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Assessing the Unit Load Reduction Equation of Drainage Outlet Raising Management in Paddy Fields
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ABSTRACT

The DOR (Drainage outlet raising) in the paddy field has been suggested as one of the most important best management practices for the TMDL (Total
maximum daily load) management in the technical guidelines by the NIER (National institute of environmental research). However, this method is
underestimated and is not well adopted by local governments for the TMDL. The purpose of this study is to evaluate the unit load reduction equation
according to the application of DOR in order to expand this equation. The original equation in the guideline was derived using the HSPF (Hydrological
Simulation Program-Fortran) model for 1 year in Changnyeong. We analyzed the reduction effect of the original equation application by collecting
additional long-term monitoring data from the Buan, Icheon, lksan, and Jeonju. When comparing the reduction loads between the original equation and
monitoring results, the evaluation results of the original equation were 11% of the monitoring analysis results, which was underestimated. This means
that the original equation needs to be improved. For assessing the equation, the HSPF Paddy-RCH model was established according to the NIER
guideline and evaluated for applicability. The performance results of the model showed a reasonable range by the statistical criteria. Modified equations
1 and 2 were proposed based on the monitoring and modeling results. Modified equation 1 was the method of modifying the original equation’s main
factors, and modified equation 2 was the method of applying the non-point pollution reduction efficiency according to the rainfall class using the
long-term modeling results. At the level of 58.6~64.6% of monitoring data, the difference between them could be further reduced compared to the
original equation. The suggested approach will be more reasonable and practicable for decision-makers and will contribute to the TMDL management

plans.
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Fig. 1 Study sites and field experiments
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*CM: Conventional outlet management
**DOR: Drainage outlet raising
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Fig. 2 Comparisons between CM (Conventional outlet management) and DOR (Drainage ouitlet raising) for runoff, BOD, T-N, and T—P in each

paddy field

Table 1 Comparisons between monitoring data and calculated pollutant loads by reduction load equation

. Monitoring (kg/km?/day) Equation (kg/km?/day)
Region (Reference)
BOD T-N T-P BOD T-N T-P
0.34 0.17 0.11
Changnyeong (Moon, 2019) 1.84 1.50 0.73 18.7%)" (11.2%) (15.4%)
0.27 0.13 0.09
lksan (KRCC RRI, 2016) - 3.83 0.52 ) (3.5%) (17.1%)
0.36 0.18 0.12
Icheon (KECO, 2019) 2.53 2.97 0.05 (14.4%) 6.0%) (239%)
0.32 0.15 0.10
Buan (KECO, 2019) 1.77 3.13 0.06 (17.8%) (4.9%) (172%)
. . 0.35 0.17 0.12
Jeonju (Kim, 2022) 3.62 2.57 0.38 (9.8%) (6.8%) (30.6%)

' Equation value / monitoring value X 100
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20| RCHRES S T43H2 F-Table 2 =] “Zlo}- 4311,

Table 2 Representative calibrated values for runoff and water quality parameters for HSPF Paddy—RCH model

Parameter Description lksan Iceon Buan Jeonju
LZSN Lower zone nominal storage 10 4 11 13
UZSN Upper zone nominal soil moisture storage 15 0.1 0.13 0.13
Runoff INFILT Index to infiltration capacity 0.02 0.004 0.025 0.05
AGWRC Base groundwater recession 0.86 0.98 0.86 0.85
DEEPFR Fraction of GW inflow to deep recharge 0.001 0.001 0.06 0.2
INTERCEP Monthly interception storage capacity 0.1-0.3 | 0.01-0.3 | 0.1-0.3 | 0.1-0.6
KBOD20 Unit BOD decay rate at 20°C 0.01 0.0004 0.03 0.05
KODSET BOD settling rate 0.05 0.015 0.06 0.001
g;tli; KTAM20 Nitrification rates of ammonia at 201 0002 | 00033 | 002 | 0005
KNO320 Denitrification rates at 20°C 0.002 0.025 0.002 0.002
PHYSET Dead refractory organic constituents 0.2 0.3 0.3 0.25
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Table 3 Statistics result of

model calibration for runoff and pollutant loads

CM DOR

ltems Regions (Conventional outlet management) (Drainage outlet raising)
Obs Sim R? NSE Obs Sim R? NSE
lksan 3785 3219 0.71 0.69 331.3 285.8 0.83 0.91
Runoff Icheon 4134 326.1 0.84 0.79 170.6 304.3 0.71 0.44
(mm) Buan 78.1 66.4 0.86 0.78 56.7 59.3 0.70 0.43
Jeonju 412.3 266.9 0.75 0.73 297.4 233.3 0.71 0.80
Icheon 12.4 135 0.67 0.61 99 134 0.64 0.65
(kBg(/)f?a) Buan 54 54 0.95 0.85 36 25 0.98 097
Jeonju 71 12.8 0.58 0.43 34 11.4 0.54 0.43
lksan 12.3 16.2 0.57 0.52 8.5 16.2 0.57 0.50
T-N Icheon 426 15.1 0.67 0.57 39.6 14.9 0.65 0.56
(kg/ha) Buan 5.4 6.5 0.65 0.56 23 45 0.64 0.62
Jeonju 21.0 6.2 0.75 0.72 18.4 52 0.70 0.70
lksan 1.25 0.47 0.46 0.61 0.73 0.42 0.48 0.54
T-P Icheon 0.42 0.22 0.57 0.41 0.37 0.20 0.68 0.40
(kg/ha) Buan 0.16 0.20 0.84 0.72 0.10 0.16 0.53 0.26
Jeonju 0.86 1.90 0.54 0.4 0.48 1.61 0.53 0.63
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Fig. 3 Comparisons between observed and simulated runoff, BOD, T-N, and T—P in the (a) Iksan, (b) Icheon, (c) Buan,
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Table 4 Outlet discharge rate (OR) of BOD, T-N, and T—P loads for irrigation and non—irrigation periods in each region

Outlet discharge rate (OR)
Regi Period
egion erio BOD TN TP
Irrigation 0.132 0.094 0.131
Changnyeong .
Non-irrigation 0.034 0.073 0.035
Irrigation 0.561 0.172 0.513
lksan —
Non-irrigation 0.564 0.232 0.186
Irrigation 0.577 0.409 0.232
Icheon —
Non-irrigation 0.178 0.179 0.234
Buan Irrigation 0.454 0.194 0.475
Non-irrigation 0.572 0.108 0.086
) Irrigation 0.604 0.249 0.488
Jeonju —
Non-irrigation 0.465 0.201 0.179
Irrigation 0.466 0.224 0.368
Mean —
Non-irrigation 0.363 0.159 0.144
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RL=YMRL  (NIER, 2012), BOD AZa = 7+ 2A30(0~10 mm)o]
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*MD: Monitoring data, **OE: Original equation
#***ME1: Modified equation 1, ****ME2: Modified equation 2
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