SUPROMED: sustainable production in water limited environments of
Mediterranean agro-ecosystem
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OBJECTIVO

Matlab software named PRESUD (PREssurized SUBunit
Design) was developed to identify the optimum solid set
sprinkler irrigation rectangular subunit design minimizing
the annual water application cost per unit of irrigated area
(CT), calculated as the sum of investment, maintenance,
energy, and water costs,

Water cost include the cost to transport water from the source
to the subunit inlet.

The PRIMA programme is supported under Horizon 2020, the European Union’s Framework
B2 Programme for Research and Innovation
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Pressure distribution in an irrigation subunit in a flat area

(hp)s
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METHODOLOGY

Identification of the inlet point in paired lateral or manifold pipes

Emitter equation

q. = emission rate; K = emission coefficient;
X = emission exponent; he = inlet pressure head of the sprinkler.

manifold

d. = Kh

hf g

lateral
\
‘H AZ
L H I water Inlet N
a O‘ Ld . L,
L
So= lateral slope
m= 1.8 in Veronese Datey for head loss equation
Om 80m Slope 2% => L=200m g, = emission rate by unit of length

Equation used to calculate La

L = length of the paired lateral pipe
La = lateral length uphill of the manifold pipe
D = inner diameter of lateral pipe

0,5 Sy (1+m)

W(r,) =

0.74 0,426D-G+m)gmm

The relationship W(r;) <==>1; in table

Carrién F, Tarjuelo J.M., Hernandez D., Moreno M.A.2013. Design of microirrigation subunit of minimum
cost with proper operation. Irrigation Science. 31, 1199-1211:. DOI 10.1007/s00271-013-0399-8




METHODOLOGY

The procedure uses the following calculation stages:

Stage 1. ldentification of the inlet point and first approximation of H,: The
procedure begins by identifying a point of supply with for the previously selected diameter of lateral or
manifold pipes. It assumes that all sprinklers discharge is the average required flow (q,) (design data),
calculates the flow distribution in all pipes, and makes a first estimate of the pressure head in the inlet
subunit (H,)

Stage 2. Determination of pressure (hei) and discharge (qgei) of each sprinkler

within the subunit for Ho in stage 1: An iterative process begins calculating g, keeping the

same H, value to facilitate convergence. The distribution of flows and pressures in each pipe is
calculated. The process is repeated until the difference in sprinkler pressure between two consecutive
iterations is lower than 0.0001 m.

Stage 3. Calculation of H, value that matches g yerage = Qa0 This stage repeats Stage
2, but changing the value of H, until (q,;,,-9,)<0.001Lh™.

Stage 4. Calculation of : EU, CT, Aq (difference of sprinkler flow),and Ah (difference of pressure
heads) extreme in the irrigated subunit



Diagram of the calculus process of PRESUD tool

Stage 1. /dentification of the inlet point and first
approximation of H,
Assumption: All the emitters supplies ga

Stage 3. Calculation of the H, that make meas q.;=q,

l

Stage 2. Determination of h,;and q,;
Assumptions: Ho is considered cosntant

Ho

3

First iteration:
Calculate gei with stage 2

3

Ho

J

1t jteration:
Calculate hei-ite 1 considering q.; = q,

J

Is hei-iteration1—ha < 0.0001 m? :> No

ﬂ Calculate g,; with
Yes hei-intr n-19 nd

% calculatehy. ey | €€ NO
l v 7

s mean(gei)-ga< 0.0001 1h*? | = | No

ﬂ Increase or decrease Ho 0.1 m and
calculate Qei-iterationn With stage 2

Yj]s'<§ ﬂ 1}

Is mean(qei iteration n) E> No

Finish ~ga< 0.0001?

Is heiitern-1—heiitern < 0.0001 m?

Finish

1

Stage 4. Calculation of water distribution suitability
coefficients of variation (CVgmf)

"EU (Eq. 3); CVq (Eq. 4); Ag; Ah; C;




METODOLOGY

Total cost of irrigation water application :
C.,=C,+C,+C, +C_

1) Investment

c. - A _CRF.C,
S S
2) E
) Energy 5 98L.Qq Hy
c P.O, .En, E,
: S o __ RS
3) Water 3600 E,Qq,
Ry
Cw =RgPy "¢ Ea

Ca = Investment annuity per unit of area (€ ha?! year)

Ce = Energy annuity per unit of area (€ ha! year)

Cw = Cost of irrigation water per unit of area (€ ha! year?)
Cm = Energy annuity (5% de Ca)

A = Investment annuity (€ year?)

