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INTRODt1CTIO'l

The ActIon Memo authonzmg the commencement of thIS \\ork was approved by USAID
on 27 December 1994 A contract between DAI and the Water and EnVIronment
Research and Study Center (WERSC) of the UnIVersIty of Jordan was approved and
sIgned on 6 Apnl 1995

The purpose of thiS work was two fold develop trammg matenal to be used to tram
farmers, N A and MOA staffs, and other 10terested partIes and to develop the capabIlIty
ofthe WERSC to prepare trainIng matenal for adult learners To successfully accomplIsh
the purposes of the contract, mtense 1OteractIOn between the WQIC Project and the
WERSC was needed Consequently, the work IS not solely that of one party but IS truly a
Jomt effort

The long nme needed to complete the modules IS due to many factors The most
Important were

• The WERSC, who has extensIve expenence m teachmg soIls and ImgatIOn courses to
students, has had ltttle expenence 10 preparmg matenal for traInIng adults The first
matenals prepared were too theoretIcal and unsUited for the mtended audIence ThIs
necessItated a complete rewnte of the first few modules and heavy edltmg ofothers

• It was deCIded early on that the time would be taken to do a good Job and not Just
rush through the process We thmk the effort has been \\ell spent

• The MWI and N A has had dIfficulty appomtmg personnel to staff a pIlot IrrIgatIOn
AdVISOry ServIce These personnel are to be the first tramed and In turn to use the
matenal to tram farmers and others ThIs defiCIency effectIvely removed the pressure
to complete qUIckly and m tum preparatIon of the modules was often set asIde for
more pressmg Issues

ThIs report, mcludmg the trammg modules, IS be10g Issued In EnglIsh, REPORT 3114
97-3b-lOE, and ArabiC, REPORT 3114-97-3b-IOA

It must be stressed that these modules are not to be Viewed as static end products Dunng
the use of each component of this work the mstructor IS requested to take notes of hIS
Ideas and comments and suggestIOns from the trainees These notes should be used to
penodIcally reVise the trammg matenal The matenal should effiCiently prOVide the
InformatIon needed by tramees and as therr needs change so should the modules, also,
changmg needs are sure to reqUIre additIonal modules

OVERVIEW OF mE MODULES

There are 20 modules plus one Trammg SessIOn PreparatIOn checklist for the InStructor
and one System Performance Evaluation EffectIveness form to be completed by the
fanner a short tIme after an evaluatIOn The modules are splIt mto three senes System
OperatIOn, System Management, and System EvaluatIOn Titles for the modules In each
senes are given m Table 1 The TrainIng SessIOn PreparatIOn checklIst (0-1) and System
Perfonnance Evaluation EffectIveness (3-0) are mcluded In the annex to thiS report, the
modules are m two (2) separate volumes

System Operanon covers the hardware of the nucro ImgatlOn system, deSIgn, operatIOn,
and maIntenance tOPiCS are covered The procedures presented Will not deSign a state of

t
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Table 1 MIcro Imganon systems trammg module number codes and ntles

the art system but wlll design a system that can achIeve hIgh ImgatIOn water use
efficIency WIth10 the constraints of today's fanner 10 Jordan

System Management covers the factors Important 10 the proper management of a mIcro
rrngatIOn system Surveys of lITIgatIon water use 10 the Jordan Valley have IdentIfied thIS

area as the one most cntIcal to achIev10g efficIent use of water resources An attempt has

been made to cover III sufficIent detaIl the four key factors In effiCIent management sOils,
use of water With vary10g levels of salImty, crop water reqUIrements, and ImgatIOn
schedulIng

System EvaluatIOn

3-1 EvaluatIOn OvervIew

3-2 Data CollectIOn

3-3 Data AnalySIS

3-4 RecommendatIons

3-5 Pumpmg Plants

System Management

2-1 Soli-Water System

2-2 Use of Salme lITIgation Water

2-3 Crop Water RequITements

2-4 lITIgatIon SchedulIng

System OperatIOn

1-0 System Overview

1-1 Pumpmg Umts

1-2 Motors and EngInes

1-3A MedIa FIlters

]-3B MedIa FIlter Backwashmg

1-4 Screen Filters

1-5 Fertdtzer InjectIon System

1-6 EmItters

1-7 Laterals

1-8 Mam and Submam PipelInes

1-9 PIpelIne ProtectIon

STRUCTURE OF EACH MODULE

Each trammg module conSIsts of four components Instructor's GUIde, Lecture Notes,
TransparenCIes, and Supplemental The first three components are presented for use by
the mstructor, the fourth IS a take-home handout for the tramee In addItIOn, the TraInmg
SeSSIOn Preparation checklIst for the mstructor should be conSIdered an mtegral part of
each module In completmg the check-lIst pnor to begmmng each module trammg
seSSIon, the mstructor ensures that trammg Will proceed smootWy With few unplanned
mterruptions

