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Background: How do designers decide?

* Nozzle diameter and sprinkler spacing?
— Operating pressures?
— Distribution Uniformities?

» Peak design capacities relating:
— to stand times and labour issues?
— Capital expenses relating to hardware?
— Shallow and deep soils?
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Objective of the spreadsheet

 To quickly generate costs for different semi
permanent irrigation systems
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Sprinkler Package

- Nozzle Diam & Spacing

- Application Rate

- Associated Layout & Hardware

Cycle Length

Sprinkler Package

- Nozzle Diam & Spacing
- Application Rate
- Associated Layout & Hardware

Cycle Length
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Sprinkler Selection Utility

ARC Laboratory
Sprinkler Test Data

Sprinkler, CU’s
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Pressure & Qe
Nozzle
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Sprinkler Selection Utility

Selection Criteria

Sprinkler Database

Extract
appropriate
sprinklers

x:

Proposed Design Procedure - 3

Stand Time Cycle Time

« Practical application * Too Frequent
— evaporation from the

+ Options limited to: ¢
soil surface?

— 12hrs — Shallow Soils?

— 6 or 8 hrs — automated? — full soil profile =

potential for water loss
if rain occurs after
irrigation event

Sprinkler Package

Cycle Length

Appl. Test
Sprinkler |Hozzle|Nozzel Spr Rate |Tri Tri |Rect CU Rect|pressure
Type  |Diam |Material |Spreader|Spacing |Lat. Spacing|(mmf) |CU | DU% [% DU%| (kPa)
Ranbid 1 44 I AR AR
VWRSAZ|  44[Biass 0| 2 wol e || w || xR
e R3] 4 4Bnass 1 ! uo e || ow |
e R3] 4 4Bnass 1 ! uola e | n|ow |n|
Pet B2 40Phsic | 24 2 uola e || ow [a|
VWRSAZ|  44[Biass ul o uola e | n|ow |n|
WRH | Ofgasic | 29 2 ¥ o lule|n| % |7 M
WRH | Ofgesic | 24 uolu e | u| w7 m
WRH | Ofgesic | 24 7o lule|n| e 0w
WRH | ffestic | 2 7 T TR I T
WRE | afastc 0|1 AT I R T T
WRTD | 4 ase 2 7 olulnlwlon el w
Sprinkler spacing 1§
[ateral spacing )l
Areaperspnnkler [’ 318 Target Application .00 m day
Enmitter Flow who | 16N
(AR mmh Xl (ross
Cycle length davs 1000 applicationpercycle 1.6 mm/eycle
Stand Time h 1 5,16 mm day
sets per day ) )
No of sets 0
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Sprinkler Package
Sprinkler spacing 1§
lmf al Spﬁdﬂg 2] Stand Time Cycle Length
Ateaper spnnkler i 318 Target Application .00 mm day
Enmitter Flow owh | 16
AR mmh | 430 (oss
Cyelelength days | 1000 applicationpercycle 316 mmcyele
Stand Tume h ] 316 o day
sets per day 1) )
No of sets |
Sprinkler spacing 1§
latEf al Spmﬂg 2] Stand Time Cycle Length
Areapet sprnkler i 318 Target Application .00 mm day
Enmitter Flow wh | 16
(AR mh | 430 (ross
Cyelelength : 100 applcationpercycle 316 mmcyele
e ==t | UF] 316 mm dy
sets per day ) )
No of sets |

Sprinkler spacing

lateral spacing [ Stand Time | LCyele Longn |
Area per sprinkler Target Application .00 mm day
Emmitter Flow

0AR (ross

Cyelelength days | 1000 applicationpercycle 1.6 mmcycle
Stand Tume h ] 316 o day
sets per day 1) )

No of sets )

Sprinkler spacing 1§

[ateral spacing i ESa [Cyele Lengtn |
Areapet sprnkler i 318 Target Application .00 mm day
Enmittee Flow oh | 16

0AR b 430 (ross

Cyelelength : 100 applcationpercycle 316 mmcycle
ST ==t | U} 316 mn dy
sets per day ) )

Yot T
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» The following were assumed:
Target 50 Target 50
ha field ha field
Fix pipe
length to
700m
Constant Slope Constant Slope
Assume Assume
20m to 20m to
Field Edge Field Edge
River River
756 m
No. of laterals |, No. of laterals
based on lateral 7075 based on lateral
~700m spacing from = m ~700m spacing from
Sub sprinkler specs Sub sprinkler specs
main main
River River




707.5m

River

~700m
Sub
main

Length of
laterals
Too
Long?