S = Irrigated area (ha)

CRF = Capital recovery factor

C, = Total investment cost (€)

P = Power to give pressure to the water at subunit inlet (kW)
O, = Annual operating time (h afio?)

Q.= Flow rate at subunit inlet (m3s?)

En_= Energy rates (€ kWh?)

Rg = Gross annual irrigation water requirement (m3 ha! afio)
Pw = Water price (€ m3)

Rn = Net annual irrigation water requirement (m3 ha! afio™)
Ep = Pumping efficiency (= 0,65)

Ea = General application efficiency Ea=EDa 0,92

a= Proportion of properly irrigated area (%)

CUs= Uniformity coefficient of water in the soil (%)

E, = EDa=(100+(606-24.9*a + 0.349*a2-0.00186*a3)*(1-CUs/100))/100




METODOLOGIA
Table 1. Average prices of different manufacturers and distributors in Spain

External (inner)
P -1) (1)
Concept A Ny — rice (€ m)

10 €/unit
Rlser plpe 0.30
Lateral pipe 50 (46.4 ) 0.65
PVC 0.6 MPa 63 (59.2) 0.97
(mm) 75 (70.6) 1.34

-

: : 140 (131.8) 3.52
“:32'2‘.’:'“'; :)':e 160 (150.6) 4.45
(mm) 180 (168.4) 5.63
200 (188.2) 6.78

0.6 €/unit

DPRIMA



METODOLOGIA

Table 2. Summary of the reference parameter considered in the study

Parameter . Value in reference conditions

Slope in lateral (S) 0%
Slope in manifold (S,,..) 0%
Emission exponent (x) 0.5

Coefficient of variation of sprinkler manufacturer CV, 0.03

Lateral diameter D 50 (46.4 mm) PVC 0.6 MPa
N¢ of lateral pipes in the subunit 12
Water price (P, ) (€ m3) 0.10

Energy price (En_) (€ kWh1) 0.10
Annual crop irrigation water requirement (N_) (mm Y-1) 650

Sprinkler spacing (m x m) 18 x 18 and 15x 15
Working pressure (kPa) 300 and 350
Riser of sprinkler (m) 2.5

DPRIMA




METHODOLOGY

Uniformity coefficients of water discharged by the irrigation system
1,27Cquf dmh
10
Ve dah

CV,ms =Coefficient of variation of emitter manufacturer;  q,,, = minimum emitter flow in the subunit due to the pressure,
d,, = mean of all emitter flow values due to variations in pressure; e = number of emitters per plant,

1. Emission uniformity (EU) EU=|(1— 0

4 n \
2. Christiansen emission 21: 19; - Q. | D= 100
— _ = —
uniformity coefficient (CU) CU=\1 g. n 100 U G259
and Discharge Uniformity (UD) \ ) )
n = number of emitters in the subunit; g, = discharge of each emitter in the subunit,
q, = mean discharge of all emitter; d,5= 25% of lowest discharge in the irrigation subunit

3. Total variation coefficient of CV = \/CV 2_|_ ZCV 2
flow rate in the subunit (CV,) a qmf X h

CV, = coefficient of variation of pressure; X = Emission exponent of the emitter



METODOLOGIA

Table 3. Values of the different parameter related with the sprinkler
that can be considered for Castilla-La Mancha (Spain) conditions.

Spacing . .
of | ressure D, | Pef | s ARa | es
sprinklers P (decimal) | (decimal) | (decimal) (mm h1)
i) GE)) (mm)

300 85 80  0.84 0.92 0.77 5.90 4,8+2.4
350 87 80 0.86 0.92 0.79 6.33 4,8+2.4
350 87 80 0.86 0.92 0.79 7.30 5.2+2.4
300 86 80  0.85 0.92 0.78 6.33 4.0+204
300 87 80 0.86 0.92 0.79 7.30 4,4+2.4
350 90 80  0.89 0.92 0.82 8.00 4,4+2.4




Example of PRESUD tool for subunit sprinkler irrigation design
Example of 4.54 ha of onion (252 m x 180 m, corresponding to 10 laterals and 14 sprinkler

in the lateral , with spacing 18m x 18m ), using sprinklers whit nozzles 4,8+2.4 mm, working

to a pressure of 35 m, ARa = 6.5 mm h, slope in lateral 3% and 0% in manifold.