System EvaluatIOn discusses the evaluatIOn of the mICro Imgation system Both the
phYSICal hardware and management are evaluated EvaluatIOns are tools to help farmers
IdentIfy problem areas m system hardware and management Results of an evaluatIOn
allow the farmer to rank the Improvements needed based on costs and expected water
savmgs He can then Implement those Improvements that are finanCIally benefiCIal to hIS
operatIon

The System Performance EvaluatIon EffectIveness form IS to be completed by the farmer
a short time after an evaluatIon Results from this form should be tabulated and used to
IdentIfy areas 10 the evaluatIOn and reportmg process need10g Improvement
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Instructor's GUIdes gIve m bnef outlIne form the flow of the presentatIon QuestIOns to
be asked partIcIpants are presented m bold face type Notes gIvmg Ideas for presentatIOn
of the module are mcluded In some gUIdes after the outlme The gUIde should be read b)
the Instructor dunng the trammg sessIon preparatIOn stage

Lecture Notes are to be used by the mstructor m presentmg module matenal to the
tramees Instructors are expected to have suffiCIent familIanty WIth the subject of the
module bemg taught to be able to answer questIons, lead dIScussIons, and add
supplemental matena! If requested by the tramees Bold type IS used to hIghlIght
questIons to be asked traInees and to mdicate pOInts that should be stressed Bold Italte
type IS used to Inghhght matenal and mstructIOns for the mstructor Instructors should
record answers to questIons, dIscussIOn pomts, and comments on the module and place
the notes taken m the file WIth the ongmal module ThIS matenal WIll be very useful to
future mstructors USIng the same module and can be used to strengthen the module In later
reVlsions

Transparency Masters are prOVIded for each tramIng module The mstructor who first
uses the module must copy the master onto transparency film for use m the trammg
seSSIOn After the trammg seSSIOn, the transparency film should be kept m the module file
for use m later seSSIons (Show Transparency X) m the Lecture Notes tells the
mstructor when to show a gIven transparency, X stands for a sequentIal number found m
the lower nght corner of each transparency In the event of a mIxmg of transparencIes
from more than one module, each transparency has the module number m the upper fIght
corner Instructors should not Just show the transparencIes, but should use them for
InstructIOn On deSIgn figures or graphs, pomt out the steps of the deSIgn process (how to
use the figure or graph), on equatIOns, explam what each vanable represents and how Its
value IS obtamed

Supplemental contaIns the matenal presented m the trammg program and IS to be gIven to
partICIpants Supplemental contams all that IS m the lecture notes, exceptmg addItIOnal
matenal brought m by the mstructor at partICIpant requests, and IS deSIgned to proVIde the
reference mformatIOn tramees may need after the trammg program If deemed necessary,
mstructors may add matenal to the supplemental as an annex

MODULE PRESENTATION

Instructors are encouraged to read Promotmg water conservatIOn by tramzng Jordan
Valley Farmers, wInch IS mcluded m the annex to thIS report, pnor to conductIng a
tratmng seSSIon TIns sectIOn dIscusses the pnncipies Important In conductmg a
successful traImng program for adults

Modules, exceptmg system evaluatIOn field data collectIOn, are deSIgned to be presented
III one workmg day The modules requmng field collectIOn of data may need two days If
there are dIfficultIes gettmg started and m the data collectIOn process It IS essentIal that
the Instructor VISIt the farm to be used for field work In advance of the exerCIse He
should conduct a walk-through and record hIs observatIons for use when conductmg the
exerCIse An early VISIt would allow tIme for correctIOn of major defiCIencIes, If any are
IdentIfied In the walk-through, or the selectIOn of another farm In the event defiCIencIes