707.5m

River

756 m

Now,
Know lateral
length,

Can
determine the
no. of
sprinklers on
a lateral

756 m
Introducing
Sub Mains
707.5m
River
ow lateral
707.5m length,

Can
determine the
no. of
sprinklers on
a lateral
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W w
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W w
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Select:

No of sprinkler = f(cycle length)
positions

Determine the Lateral Length

&3

&

% %
® %
% %
% 3%
% 3%
Fixed Length of Submain |m 100
Nao. of laterals ' submain 33
Mo of Sub mains 110 2 Cycle Length = 10
Nao. of sprinklers / days
positions lat 20
Lateral Length 1 34200
Field Width m 720.00
Field Length m 710.50
Area ha JL18
No of sprinklers 66.00
Q m'/h 107.3
No of operating
sprinklers lat 1.0for 2 sprinklers per 2 laterals
Mo of moves 20
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| Hydraulic Calculations? | Hydraulic Calculations?

Lateral Design: AB ) Lateral Design: AB )
Q L H D Clazs Int 'V Hf(HW) Hf (Gen)|Pressurs| Height |Head Q L H D Clazs Int 'V Hf(HW) Hf (Gen)|Pressurs| Height |Head
fzm (m's) (m) (m) (kFz) (m) (KPg)
300 ¢ (EW)

(m'z) (m) (m) (kP2) (m) (kP2 (m3/z) (m) max (m) Diam
3 M
“Iimi ] 300 0" (HW)

AB1 0003 2T 0,032 32&0 0.029 0.684 0.40031 AB1 029 0.684 040031
AR 0003 027 0.032 32&0 0.029) 0.684 040031 AR 029 0.684 040031
AB3 0003 027 0032 32&9 0.02%) 0.654 040031 AB3 029 0.634
AB4 0003 027 0.032 32&% 0.028) 0.654 040031 AB4 029 0.534
ABS 0003 027 0.032 32&% 0.029 0.684 0.40031 ABS 029 0.684
AB6 0003 027 0.032 32&% 0.029 0.684 0.40031 AB6 029 0.684

ABT
ABS
ABS
ABIOD
ABII

32&9
032 3249
032 3289
032 3249

032 32&0

vad

Ao
vLrF

029 0.684 0.40031
634 0.40031
634 0.40031

684 0.40031

0.40031
634 0.40031
634 0.40031
684 0.40031

o
uLd
nno
uld
NG
vLd

o
uLd
nno
uld
NG
vLd

N

Ly

P

u

n

u

n

W

M

W

N

Ly
020 0684

LR

P

u

n

u

n

W

M

Ly

N

Ly

e R

.
o
,

"
0
"
0
"
0
0
0
i
0
"
0

029 0.684 040031
"
0
0
0
0
0
i
0
"
0

P R e R I R e e e R R ]
>
5
=]

e R

CIhy GO G0 G0 G0 G0 G0 G0 G0 G0 D0 G0 G0
=]
[
-

[ R S T e T R
f=1
[
()

ABI2 0.0003 027 0.032 32&9 0.029) 0.684 0.40031 : ABI2 029| 0.634 0.40031
S1E] 2 4 i s an an nd 140
216 3.4 12 4.80 60.00 4.80