DATOS usados

Pendiente terciaria | 0% Distancia entre ramales 18 m Adequately irrigated area (a) | 80 %

Pendiente 3% N2 de ramales 10 N2 of sprinkler per plant 2

Terciaria Alimentada por Distancia desde laentrada | O Pumping efficiency 65 %
punto intermedio hasta el 12 ramal

Ramal Alimentado por Distancia desde laentrada | O Water price 0.1€m-3
punto intermedio hasta el 12 aspersor

Exponente del X=0.5 Spacing between sprinklers | 18 m Lateral price 0.65 € m-1

aspersor (X) y CVqps | CVyms =3 %

Presion de trabajo 35m Sprinkler height 2m Manifold price 2.74 € m-1

Pluviometria media | 6.5 mm h-1 N2 sprinkler in lateral 14 Energy rate 0.1 € kWh-1

Entrada en terciaria | Entre 2 ramales Net crop irrigation water 5500 m3 ha-1 | Sprinkler price 10 € ud-1

requirement year -1
Entrada en ramal Entre 2 aspersores Application uniformity CUa | 87 Riser and coupler 1.2 €ud-1

The PRIMA programme is supported under Horizon 2020, the European Union’s Framework
m Programme for Research and Innovation
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RESULTS

The PRIMA programme is supported under Horizon 2020, the European Union’s Framework
m Programme for Research and Innovation




Example of PRESUD tool for subunit sprinkler irrigation design
Example of 4.54 ha of onion (252 m x 180 m, corresponding to 10 laterals and 14 sprinkler

in the lateral , with spacing 18m x 18m ), using sprinklers whit nozzles 4,8+2.4 mm, working
to a pressure of 35 m, ARa = 6.5 mm h, slope in lateral 3% and 0% in manifold.

ulacién (1m) (0.1m)
Comenzar | Valores por defecto | Separacion filas de Necesidades netas D Presidn (m)
aspersores(mj (m3/a) (®) Predim. I:' - 5
Pendiente terciaria(%) IIl CVam (fabricante} (%) IIl cud (%) Osl v v
a bien reg a (
Pendients ramal(%) Nimero de fias de rop ‘data RESULTS — Resurtados
o 10
PI pe j ata s En'nsures por planta CUd(%) 97.93 Presion origen _
— Alimentacién terciaria2 —— —— IIl terciaria (m}
m
D Pinchado en ramal Rendimignto 85 UD(%) 9715
Alimentacion terciarial (®) Entre dos ramales Lo IIl motor-bombal:) UEM) 92 76 Caudal total (I's) _
(®) Punto intermedio OF . Precio agua (€/m3) 0
unto tedrico oV ) 3.26
i q(%] - Caudal medio
2 - Separacion aspersores (m
() Punto extremo ) Definir longitud P p ] Precio ramal (€/m) emisores (I'h) _
- Leng. ramal 99
ramo 2
N Ep——— costdae == wm s
ascendente Precio terciaria (€/m) 274 media (mm/h
—Almentacion ramales2 — Ne de a.spersu:'es en el . Precio energia delsjE:ﬁ-ﬁre:T:I(m} 135 i
(O Pinchado en emisor rama 23 azg;ezxrd;ﬁs%} 11.06
Alimentacion ramales1 —— (@) Entre dos emizores ¥ FEEDEE IRy (Z 00 Long.terciaria a1
i i ascendente (m : i
(®) Punto intermedio ©) Punto tebrico Precio cafia y collarin (m) Dif. presion 2229
I:l Exportar resultados en CSV Siud Recald] subunidad(%)
() Punto extremo . ; (Efud) o
O Definir longitud Leng.terciaria 21
_ Diametro terciaria Diametro ramal — | descendente (m) Superficie regada 4.536
ramo (ha)
e PV C40(3T)PNS
LmusnLsnisl I:l (O PVC40(3T)PNG (®) PVC125(118.8)PNS © EE -
® PVCS0(46.8)PNE vol.apicado  |NNNGOBONNN ' ceaspersores 140
() PVC50(46.8)PNG O PVC140(133)PNE {m3/ha)
PVC160(152)PNG O pvess(se)Prs
O PVCE3(59)PNG © (=2 .
Coef. aspersor (x) 05 o PWVC1B0(171.2)PNE O PVCTS(70.4)PNG Costes (£/ha afio)
(O PVCTS(70.4)PNE i Energia Total
S O PYC200(190.2)PN6 O PYCoN(BL 4)PNS nversion — ¢
= ) PVCI0(B4.4)PNE 842 692.04 128.12 _
e (O PVC250(237 6)PNE O PYC110(104.6)PNS
) PVCA10({104.6)FNS N
pluviometria (mmih) O PVC315(299.6)PNE () PVC125(118.8)PNE Ramal medio
. d Ascendente Descendente
" 3519
Emitter data . s g o Pmedia(m) 35.47
singulares o
2106 Calcular Pminimagm) 3284 34 35