3
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S\stern Operation
Module 1·0

MICRO IRRIGATION SYSTEMS

SYSTEM OVERVIEW

[Instructor's GUIde]

1 MODULE OBJECTIVES

Upon completIOn oftlns module the partIcIpant Will be able to

• LIst the advantages and disadvantages oftnckle ImgatlOn

• Sketch the layout ofa tnckle ImgatIOn system and descnbe the functIOn ofeach
component

2. TRAINING AIDS

2 1 Overhead TransparencIes

2 2 ParticIpant Handouts Supplemental, descnptIOn of trIckle ImgatIOn advantages and
disadvantages and basIc system components

2 3 Eqillpment ReqUIrements

2 3 I Overhead projector

2 3 2 WhIte board, markers, eraser

2 3 3 Samples ofselected components

3. PRESENTATION PLAN

3 1 DIScussIon ofModule ObjectIves

3 2 IntroductIon to tnckle IITlgatlOn

3 2 I Ask partICipants to explam Why do you use a trickle lI"rIgatIon system on
your farm? List the advantages they see from usmg the system, record the
comments on the whIte board

3 2 2 Ask parb.clpants to DeSCribe problems you have with your trIckle
lI"rIgatIoD system? List the disadvantages they see from usmg the system,
record the comments on the whtte board

3 2 3 Compare tnckle IITlgatIOn to other lITlgatlon systems

3 2 4 DISCUSS the advantages and disadvantages of a tnckle Imganon system,
compare WIth the Itst given by the partICIpants and dISCUSS differences

3 2 5 DISCUSS how partIcipants can dImlDlsh the disadvantages of the tnckle system

326 Break [dunng break mstructor should copy reasons, problems, and key
dISCUSSion comments on paper for later reference]

3 3 DISCUSSion ofHead Control Umt

3 3 1 DISCUSS why the head control urnt IS Important and ItS functIOns

3 3 2 DISCUSS urnt components m sequence, begm at the pomt where water enters
the urnt (pool or pIpe), descnbe the functIOn ofeach component

1
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REPORT 3114-97-3b-l0E

MICRO IRRIGATION SYSTEMS

Training Modules

SYSTEM OPERATIONS

1-0 System Overview

1-1 Pumping Units

1-2 Motors and Engines

1-3A Media Filters

1-3B Media Filter Backwashing

1-4 Screen Filters

1-5 Fertilizer Injection System

- 1-6 Emitters

1-7 Laterals

1-8 Main and Submain Pipelines

1-9 Pipeline Protection

WATER QUALITY IMPROVEMENT AND CONSERVATION PROJECT

Uruted States Agency for InternatIonal Development
Contract No 278-0288-00-C-4026-00
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System Operation
Module 1-0

MICRO IRRIGATION SYSTEMS

SYSTEM OVERVIEW

[Supplemental]

1. INTRODUCTION

• Tnckle or dnp lITIgatIon IS the rrngatIOn water applIcatIOn system where water IS
delIvered by a pIpe network under low pressure and applIed at a pomt or over a
very lumted fractIOn ofthe total surface area ofa field, FIgure I

FIgure I TypIcal wettmg pattern for a tnckle lITlgatlOn system WIth 35% sod
surface wettmg

A tnckle system IS more than a means of Imgatlon It can also be utIlIzed to
proVIde the plants WIth supplementary soluble matenals such as fertilIzers,
fwmgants, msectIcIdes, and nematlcIdes Because the chemIcals are delIvered
dIrectly to the crop root zone, less IS requIred In addItIon, the danger ofburnmg
the roots IS mmmuzed because the chemIcals are greatly dIluted

• Tnckle JmgatIon systems apply water dIrectly to the crop root zone, wettmg a
lmnted amount of surface area and depth of soIl Such systems were ongmally
desIgned for apphcatlons m wlnch there were relatIvely large dIstances between
plants, such as 10 an orchard Subsequent to the successful use oftnckle systems
WIth WIdely spaced plants, specIal tubmg was developed that made dnp systems
equally applIcable to row crops

• A major drfference between tnckle systems and most other water apphcatIOn
systems IS that water used by crops IS resupplIed to the SOlI at short penods of I
to 3 days An advantage of the short rrngatIon cycle IS that soIl mOIsture IS
mamtamed near the optimum, FIgure 2, and plants always have easy access to
water, FIgure 3 DelIvery of water on a short applIcation cycle elImmates water
stress as a factor lumtmg the crop yIeld