Lateral Design: AR h Sub Main Dezign CD
= - . - £ — Vv £ ) HE (Gan )| Prassurs | Hai ]
Q L Bf D Clazs Int i HffH“-} Ef (GE‘I’[] Prazours Q IE HE D Clazs Iﬂ.[ Hf (HW) Hf (Gen) Prassurz | Haizht Hzad
P T P PN . P P T (m3iz) (m) Max (m) Diam | (m's) (m) (m) (kPa) m)  (k2a)
(m3/=) (m) max (m) Diam (m'z) (m) (m) (kPa) 32800 1440 (=W
- I R 100009 21 0315 0.05 0. 0.1648) 349.64 14.40
- 002 3249 0009 0624 RESEEEY O 2 0.0009] 21 0315 005 0.047| 0. 01648 35125 14
ABI 0. 0.032 32&% 0.029 0.684 040031 0.4 3 00018 21 0315 0.063 0. 01755 33301 136
AB3 0. 0.032 32&% 0.029 0634 040031 04 4 0.0013] 21 03135 0.063 0. 0.1735] 33477 131
ABL D 0.032 32&0 0.020) 0684 040031 O 5 0.0027) 210 0315 0.075 0 0. 0.1507 1 127
ABS 0 0.032 32&0 0.029| 0684 040031 O 6 0.0027] 21 0315 0. 0 0. 0. 123
AB6 0. 0.032 3249 0.029] 0.684 040031 04 70003 1100315 007 o7z L. . 118
ABT 0 0.032 32&9 0.029) 0.634 040031 oo 3 0.0036) 21 0315 0.0 0. 0. 0. 11.5
ABT 0. 0.032 32&9 0.029) 0.684 0. 0.
P . o 00043 21 0315 O 0. 0. 11
ABR 0 0.032 32&0 0.020) 0.684 040031 0. i :::4{ 21 0315 - K . s
- - 10 00045 21 0315 0 0 0. 10.6
ABY 0 0.032 32&9 0.020) 0684 040031 O 1 00052 31 0315 0 " o o .,
an n AN 380 NG N ﬁ & =] N - ek == - - = = M M =M=
.i_B.u W VWaL JL00F WLz u..,S— D4DDJ1 W . . 12 0.0054 21 0315 0. 0. 0. 0. o758
ABIT 0O 0.032 32&0 0029 0684 040031 O . 13 0.0063 21 0315 0. 0. 1 .36
ABI2 O 0.032 32&9 0.029| 0.684 040031 35' 18.04 348.04 14 00063 21 0315 O 0. 854
1
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Lateral

Count if function

v

Automatic Calc
Hardware Qty

v

Costs Database

v

Automatic Calc
Costs

Laterals Qur Item CozTotal Cost  Submains Qty  Item Cozt Total Coat
125 Diam, 125mm Diam,
Chwd m 0 RSS49  ROOO it m 8] R34 ResiSs
Casb m 0 RES3 R 000 Clsf m 736 RESI3 RILILE
Cawd = 0 ROD R000 Cawd = 0 ROTLT  ROOO
Chsllm  ORING R 000 Casl2m 0 RINST  ROM
{COUNTIFS(Submain!SNS5:5NS984,"<400" Submain!SF55:575984,0.125) *Ingut ISBS14* Input '15G524)
RO.00 RO00
140mm Diam, 140mm Diam.
Cawé m 0 R7230 R000 Cawé m 0 RT3 RO
Cawb m 0 RES3 R000 Casf m 0 REHZ RO
Cwd = ORIB R000 Cawd = 0 RIBO RO
Casllm ORI R 000 Casl2m 0 RIGOSS  ROOO
Chwlém  OR2MY R000 Caslém 0 R24ZT RO
Cawm  OR2ETD RO00 CawXm 0 R267 RO