Example of PRESUD tool for subunit sprinkler irrigation design
Example of 4.54 ha of onion (252 m x 180 m, corresponding to 10 laterals and 14 sprinkler
in the lateral , with spacing 18m x 18m ), using sprinklers whit nozzles 4,8+2.4 mm, working
to a pressure of 35 m, ARa =6.5 mm h, slope in lateral 3% and 0% in manifold.

RESULTS
: 252 m .
1 Manifold —» ! |
, Lateral ~
vy Y Y ¥ ¥YI|I¥7¥9 ¥ v ¥ Y Y Y Y Y
18 m I 8l m
5 water
inlet @ :E 180 m
6
L _ Sprinkler
8 = ~
T ¥y ¥ Y Y|y ¥ ¥ ¥ Y Y ¥ ¥ Y 81 m
1 2 5 6 14
10 . v
99 m 234 m




Example of PRESUD tool for subunit sprinkler irrigation design

Example of 4.54 ha of onion (252 m x 180 m, corresponding to 10 laterals and 14
sprinkler in lateral , with spacing 18m x 18m ), using sprinklers whit nozzles 4,8+2.4 mm,
working to a pressure of 35 m, ARa = 6.5 mm h!, slope in lateral 3% and 0% in manifold.

RESULTS
Cud 97.93 % | Pressure in subunit inlet 44.16 m
uD 97.15% | Total inlet flow rate 81.94 Lst
EU 92.76 Average emitter discharge 2107 L h't
CV, 3.26 % Average application rate 6.6 mm ht
Ascending lateral length 99 m Maximum discharge variation 11.06 %
between sprinklers
Descending lateral length 135 m Maximum pressure variation in 22.29%
the subunit
Ascending manifold length 81m Irrigated area 4.54 ha
Descending manifold length 81m N2 Sprinklers 140

Applied volumen 6900 Total cost (CT) 904.36 € haly 1

The PRIMA programme is supported under Horizon 2020, the European Union’s Framework
m Programme for Research and Innovation
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Example of PRESUD tool for subunit sprinkler irrigation design

Example of 4.54 ha of onion (252 m x 180 m, corresponding to 10 laterals and 14

sprinkler in lateral , with spacing 18m x 18m ), using sprinklers whit nozzles 4,8+2.4 mm,
working to a pressure of 35 m, ARa = 6.5 mm h