I
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System Operation
Module 1-0

~~~gd&U--------------- --------------- ---------------

FIgure 2 RelatIve mOIsture vanatIon by lITIgatIOn method

~WETTED WIDTH--!

FIgure 4 TypIcal pattern ofsoIl wettmg under tnckle lmgatlon

2

CHARAcrERISTICS OF A TRICKLE IRRIGATION SYSTEM

2 1 Sod wettmg

• Tnckle lITIgatIon systems normally wet only a portIOn of the honzontaI cross
sectIOnal area of sod as depicted In FIgure 4 A 30% to 50% root zone
wettmg has been recommended for tnckle lITIgatIOn, tlus value IS often
exceeded m tree crops The percentage of wetted area as compared to the
entIre cropped area depends on volume and rate of discharge at each
ennsslOn pomts, and the type ofsod beIng nngated

• The area wetted at each emtSSIOn pomt IS usually qwte small at the sod
surface and expands somewhat With depth to form a bulb shaped cross
sectIon. FIgure 4

2
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SYStem OperatIon
Module 1-0

2 2 Advantages

Tnckle trngatlOn IS a convement and effiCIent means of supplytng water drrectly
to the sod surroundIng IndIVIdual plants

• Water and cost saVIngs Tnckle ImgatIOn can reduce operatmg costs, thts
has been a maIn cause of Interest In thIS new method In additIon, tnckle
systems can Imgate some lands of crops Wlth sIgmficantly less water than IS
reqIDred by the other rrngatIOn methods For example, young orchards
rrngated by tnckle system may reqUIre only one-half as much water as
orchards Imgated by spnnkle or surface IrngatIOn As orchards mature,
savmgs ofwater from operatIon oftnckle system dirntmSh, but they still may
be unportant to growers who need to Irngate effiCIently because of scarCIty
and hIgh pnce ofwater

• Tnckle lITIgatIon can reduce the cost of labor Water applIed by tnckle
needs merely to be regulated and not tended Such regulation usually IS
accomplIshed by automatIc tImIng deVIces

• EaSler field operatIOn Tnckle rrngatIon hInders weed growth because much
of the soIl surface IS never wetted by lITIgatIon water (FIgure 1) Tlus
reduces costs of labor and chenncal needed to control weeds Also, because
a tnckle system wets less soIl dunng an lITIgatIOn, umnterrupted orchard or
field operatIons are pOSSIble WIth row crops on beds, for example, the
furrows In whtch farm workers walk remaIn relatIvely dry and proVIde firm
footIng

• InJectmg fertilIZers Into the ImgatlOn water Tnckle trngatIOn can elunmate
the labor needed for ground applIcatIOn of fertIlIZers Several htghly soluble
and lIqUId ferttltzers are avaJIable for InjectIOn Greater control over fertIlIZer
placement and tInnng through tnckle lITIgatIon may lead to Improved
effiCIency

• Use ofsahne water Frequent rrngatlOns mamtam most of the soil m. a well
aerated condItion and at a soil mOIsture content that does not fluctuate
between wet and dry extremes Less dryIng down between trngatIons keeps
the salts mthe soil more dilute, maIang It pOSSIble to use more salme water
than can be used WIth other trngatIon methods

• Use on rocky sods and steep slopes Tnckle rrngation systems can be
deSIgned to operate effiCIently on almost any topography Smce the water IS
applIed close to each plant, rocky areas can be lITIgated effectIvely by tnckle
system even when the spacmg between plants IS Irregular and plant SIZes
vary Problem soIls WIth mtermIXed textures and profiles and/or shallow
sods, whIch cannot be graded, can be effiCIently lITlgated by tnckle system

3
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FIgure 5 Salt mIgratIon routes when soIl dnes after tnckle Imgatmg

System OperatIOn
Module !..Q

~sall
accumulatIon

Salt /
accumulation

• They have contmuous mamtenance reqUIrements EmISSIOn devIce cloggmg
IS the most perSIstent problem encountered With tnckle ImgatlOn PIpelIne
and component damage by equIpment, anImals, or personnel are other
problems

• They have a tendency to bUIld Up local soIl surface saluuty, FIgure 4 LIght
rams can leach the salts downward mto the root zone When rams occur
after a penod of salt accumulatIon, ImgatlOn should occur on schedule
