30 15.3
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Fig. 6. Generated golf course watershed.
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179714 AZF §5FE GeoWEPP 29| Ao} Hla
st A HHE FI5AT. £ AT A Te
¥ WEPP B39 3 DBE 758 ¥ 4% #3%& &
A% 713 tis) 2BE GeoWEPP RF L o83l 423
< H7}el%th. GeoWEPP 29 H]3A] % Difference (ASCE,
1993), B7HA AFAFR)S FEAF(Effective Index)E
ol &3yt FEAFTAHEL Nash-Sutcliffe model effici-
ency (NSE; Nash and Sutcliffe, 1970)% o]&3t}k. 4 (5)
£ %Difference A8 F4]o|9, 4] (6) NSE 2+ F4o|rt.

n

/30, %100 (5)

% Diff. =

Yo-3p
i=1 i=1

NSE=1-3)(0- P/ (3(0,- O )
i=1 i=1

471N OE 7% oME ¥z AFE $23Fm)L, PE
2doly =g 7 oWE ¥ §&5Fm))olL, 0 BE
olES] A4FE #&Fm’)9 BFolth. %Differenced]
o] 0d] 7}7H&45E, NSES Fol 1o 7He4E 2d9
da7t AEZAE F S RE Yu|.

26. 6= 7 S0 WE MUHEEY FER 0L}
2 QTN SZZ0) d3iA BPE WEPP EFE
&3t g% - 7o e JPYTH FEFE v F7}
gk dwFez A9 AEF dxs AP w02
A& FASE 227t ¥4 F2 F2 JMEE 34

A g8 A0zt ZsiA gald Fxe w40l oA
gk xRN 7HF B2 WAL AA e dHoldeld
digze BE 49 F£ 1415 mmE A xE A5
o, 78 2¢3°) 2 mm IEE SFE2P5H 8¢¥ F&
o 2 mm =& 4F2Ps 99 F€F 3 mm BE
A% =Asto] FHolETNAMUNET, 2010). € |AFoA e
HaFoez Hojgole AIAE 18~25 mm FEE HA
FEEH L 295t

27. 20 ME AMMT A REE BlL-BIt

FE2 AEAE FH82 7ted 7HE F2% AL=2A
AAF o 80% BEE AR5 489 4]dA F, ¢
ol#g, 284, &9 ¥ % BLTHFR 9P
o m2tA EAZAE BEE 439 RAE JAME
£ F5E A5 4EAUY FERTES BTE 9
B2 fAsIYol g & AFoMEe F=F A4 4
§o| 713 4% 49 10978 9€¥ 8I7AA &5 A
oz w95t 2JA] Sprinkler+= Rotator® 3FH.2H,
5 5ol BE 444% R fEFE AP

Table 2. Sprinkler rotators characteristic

Nozzle diam. Flow Pressure Energy Nozzle
(mm) (L/s) (kPa) (J’kg) factor
4.8 0.24 103 244 0.92
48 0.34 207 213 0.81
6.4 0.43 103 23.2 0.88
6.4 0.62 207 20.6 0.78
4.8 0.24 103 19.3 0.73
4.8 0.34 207 13.8 0.52
6.8 043 103 17.9 0.68
6.8 0.62 207 144 0.55
9.5 1.36 207 154 0.58

3. &1 & &

31. WEPP 28 RET MEH #HI}

2 d7dAE WEPP E¥o] FxFA s 2
FETE A5 A5t 289 AF 4 P& FI5A
% 239 43 9 23FA LT AT SZRNA 3
€ 1395 108 1797414 F3 & AFA8E o] &3k
WEPP 2% BFA SAHAGETEHLE 0.5 Pa, FEFYAES
£ 0.5 mmhE ARSI 5T 394 B7HA] Donigian
(2000)°] A<+ %Difference®t NSE¢] 7]&S EW2 89
t}. Donigian (2000)2 #A 109 ©]49 2o FHEA
9 A7 A8E vlgoE dvAQ A9 Y9 A
T3+ Table 33 #o] A28 tHDonigian, 2000).

Table 3. General simulation targets or tolerances for model application (Donigian, 2000)

Very good Good Fair Poor
%Diff. T < 10 10~15 15~25 .
W
NSE T 0.90 ~ 0.80 0.80 ~0.70 0.70 ~ 0.60 0.60 ~ 0.50

s ESaAsE|X| A28 H1E, 2012
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Fig. 11. Calibration-R* and Nash - Sutcliffe of runoff estimation. Fig. 12. Validation-R> and Nash - Sutcliffe of runoff estimation.

Table 4. Comparison of measured and simulated runoff

Calibration Validation
Date Measured runoff (m’) | Simulated runoff (m’) Date Measured runoff (m’) | Simulated runoff (m’)
3.13 25.4 22.1 79~7.10 20823 1860.7
420 413 158.2 7.11~7.13 1599.7 1684.6
5.16~5.17 847.9 852.7 7.13~7.14 87.0 88.3
521~522 282 35.0 7.14~7.16 1440.4 1348.9
63 69.5 135.3 717~7.18 148.3 296.5
6.9 ~6.10 65.2 324 7.19 71.1 463.8
6.20~ 621 53.2 1127 8.11~8.12 125.5 44.4
6.29 8.8 92 8.12~8.13 839.5 1033.1
72 6.6 92.8 827~8.29 725.6 11218
77~18 375.7 287.9 10.17 153 165.5
WEPP 239 #& 393 B7F 2= Table 49 22 ol e | T ‘ |
™, RFA| %Difference’= 1.15%, NSEE 092, R'E 0.93 I e -
o2 WFHNAFig 11), A% A %Differencet= 18.12%, - IS |
NSEE 0.82, R’:= 0.882 A3 AthFig. 12). Donigian T ® | v | |
(2000)8) 71&o2 HAZA| %DifferenceE A9l BF T w b : |
Very good™l AFSIe] 2ol BTN WAse A% T . |1 |
f842 448 438 4 At Aos pusAt i
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u2 44437 23L& vasan. Y9 27 ¥ole
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de 108 F& °1F7H 438 934 94 79 14
A-F2 A9 FFo] 4 ESHE AL ¥ F Ued
ol B2 AT HIEAIFY Favt 9oz gddth
A Az B5E F 26301, F2 59%H 9¥€ 2&7
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a [ (SO ) IS | N (" - ) S
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Fig. 13. Comparison of canopy height under grass cutting
condition.
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