o
|4 Subunidades regulares de aspersidn. Version 1.4 2017_12_04

— >
4 Figure 1 - | * L y . (1m} (0. 1mj)
Comenzar | Walores por defecto | File CEEET Presign (m)
: redim. ’ b
EF DR EHEE
Pendiente terciaria(%) |I| ¥ v
Pendiente ramal(%}) II' . Resultados
-Curua de caudales de los aspersores | Cud) 97 88 TrrtheT -
——Alimentacion terciaria2 — e terciaria (m)
(") Pinchado en ramal 0 UD(%) S
Alimentacion terciarial (®) Entre dos ramales g I S I O p e O /0 UE(%) 94 23 Caudal total (s} _
N - S
@ Punto intermedio () Punto tedrico _.. - =
wn - Caudal medio
(O Punto extremo () Definir lengitud E 2150 emisores (Uh) -
e o leng. ramal 17
- rriz:::c. i I:l E cendente (m) Pluviemetria -
S 3 2100 media(mm/h)
——Alimentacion ramales2 —— % '—D”E'arﬂ';“f"( } 17
FECENdENte (M -
(") Pinchado en emisor G 2050 azg;:;;iﬁs%} 9.63
— Alimentacion ramales1 — @ Entre dos emisores png.terciaria 81
(® Punto intermedio () Punto befiricn 2000 250 leendente (m}) Dif.l:ll_'esiﬁn 19 56
() Punto extreme 150 subunidad()
() Definir lengitud 100 150 bng.terciaria a1
B | 100 scendente (m) Superficie regada 4536
Tramo |:| 50 50 {ha} .
ascendente(m 4 . 0 0 .
Terciaria Ramales ol. aplicado - N° de aspersores 140
] {m3/ha)
e . O PVC160(152)PNS (J PVCE3(58)PNE
Coef. aspersor (x) ) PUC1B0(171 2)PNE () PVCTS(T0.4)PNG Costes {€/ha afio)
PVCTS(70.4)PNG i i
e O PueTETo O Pvc200(190.2)PN O PVCo0(34 4)PNE mversion haua Frergia o
o () PVCI0(24.4)PNE 842 692.04 128.26 -
aspersor (m) () PVYC250(237.6)PNG () PYC110(104.6)PNE

DPRIMA



Example of PRESUD tool for subunit sprinkler irrigation design

Example of 4.54 ha of onion (252 m x 180 m, corresponding to 10 laterals and 14
sprinkler in lateral , with spacing 18m x 18m ), using sprinklers whit nozzles 4,8+2.4 mm,
working to a pressure of 35 m, ARa = 6.5 mm h!

14| Subunidades requlares de aspersién. Version 1.4 2017 12 04 = X
4] Figure 1 - a x [#] Figure 2 — O X (0-1m}
Comen .
File File
Pd,f]an@m@m@@m@ BHe | ’0BE| 0OE
endien
£
Pendien|
|-Curva de caudales de los aspemores| 40 |-Cur\.ra de presiones de los aspersores
2250
%
Alimentacitn ter S | Ql 3 e 3 0
- 2200
(®) Punto intermediy = E
() Punto extreme | ")
@ 2150 L 36
S @
E P =
8 2100 Q
g :
T 11.06
| O 2080
Alimentacion rami 32
(®) Punto intermedio ) - | | 2229
() Punto extremo 2000 “-\'/ . |
250 30 -L
200 —
150 400 50 260 4536

50 - s 100 150 150 200
Terciaria Ramales - T so 100 =
Terciaria Ramales
) PUCABO(152)PNG e
() PVCE3(59)PNG .
EISEEETEETIEY ‘ O PVC180(171.2)PNE O PYCTS(70.4)PNE Costes (€/ha afio)
(O PVCTS(70.4)PNE e _ Inversién Aaua Eneraia Total




Example of PRESUD tool for subunit sprinkler irrigation design

Example of 4.54 ha of onion (252 m x 180 m, corresponding to 10 laterals and
14 sprinkler in lateral , with spacing 18m x 18m ), using sprinklers whit nozzles
4,8+2.4 mm, working to a pressure of 35 m, ARa = 6.5 mm h!