unless about 50 mm of ram has fallen

Salts also concentrate below the soIl surface at the penmeter of the wetted
soIl volume Too much drymg ofthe soIl between lrngations may cause salts
to mIgrate back towards the center of the root zone, whIch can cause crop
damage, FIgure 5

• Where Improperly desIgned, dIstnbutlOn of water can be spotty Slopmg
laterallmes can cause mdIVldual emItters to dIscharge wIth a 50% drlference
from the desIgn volume Enutters at the ends of slopmg laterals Will dram
the laterals at shut off, some plants will receIve too much water and others
too httle

• CloggIng Because emItter outlets are very small, they can easIly become
clogged by partIcles of mmeral or orgaruc matter Cloggmg reduces
emISSIOn rates, reducmg water dIstnbutlOn uruformlty, and thereby causmg
damage to plants

SometImes mIneral partIcles or orgaruc matter present In the lmgatlOn water
are not removed before the water enters the pIpe network PartIcles may
form m the water as It stands m the hnes or evaporates from enutter onfices

2 3 Disadvantages

The mam dIsadvantages mherent m tnckle Imgatlon systems are several

• TnckIe ImgatlOn systems have a comparatively hIgh lrutIaI cost but annual
operatmg costs are comparable with other IrngatlOn methods If maIntenance
costs are not exceSSIve[
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System OperatIon
Module 1-0

between Imgatlons, Iron oXIde, calclUm carbonate, algae, and nucroblal
slImes form m some ImgatlOn systems Chenucal treatment of waters can
prevent or correct most of these causes ofcloggtng

• If an ImgatlOn IS mIssed because of uncontrolled events, crop damage may
occur qUickly The abIlIty of the roots to obtaln water IS restncted by the
relatIvely small volume of sot! wetted, which should be at least 33% of the
total potentIal root zone

• Should a mam hne or submaIn break or the filtratIOn system malfunctIOn,
contammatlOn may enter the system The contannnatIOn can plug a large
number oferrutters, wInch may result m damage to a large number ofplants

3 TRICKLE IRRIGATION SYSTEM COMPONENTS

A trIckle rrnganon system IS made up of many dIfferent speclaltzed components
FIgure 6 shows a typICal tnckle Imgatlon system layout These components can be
clustered mto two mam categones, the head control urnt and the water dIstnbutlOn
system

PRIMARY FILTER --r
FlOW CONTROL I

CONTROL HEAD

CHEMICAL TA::JI<

SECONDARY FILTER

FLOW METER

FLOW/PRESSURE REGULATOR

FIgure 6 BasIC components for water dIstnbutlOn m a tnckle rrngatIon system

3 1 Head Control Urnt Components

• Pump (OptIOnal) ProVIdes water under pressure to the tnckle rrngatIon
system ifthe water source IS at a pressure lower than that reqUIred

• MaIn Control valve Mam control valves are used to Isolate the tnckle
rrngatlOn system from the water source Thts valve IS often tmrnedlately
followed by the back flow preventIon valve

• Pnrruuy filter, generally a medIa filter The pnmary filter IS located after the
pump or mlet from a pressunzed 1ITlgatlOn water dehvery pipehne Its
purpose IS to remove both large and fine partIcles from the flow A medIa
filter IS not easIly plugged by algae and can remove relatIvely large amounts
ofsuspended solIds before cleamng IS needed

5



I
I~

I-
f
f
r:
IJ
I:
I
Ii
I
I
I
Il
Il
IJ
IJ
11

System Operation
Module 1-0

• Pressure gauges Pressure gauges are used to measure pressure dI1:ferences
across filter umts, Inlet pressure versus outlet pressure Pressure drlferences
IndIcate when a filter urnt should be cleaned or flushed A hIgh Increase In
the pressure dIfference across a filter, more than 14 to 34 kPa, mdIcates that
the filter IS beconung clogged, flow IS decreasIng, and cleamng IS needed

• Flow control valve Allows the flow to be restneted or cut off

• Back flow preventIOn valve Tlus valve IS used to prevent water In the
tnckle system pipIng from travelIng back to the source m the event of an
unscheduled shut-down ThIs IS partIcularly unportant when chenucal
l~ectlOn IS used and the potentIal eXIst for contanunatIOn of the water
source, aqUIfer

