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Abstract

Agriculture nonpoint pollution source is a significant contributor to water quality degradation. To establish effective water
quality control policy, environpolitics establishment person must be able to estimate nonpoint source loads to lakes and
streams. To meet this need for orchard area, we investigated a real rainfall runoff phenomena about it. We developed
nonpoint source runoff estimation models for vineyard area that has lots of fertilizer, compost specially between agricultural
areas. Data used in nonpoint source estimation model gained from real measuring runoff loads and it surveyed for two
years(2008-2009 year) about vineyard. Nonpoint source runoff loads estimation models were composed of using independent
variables(rainfall, storm duration time(SDT), antecedent dry weather period(ADWP), total runoff depth(TRD), average
storm intensity(ASI), average runoff intensity(ARI)). Rainfall, total runoff depth and average runoff intensity among six
independent variables were specially high related to nonpoint source runoff loads such as BOD, COD, TN, TP, TOC and SS.

The best regression model to predict nonpoint source runoff load was Model 6 and regression factor of all water quality items
except for was R’=0.85.

Key Words : Nonpoint source, Storm runoff, Pollution load estimation model
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Table 1. The average and range values of input data
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unit ave. range
39.51
BOD ke/kar 11179 4.69 ~ 142.47
COD kel : 20.18 ~ 290.69
TOC kel 34.72 6.87 ~ 185.89
SS ke/kn 1,661.62 259.93 ~ 6,112.49
TN ke/kat 18.17 2.18~44.16
TP kefknt 403 0.46 ~ 24.09
Rainfall mm 43.81 16.50 ~ 79.70
SDT hour 8.84 2.83 ~16.46
ADWP day 3.74 1~8
TRD mm 11.83 1.34~33.22
ASI mwh 559 2.03~9.29
ARI m/h 0.32~7.06
3.08
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Table 2. Correlation coefficient among nonpoint source runoff variables
[ Bob [ cop | toc | ss ™ ™ | x1 [ x X3 X4 X5 X6
BOD Pearson 1 72657 61977 61277 779" 326 4959 5430 021 7299 146 59470
P-value .000 005 .005 .000 173 .031 016 932 .000 550 .007
oD Pearson  .726"" 1 909 746 798" 69370 827" 5057 o184 939" 125 663"
P-value  .000 000 .000 .000 .001 .000 027 451 .000 611 .002
ToC Pearson  .619"" 909" 1 429 828"Y  857"" 8650 376 -330  .961°" 261 667"
P-value  .005 .000 067 .000 .000 .000 112 1168 .000 280 .002
o Pearson  .612""  746"7 429 1 526 156 464" 4620 088 5520 -099 454
P-value  .005 .000 067 021 524 046 047 720 014 688 051
™~ Pearson  .779"" 7987 828" 526" 1 62177 786" 4887 220 .806"" 152 5440
P-value  .000 000 000 021 005 .000 034 365 .000 534 016
P Pearson 326  .693"" 8577 156 621" 1 686" 194 -363 754" 302 5319
P-value  .173 001 000 524 005 .001 426 127 .000 209 019
- Pearson 495" 82777 8657 464" 7867 686" 1 429 -323 806" 394 485"
P-value  .031 .000 .000 046 .000 .001 067 178 .000 1095 036
5, __Pearson 5439 5059 376 4627 4887 194 429 1 330 422 =560 -013
P-value  .016 027 112 047 034 426 067 168 072 013 958
- Pearson  .021 -184  -330 .08  -220 -363 -323 330 1 2331 5697 -4877
P-value  .932 451 1168 720 365 127 178 .168 .166 011 035
- Pearson  .729"" 9397 961"" 552 806""  .754"7 806" 422 -331 1 152 770"
P-value  .000 000 1000 014 .000 .000 .000 072 166 534 .000
s Pearson  -.146 125 261 -.099 152 302 394 -5607  -569 152 1 342
P-value  .550 611 280 688 534 209 1095 013 011 534 152
g Pearson 59470 66370 667" 454 5440 5310 485 -013  -4877 770" 342 1
P-value  .007 1002 1002 051 016 019 036 958 035 .000 152
% #x ! jtems that have high correlation, * : items that have intergrade correlation
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Table 3. Linear and non-linear correlation equations
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(1 ~5:existing models,6 ~7: proposed models)