|| Subunidades regulares de aspers

ion. Version 1.4 2017_12_04

-

|4 Figure 1

O X

File

4| Figure 2

File

EE BIEREEEEE

X

— O % E (0.1m}
v

Pendien| EHQ|G§Q@®@|DE
Pendig
|-Curva de caudales de los aspersares | 40 |-Curva de presiones de los aspersares
20 Lateral|S| 6%
dalerd ope (1)
Alimentacion tes 2200 38
(® Punto intermed g =
() Punto extremo l.l'; 2150 ")
@ D 36
b= [=]
e 2100 7]
2 @
8 &
n
g 2050 o
=5
— Alimentacion ran c 2000 32 4
(®) Punto intermedio
(O Punte extremo 1950
200 = 0
150 100 - 100 150 150 100 100 150 200 =
. 00 o0
Terciaria Ramales L 00
Terciaria Ramales
O PVCE3(59)PNE RIS )
Coef. aspersor (x) () PVC1BO(1T1.2)PNE () PVCTS(70.4)PNG Costes (€/ha ano)
PVCT5(T0.4)PNS id i
T @] (70.4) O PUC2000190 2)PNE O PVCOO(E4.4)PNG Inversidn Agua Energia
rezion rapajo O PVCE0(B4. 4)PNG 842 69204 127 458
aspersor (m) . () PYC250(237 6)PNE ) PYC110(104.6)PNE
PVC110(104.6)PNG _
o () PVC315{299.6)PNE PVC125(118.8)PNE SEILTIITETE
pluviometria (mmvh) O 5L Aecerdcnis Descendente
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Example of 4.54 ha of onion (252 m x 180 m, corresponding to 10 laterals and 14 sprinkler

in lateral , with spacing 18m x 18m ), using sprinklers whit nozzles 4,8+2.4 mm, working to a
pressure of 35 m, ARa = 6.5 mm h, diferent slope in lateral and 0% in manifold.

I Ccurva de caudales de los aspersores
I Curva de caudales de los aspersores
2250 —

Q aspersores, I

Q aspersores, l'h

-
150 =LY 250
180 o0 100 ey 200 = - o0 Ly 0 'R
O 50 00 50 Terciaria Ramales
Terciaria Ramales

Lateral slope 0%

distribution

‘Lateral slope 3%

CU % 97.9
CU % 97.9
|-Cur|.ra de caudales de los aspersores UE % 92.8
UE % 94.2 =
il CV, % 3.3
CV, % 3.3 f::i‘ . C; (€ halyear?) | 904.4
C; (€ halyear?) | 904.5 =
T 3 2100- Lateral slope 6%
@D
@ 2050 CU % 97.9
le]
2000 UE % 91.9
1950 -
Wzﬁﬂ qu % 3.3
Terciaria Ramales C,(€halyeart) (903.7 D




Results for 18m x 18 m spacing

. C EU A Ah
Lateral length (m) Manifold length (m) (€ ha'a1Y'1) m (%?)

(ha) Lateral diameter (mm) Manifold diameter (mm)
50 (46.4) 140 (131.8) 160 (150.6)
Sprinkler spacing 18m x 18m, h_= 300 kPa and AR.=5.9 mm h!
| 1.56 | 42 84
| 233 | 44 88
47 95
| 3.89 | 54 108
6.3 12.8
| 5.44 | 7.7 155
| 6.22 | 6.9 14.0
| 7.00 | 8.1 16.4
| 7.78 | 9.5 19.4
Sprinkler spacing 18m x 18m, h_= 350 kPa and AR.= 6.3 mm h!
| 1.56 | 41 8.2
| 233 | 198 90 87.8 405 959 42 85
| 311 | 198 126 88.6 408 958 4.6 9.3
| 3.89 | 198 162 89.0 412 956 5.2 10.5
198 198 89.3 41.8 953 6.2 12,5
B 198 234 89.5 42.7 950 7.5 15.1
| 6.22 | 198 270 94.0 421 952 6.7 136
| 7.00 | 198 306 94.2 428 948 7.9 16.0
| 7.78 | 198 342 94.3 437 944 93 189



Results for 15m x 15m spacing (Carridn et al. 2013)

¢

Lateral length (m) Manifold length (m) (€ haly-)

Lateral diameter Manifold external

(mm) (inner) diameter (mm)

50 (46.4) 140 (131.8) 160 (150.6)

Sprinkler spacing 15m x 15m, h_= 350 kPa and AR =8.0 mm h'!

195 45 110.9 403 959 4.3 8.6
195 75 112.4 405 959 4.4 8.9
195 105 113.2 40.7 95.8 4.7 9.6
195 135 113.6 41.1 956 5.3 10.7
195 165 113.9 416 954 6.1 123
195 195 114.1 423 955 7.3 14.8
195 225 114.3 419 953 6.6 13.3
195 255 114.4 425 950 7.6 154
195 285 1145 433 946 8.8 179

DPRIMA
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