• Chenucal tank ChemIcal tanks are used to mIX fertIlIzers or other chemIcals
With water to allow theIr InjectIOn Into the rrngatIOn water delIvery plpebne

• InjectIon system DifferentIal pressure and ventun Injectors are the two
systems commonly used In Jordan The InjectIon system puts chemIcals Into
the ImgatIOn water at the deSIred concentratIOn If the chemIcal to be
IIlJected can form preCipitates, the InjectIOn system may be placed before the
media filter Generally the InjectIOn system follows the media filter to allow
removal ofpartIculate matter that may react WIth the Injected chemIcals

• Secondary filter, generally a screen filter Thts filter conSIsts of a screen
made of metal, plastIC, or synthetIC cloth enclosed m a speCIal hOUSIng used
to lumt the maxImum partIcle SIZe that can pass The secondary filter IS used
downstream of the pnmary filter to remove any partIcles that may pass
through the pnmary filter dunng normal or cleanmg/flushmg operatIOns
thIs filter removes partIculates entenng the system from the chermcal
mJector

• Flow control valve Allows the flow to be restncted or cut off ThIs valve IS
used-to establIsh a pressure dtfferentIal across the dtfferentIal pressure
Injector system

• Flow meter A flow meter IS a valuable atd In scheduhng lITIgatIons and
momtonng system performance Flow measurements can mdIcate Ifpressure
regulatIon IS malfunctlOmng, excessive leaks eXist, ermtters are clogged or
emItter openIng enlargement IS occumng Propeller meters are cheap and
should be a part ofevery tnckle rrngatlon system

3 2 Water DlstnbutlOn System Components

• MaIn pIpelIne The water delIvery pIpelIne that carnes water from the control
head umt to the submaInS or mamfolds

• Flow control valves at each off take from the mam lIne Control valves
allow the operator to easIly remove a section of the system from operatIOn
Without hampenng ImgatlOn In the remaInder of the system WIth control
valves the number of submams receIvIng water can be regulated, allowmg
plpebne pressures to be kept Wlthm operatmg ranges ofpressure regulators

6
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• Flow pressure regulators at each submam or mamfold Regulators are used
to mamtam pressures m each submam or marufold W1tlnn specIfied
tolerances Lateral operatmg pressures must be W1thm desIgn tolerances or
errusslon deVIces do not functIOn as desIgned, errusslOn umforrruty suffers,
and water IS wasted

• Submam or manIfold hne The water dehvery plpehne that supphes water
from the mam to the laterals

• Flush valves at the end of each mam and submam!me To asSISt m keepmg
sedtment buIldup at a mmunum FlushIng IS recommended on a regular
mterval All connectIons and pipehne fittmgs shall be large enough m
dIameter to facilitate flushmg FIltratIon should be effectIve enough so that
flushmg ofthe system IS needed no more frequently than once per week

• Lateral hnes The water dehvery pipehne that supphes water to the emlSSIOn
deVIces from the submam or mamfold

• Enusslon deVIces The deVIces used to control the dIscharge from the lateral
hnes at dIscrete or contmuous pomts Lme-source errutters dIscharge from
closely spaced perforatIOns, eITIltters, or a porous wall along the lateral hne
Pomt-source errutters dIscharge from mdiVIdual and WIde spaced emlSSlOn
pomts Sprayers apply water by a small spray or fine mlst to the soIl surface,
travel through the atr IS mstrumental mthe d1stnbutlOn ofwater

• Flush valves at the end of each lateral lme To asSISt m keepmg sednnent
buIldup at a mlrumum FlushIng IS recommended on a regular mterval All
connectIons and hne fittmgs shall be large enough m dIameter to facilitate
f\ushmg

7
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MICRO IRRIGATION SYSTEMS

PUMPING UNITS

[Supplemental]

1 INTRODUCTION

Pumps are simple mechamcal deVIces or machmes that convert mecharucal energy
Into hydraulIc energy WIthIn the pumped flUId They are commonly used on farms to
lIft rrngatIOn water from one elevatIOn to a hIgher level or to add pressure to the
\\tater so It may be dIstnbuted to dIfferent locatIons on the farm