Model No. Loads

Estimation models

1
(kg/ k)

2
3
4
5
6

7

A+B(X,)+C(X,)+D(X;) +EX,) +F(X;) +G(X;)

A+Bn (X)) + Cln(X,) + Dln (X;) + Eln (X,) + Fln (X;) + Gln (X;)

AP (X)X, (X" (X,)" (%)

A+Bn (X)) + Cln (X,) + Dl (X,) + Bl (X,) + F(X, ) + G(X,)
A+B(X,)+C(X,) +D(X,) +E(X,) +Fln (X, ) + Gl (X;)
A+XPXXF+Chn(X,) + Din (X;) + Fln (X;) + GIn (X;)

A+XPXXEXXE+Cn(X,) + D (X;) + Fln (X;)

3 P : nonpoint source runoff load(kg/km)
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Table 4. Relevant variables by pollutants

Items Relevant variables
BOD X1, X2, X4, X6
COD X1, X2, X4, X6
TOC X1, X4, X6
SS X1, X2, X4, X6
T-N X1, X2, X4, X6
T-P X1, X4, X6
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Table 5. R square by models

ol - A - ol

Ttems 1 2 3 4 5 6 7
R’ 79 87 96 81 81 92 79
BOD .
Wk’ 70 82 94 73 73 83 70
R’ 96 94 97 93 96 96 96
COD 5
R 94 91 96 90 95 95 94
1§ 98 92 98 92 98 98 99
TOC -
iR’ 97 90 97 90 97 97 98
o R’ 58 62 61 64 59 .64 58
R’ 41 46 45 49 42 52 40
™ 1§ 88 92 89 92 91 91 89
Wk’ 82 88 84 88 88 87 84
- R’ 79 .70 90 70 79 92 87
R’ 72 60 86 61 72 .89 84
Table 6. Selected models and R square
Model Loads Equations R’
BOD 6 (X,)0H423 (X, )™6%57 + 8.2392 In (X)) 0.92
COD 3 (X] )0,5162 (X2 )046353 (X4 )0,5336 0.97
TOC 7 ) (X1 )045532 (X4 ) 0.7623 0.99
SS 6 (ke/ar) (X,)12827 (X, )15 + 672.4619 In(X,) 0.64
N 2 —46.7093 +13.1009 In (X, ) +8.03221n (X)) 0.92
TP 6 —6.9154+ (X )07 (X, )" 0.92
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Table 7. Stormwater runoff loads estimation according to rainfall changes

Precipitation(X1, mm)

Items
15 20 30 50 70 100 150 200
BOD 24.9 27.1 30.5 359 40.2 45.5 52.6 58.5
COD 60.4 70.1 86.4 112.4 133.7 160.8 198.2 229.9
TOC 29.4 34.5 43.2 57.3 69.0 84.0 105.1 123.3
SS 1,517 1,540 1,590 1,705 1,835 2,049 2,447 2,884
T-N 8.6 12.4 17.7 24.4 28.8 335 38.8 42.5
T-P 2.5 4.2 7.1 11.9 15.9 21.1 28.4 347
Table 8. Stormwater runoff loads estimation according to total runoff depth changes
Runoff Depth(X4, mm)
Items
5 10 15 20 30 40 50 60
BOD 23.9 31.9 38.5 443 54.4 63.4 71.5 79.1
COD 73.1 113.6 146.9 176.4 228.2 274.0 315.7 354.5
TOC 27.6 46.8 63.8 79.4 108.2 134.7 159.7 183.5
SS 1,638 1,662 1,677 1,689 1,706 1,720 1,730 1,740
T-N 15.7 21.3 24.6 26.9 30.1 324 342 35.7
T-P 6.8 9.7 11.8 13.3 15.8 17.7 19.3 20.7
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Fig. 1. The comparison of stormwater runoff loads estimation according to the rainfall and total runoff depth.
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