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Assessment of stream water quality and pollutant discharge loads
affected by recycled irrigation in an agricultural watershed using HSPF
and a multi-reservoir model
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Abstract

The recycled irrigation is a type of irrigation that uses downstream water to fulfill irrigation demand in the upstream
agricultural areas; the used irrigation water returns back to the downstream. The recycled irrigation is advantageous
for securing irrigation water for plant growth, but the returned water typically contains high levels of nutrients due
to excess nutrients inputs during the agricultural activities, potentially deteriorating stream water quality. Therefore,
quantitative assessment on the effect of the recycled irrigation on the stream water quality is required to establish
strategies for effective irrigation water supply and water quality management. For this purpose, a watershed model is
generally used; however no functions to simulate the effects of the recycled irrigation are provided in the existing
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watershed models. In this study, we used multi-reservoir model coupled with the Hydrological Simulation

Program—Fortran (HSPF) to estimate the effect of the recycled irrigation on the stream water quality. The study area
was the Gwangok stream watershed, a subwatershed of Gyeseong stream watershed in Changnyeong county,

Gyeongsangnam—do. The HSPF model was built, calibrated, and used to produce time series data of flow and water
quality, which were used as hypothetical observation data to calibrate the multi—reservoir model. The calibrated

multi—reservoir model was used for simulating the recycled irrigation. In the multi-reservoir model, the Gwangok
watershed consisted of two subsystems, irrigation and the Gwangok stream, and the reactions (plant uptake,

adsorption, desorption, and decay) within each subsystem, and fluxes of water and materials

between the

subsystems, were modeled. Using the developed model, three scenarios with different combinations of the operating

conditions of the recycled irrigation were evaluated for their effects on the stream water quality.

Key words : Hydrological Simulation Program-—Fortran(HSPF), Multi-reservoir model, Recycled irrigation,
Nutrients, Water Quality
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Fig. 2. Schematic diagram of the recycled irrigation system
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Fig. 3. Daily irrigation water used in the Multi—reservoir model
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% 29w 951 55U 29 et 27
7ol BYe systgon TN, TP 354 174 £, ku, ko, qdiff = (30— 315)/3 0 %100 @)
ks, kq, kp, C1(0), q,(0), C2(0)9] 27 % Y5ttt (Table. =1 =1
Table 1. variables used in the multi—reservoir model
Abbreviation Description Unit
P Rainfall m’/d
Vi Water storage of the irrigation area m’/d
Vs Water storage of the gwan—gok stream m’/d
M, Total mass of the dissolved chemical in the irrigation area kg/d
M; Total dry mass of soil in the irrigation area kg
M, Total mass of the chemical in the gwan—gok stream kg/d
Qs Concentration of the chemical adsorbed on the soil mg/kg
Qv Inflow rate to the gwan—gok stream from the upstream and non-—irrigation areas m3/d
Qi Outflow rate from the irrigation area to the gwan—gok stream m®/d
Q Outflow rate from the gwan—gok stream before before drawing the irrigation water m’/d
Qs Flow rate of the recycled irrigation m?/d
Qour Outflow rate from the reach after drawing the irrigation water m’/d
Lo Amount of TN and TP by fertilizer application kg/d
Liv Total flux from upstream and non-irrigation areas kg/d
L Total flux from the irrigation area to the gwan—gok stream kg/d
L, Total flux of outflow into gwan—gok stream kg/d
Lic Flux of the recycled irrigation kg/d
Lour Total flux of outflow after drawing the irrigation water kg/d
Civ Mean concentration of the inflow from the upstream and non-irrigation areas mg/L
C Outflow concentration of the chemical in the irrigation area mg/L
C Outflow concentration of the chemical from the gwan-gok stream mg/L
Cour Outflow concentration to the gyeseoung stream mg/L

Table 2. Calibrated Parameters used in the multi—reservoir model

Abbreviation Description Unit Optimized Value
Ku Plant uptake constant 1/d 0.3 ~ 25
Kq Adsorption equilibrium constant 1/d 2
kp Decay coefficient 1/d 0.8
k; Ist—order kinetic constant 1/d 0.2
k, Mass discharge coefficient of the chemical in the irrigatin area 1/d 50
ks Exponent for the effect of flow on the mass diacharge 1/d 30
h; Ist—retention constant of the irrigation area 0.137
hy Ist—retention constant of the gwan—gok stream - 1.365
hy Deep percolation rate constant 1/d 1.25
f, Plant uptake calibration parameter - 30

Journal of Wetlands Research, Vol. 25, No. 4, 2023
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Flow : 5,800,000 m?
TN : 28,090 kg
TP : 1,330 kg

Pump
station

Flow : 13,000,000 m?
TN : 44,210 kg
TP : 2,130 kg

Gyeseoung
stream

Fig. 6. Flow diagram of water and chemicals in a Recycled irrigation system: (a) without recycled irrigation, and (b) with recycled

irrigation (S2)
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