Laterals Qu  Item CozTotal ozt Submains Quy  Item Coxt Total Coat
125mm Diam. 125mem Diam.
(lasd m 0 R840 R0.00 Clasd m I S-lll R3849 R491288
Clas6 m 0 R68.23 R0.00 Clas6 m 756 R68.23 R5138188
Clas§ m 0 R§7.17 RO.00 (lss$ m 0 R&TIT RO
Class 12 m 0 R12587 R0.00 Class 12 m 0 RIZ8T RO
Class 16 m 0 R16191 R0O.00 Class 16 m 0 RI61S1 RO00
Class 20 m 0 R 200.94 R0.00 Class 20 m 0 R20094  RO00
R0.00 R0O.00
140me Diam, 140mem Diam,
(lad m 0 R7230 R0.00 Clasd m 0 R7230 RO.00
(las6 m 0 RSSI3 R0O.00 Clas6 m 0 R%B RO.00
Clasd m 0R123.20 RO.00 (lssd m 0 RI2B20 RO
Clas 12 m 0 R160.36 R0O.00 Clas 12 m 0 RI160.86 RO00
Class 16 m 0R24.27 R0O.00 Class 16 m 0 RI4D RO.00
Clas20 m 0 R236.79 R0O.00 Class 20 m 0 R236.79 RO00
™o |Description Costs
1|Sprinkler Package R 52645 56
2| Underground pipes R 356,786 54
2 1|Laterals R 21787920
2 2|Sub Mains R 90,11002
2.3 | Mainline R 408208
2 4|Pressure regulating valves R 634524
2.3|Cross pieces at lateral junct B 38370.00
4| Trenching costs
Laterals (@ B6 per meter R 142 260.00
Mains and Submains @@ B8 per meter R 14,976.00
Total R 366,968.10

6/29/2009
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Sample
Irrigation
Design

System Layout &
Design Capacity

Capital &
Operating
Expenses

Scheduling
Strategy

Water Balance &
Crop Yield
Prediction Model

Partial
Net
Margins

Application of Framework
to assess strategies on
shallow soils

Total
Available
water (TAW)
or TAM

57 mm

Saturation

Field Capacity (FC)

Stress Point

Permanent Wilting Point

Saturation

Field Capacity (FC)

60 %
Total depletion of
Available TAM is
water (TAW)
34 mm
or TAM Stress Point
57 mm

Permanent Wilting Point

6/29/2009
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System
Design for
such a soil?

60 %
Total depletion of
Available TAM is
water (TAW)
or TAM 34 mm
57 mm

Saturation

Field Capacity (FC)

Stress Point

Permanent Wilting Point

Target application = 5 mm/day (Komatipoort)

A typical system:
VYRSA 35 (4mm Nozzle)
At 300 Kpa

& 18 x 21 spacing
=4.3 mm/ hr & 87% CU

57 mm

6/29/2009

Target application = 5 mm/day (Komatipoort)

A typical system:
VYRSA 35 (4mm Nozzle)

At 300 Kpa
& 18 x 21 spacing
=4.3 mm/ hr & 87% CU

Operating on 12 hour stand time
Applies 51.6 mm every 10 days
=5.1 mm / day

57 mm

Constrained to 12 hours
because

abour cannot move sprinkler:

at night

Operating on 12 hour stand time

57 mm

Applies 51.6 mm every 10 days
=5.1 mm / day

13



Constrained to 12 hours
because

abour cannot move sprinkler

at night

O
5.16 mm
A

Operating on 12 hour stand time

g? mm

Applies 51.6 mm every 10 days
=5.1 mm/ day

Same system:

VYRSA 35 (4mm Nozzle)
At 300 Kpa & 18 x 21 spacing
=4.3 mm/ hr & 87% CU

W

6/29/2009

Hypothesis — Yield Improvements will
offset
Higher costs of 8 hr system

Same system:

VYRSA 35 (4mm Nozzle)
At 300 Kpa & 18 x 21 spacing
=4.3 mm/ hr & 87% CU

34.4 mm

Operating on 8 hour stand time

57 mm

Applies 34.4 mm every 6 days
=5.7 mm / day

i‘;

—

\s

A
\il

E
E £
Operating on 8 hour stand time :’r- £
Applies 34.4 mm every 6 days “(5
=5.7 mm / day
12 hour system Day Move
e—0 0 90 0 0 06 0 0 0 0 ¢

