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A Study on the Estimation of Irrigation Water for Sewage Treated Water Reuse for Agriculture
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ABSTRACT

The purpose of this study was to establish the estimation method of irrigation water amount for sewage treated water reuse for agricultural purpose.
To calculate the irrigation water amount, we adopted Penman-Monteith for potential evapotranspiration estimation and applied crop coefficient and
irrigation efficiency factor. We developed the irrigation water amount calculation program using C language in Xcode environment. The target district
for calculation is having 259 ha of agricultural land located near the Jinyeong Clear Water Circulation Center in Hanrim-myeon, Gimhae city. The
meteorological data of the study area were obtained from Changwon weather station from 1986 to 2017. Calculated average and maximum of annual
mean potential evapotranspiration were 2.72 mm/day and 6.22 mm/day, respectively. We used K-S (Kolmogorov-Smirnov) for goodness-of-fit test to
find optimal probability distribution of annual mean and maximum evapotranspiration. As a result, the normal distribution was selected for the
appropriate distribution. The annual mean and maximum potential evapotranspiration for 10-year return period by applying normal distribution were 2.88
mm/day and 6.76 mm/day, respectively. Assuming that the irrigation efficiency is 80%, the irrigation water requirement was calculated as 36.05 m’/
day/ha and 84.45 m*/day/ha, respectively, when annual mean and maximum potential evapotranspiration were applied. The actual irrigation water amount
can be calculated by applying the crop coefficient and cropping days for the study area based on the developed irrigation water amount estimation
program in this study.
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Table 1 Cultivated area of greenhouse crops and paddy fields area by section

) Cultivated area of greenhouse | Paddy field area Percent of cultivated area of
Section Area (ha)
crops (ha) (ha) greenhouse crops (%)
Gasan(Gimhae) 93.2 25.6 67.6 27
Gasan(Changwon) 457 19.6 261 42
Sisan 118.1 18.9 99.2 16
Total 257 641 192.9 24
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Read meteorological data
(Tmin, Trmax, Wind speed,
Humidity, Sunshine hour)

v

Calculate E'I'D using Penman-Monteith method
1. Mean daily temperature [T”Iw_l)
2. Mean daily solar radiation (R_)
3. Wind speed (UZJ )
4. Slope of saturation vapor pressure curve (A)
5. Atmoshperic pressure (P)
6. Psychrometric constant (y)
7. Delta, Psi, temperature terms (DT, PT, TT)
8. Mean saturation vapor pressure (e_)

9. Actual vapor pressure (&)
10. Net solar radiation {R_)
11. Evapotranspiration (ET )

v

Goodness-of-fit test using K-S
1. Calculate cumulative probability of occurrence (S )
2. Calulate probability var|able {D )
3. Calculate P(D <D )—1-(1

v

Calculate irrigation amount
1. Determine design fregeuncy (F)
2. Calculate ET  according to return periad (T)
3. Calculate irrigation amaount
considering irrigation efficiency (Q)

=

Develop calculating ETo program using
C language in Xcode environment

struct weather_dataf}
struct ETo_data{}

main(){
data_input{)
cal_ETo()
cal_annual_ETo{)
}

cal_ETo(){
cal_parameter()
cal_weather()
cal_e()

b

v

Goodness-of-fit test and
parameter estimation
for probability distribution usng R

1. Finding proper probatility distribution
using K-S test (ks.test())

2. Calculating parameters for selected
probability distribution{mean(), sd())

3. Calculating ETo considering frequency
X =X+SZ

4. Caculating irrigation amount Q=10XDVE

Fig, 2 Procedure of calculating irrigation amount using Penman—Monteith evapotranspiration,

K=S goodness—of—fit test, and frequency analysis

—— Potential Daily
Evapotranspiration

Evapotranspiration (mm)
o

0 . . . : . :

1986 1988 1990 1992 1994 199 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

Fig. 3 Daily potential evapotranspiration for study area (1986—2017)
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Fig. 4 Annual mean and annual maximum potential evapotranspiration for study area (1986—2017)
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Table 2 Probability distribution type goodness—of—fit test for annual mean potential evapotranspiration

S atian I Annual mean ETo Annual maximum ETo
D p D p
Normal pnorm 0.117 0.774 0.167 0.327
Student t pt 0.942 0.001 0.998 0.001
Chi—square pchisqg 0.562 {0.001 0.453 {0.001
Exponential pexp 0.999 {0.001 1 {0.001
Beta pbeta 1 {0.001 1 {0.001
Cauchy pcauchy 0.191 0.191 0.219 0.094
F pf 0.785 0.001 0.502 <0.001
Gamma pgamma 0.985 0.001 0.920 <0.001
Log—normal plnorm 1 <0.001 1 0.001
Logistic plogis 0.189 0.204 0.237 0.054
Poisson ppois 0.710 {0.001 0.713 0,001
Weibull pweibull 1 (0.001 1 0,001
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Fig. 5 Frequency distributions and probability distributions of annual mean potential evapotranspiration (1986—2017)
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Table 3 Annual mean and maximum potential evapotranspiration
by return period

Table 4 Estimation of irrigation water requirement according to
the scenario of change in greenhouse crop area

Annual Annual max, Irrigation water requirement
T [POOX)| W z mean ETo ETo Paddy field | Greenhouse (m*/day/ha)
(mm/day) (mm/day) area crop area Applied Applied
2 05 1177 | 0.000 2718 6.225 (ha) (ha) annual mean | annual max
5 | 02 | 1.794 | 0.841 2.827 6.573 i i ETo ETo
192.9 64.1 2 311 5.413
10 0.1 2.146 1.282 2.884 6.756 1729 841 3.032 7102
20 | 0.05 | 2.448 | 1645 | 2931 6.906 152 9 1041 3753 8701
50 | 0.02 | 2,797 | 2.054 2.984 7.076 132.9 1241 4,474 10,480
100 0.01 3.035 | 2.327 3.019 7.189 112.9 1441 5,195 12,169
200 | 0.005 | 3.255 | 2.576 3.051 7.292 92.9 164.1 5,916 13,858
500 | 0,002 | 3.526 | 2.879 3.090 7.417 2.9 184.1 6.637 15,547
64.1 192.9 6,954 16,290
1000 | 0,001 | 3.717 | 3.091 3.118 7.505 41 2129 — 17979
- 241 2329 8,396 19,668
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