14



12 hour system

Night Move

o oo oo

N

12 hour system

Day Move

0000

N XA

12 hour system

Night Move

oo 0o

Y | SN

8 hour system

Day Move

‘leo 000 o
¥ o o0 0 o

o 000 o
o o o o o

6/29/2009
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8 hour system

Day Move

5o oo
¥ o o0 0o o

5o oo
o o o0 o o

8 hour system

Night Move

Q—X—o—o—o—o—
%o—o—o—o—o-

—o—x—o—o—o—t
g@—o—o—o—o—o

8 hour system

Day Move

oo X oo o
oS! o o 0 o

oo Koo o
e o o0 o

8 hour system

Day Move

oo R oo o
o o0 0o 0o o

D
o0 . 0 0o
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8 hour system Night Move

PPN YA NI P NEIPNEL o I SHD
o oY o o o e oY o o o

SYSTEM COSTS PER HA

Irrigation (mm)

1800

1600

1400

1200 -

1000

800

600

400

200

0 ; .
1987/08/11 1990/05/07 1993/01/31 1995/10/28 1998/07/24 2001/04/19

=12 hr stand time  -®=8 hr stand time

Sprinkler package R 1,039 R 2, 309
Laterals R 4,301 R 4, 301
Sub Mains R 1,779 R 1,967
Main Line R 81 R 90
Senniger Valves R 125 R 139
Crosses/ Tees /
Hydrants R 758 R 2,407
Trenching R 3,110 R 3, 143
Total R 11,193 R 14, 356
% 100% 128%
150
A
140 -
135

Yield (ton/ha)
@
[} o

—
n
o

115

110

105

100 T T T .
1987/08/11  1990/05/07 1993/01/31 1995/10/28 1998/07/24 2001/04/19

=12 hr stand time  -®-8 hr stand time

6/29/2009
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16,000

14,000

Partial Net Margins (R per AUC)

2,000

1987/08/11 1990/05/07 1993/01/31 1995/10/28 1998/07/24 2001/04/19

12,000

10,000

8,000 |

6,000

4,000

=12 hr Partial Net Margins <8 hr Partial Net Margins

Runoff (mm)

500
450
400
350
300
250
200
150
100
50
0

1987/08/11  1990/05/07 1993/01/31 1995/10/28 1998/07/24 2001/04/19

=12 hr Runoff =#8 hr Runoff 12 hr DP =<8 hr DP

Dr. Neil Lecler (Co-Author) &=l
mBB
Mark Zartman, Dr. Senzanje, Peter
Tweddle & Rod Harding ¢
Felix Reinders & Adriaan van Niekerk %
swes
Water Research Commission
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operation?

6/29/2009

18



hxd k4
@ W
hx4 k4
& W
hx4 k4
w W
hx4 k4
& W
hxd hyd
o W

hyd hyd
W W
hyd hyd
W W
b4 hyd
W had
hyd hyd
W W
hyd hyd
W W

R N
W W
hy4 N
W U
hy4 k(4
W W
R k4
W U
R N
W U

hyd hyd
W W
hyd hyd
U W
hy4 hyd
U W
hy4 hy4
U W
hy4 hyd
U W

6/29/2009

19



b4 A4
W w
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b4 b4
W w
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Alternative Pipe Layouts

Challenge of determining the
optimum layout

System A

System B

6/29/2009
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System C

Expensive Mainline

System A

Senniger In Line
Pressure
Regulator

6/29/2009
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Area = 53.49 ha

Sprinkler
package

Laterals
Sub Mains

Main Line

Valves

Crosses / Tees

/ Hydrants
Trenching
Total
%

System A

R 73, 385
R 303, 710
R 84, 867
R 4,082
R 8,845
R 66, 310
R 212, 592

R 753, 792
100%

System B
R 73,385
R 680, 126
R 33,783
R 111,914

R 31,974

R 228, 048

R 1,159,230 R 877,043

154%

System C
R 73, 385

R 303, 710
R 109, 177

R 108, 107
R 800

R 63, 848

R 218,016

116%

6/29/2009
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