Several types of pumps are aVaIlable for use m ImgatIOn deep well turbme,
centrIfugal, and ronal flow propeller pumps For the speCIfic purposes of thIS
module, It IS assumed that a conventIonal centnfugal pump, electnc or dIesel motor
dnven, IS used for pumpmg the Imgation water Centnfugal pumps are used to pump
water m apphcatlons requmng hIgh heads but lumted dIscharges

Impellers are the means ofenergy transfer from a motor or engIne to rrngatIon water
Energy transfer IS acqUIred by eIther centnfugal force or lIftIng actIOn Centnfugal
forces due to Impeller rotatIOn causes water to flow towards It'S outer edge creatmg
vacuum at the Impeller center, or eye, If the pump IS pnmed, In a radIal dIrectIOn to
the shaft The flow rate IS a functIOn of the WIdth and rotatIOn rate of the Impeller
The velOCIty of the lffipeller outer edge, a functIOn of Impeller dIameter and rotatIOn
speed, detennmes the pressure output The larger the dIameter, the greater the
pressure, the larger the WIdth, the hIgher the flow rate for a speCIfic rotatIon rate

The key requrrement In pump selectIon for typlcallmgatIOn InstallatIOns IS that there
IS correspondence between the reqUIrements of the rrngatlon system and the
maxunum operatIng effiCIency of the pump The reqwrements of the rrngatlOn
system are the flow rates and pressure output necessary to operate the system as
desIgned A pump IS selected usmg manufacturer's performance curves These
curves are graplucal presentatIons of relatIonshIps between pump dIscharge, head
output, power reqUIrement, Impeller SIZe, and effiCIency

2. PUMP SELECTION

The ann ofthe selectIon process IS to satIsfy the capacIty and total head reqUIrements
of the mganon system, whIle obtammg the maxImum attamable effiCIency at the
lowest horsepower and energy requIrement The capaCIty of the pump must satISfy
the peak rrngatIon reqwrement for the project area under the speCIfied croppmg mIX,
for a specIfic lITIgatIon reglffie The total head IS the sum of the 11ft reqUIred to bnng
the lITIgatIon water to the pump mlet and the dIscharge pressure-head reqUIred to
operate the ImgatlOn system

Usmg the capaCIty and total head, a pump IS selected from manufacturers
performance curves, see FIgure 1 for the components of a perfonnance curve The
pump should have hIgh operatIon effiCIency Next, the pump horsepower

1
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A relatIvely steep head-dIscharge (Head-Q) curve ImplIes pumpmg lIft VariatIOns as
capaCIty mcreases, accountmg for fluctuatmg water levels A flat Head-Q curve may
mdIcate the possIbIlIty of mamtammg constant heads over a varymg range of
dIscharge flows, takIng care of pressure VarIatIOns A good combmatIOn of both
characterIStIcs IS deSIred m the case of tnckle laterals operatmg at constant heads
over a vanety offlows usmg water pumped from a pool

System Operation
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2

requrrement IS deterrmned from these curves Fmally, an appropnate motor or engme
IS selected

2 1 Net PosItIve SuctIon Head

The net posItIve suctIon head (NPSH) relates the atmospherIC pressure on water
on the mtake Side of the pump to the vapor pressure of water By the tIme the
water reaches the mtake of the pump, the orIgmal head due to atmosphenc
pressure has been reduced by the heIght of the pump mtake above the water
surface, the velOCity head developed, and fnctIOn losses m the mtake pIpe If the
pressure head remammg IS less than the vapor pressure of the water at the
operatmg temperature, the water Will vaponze as It IS accelerated by the pump
Impeller A nse ofpressure to levels greater than vapor pressure, due to Impeller
rotatIOn, WIll cause the vapor bubbles to collapse VIOlently and may senously
damage the metal Impeller ThIS effect IS called caVItatIOn
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where

3

Table 1 AtmospherIc and vapor pressure constants

TDH =Hfix + Hvar

o 104
-100 10 5
-200 106
-300 10 7
-400 10 8

Altitude, m Palmos, m

10 013
20 024
30 043

Temperature,oC Pv, m

A factor ofsafety of 0 6 m IS deducted from the calculated NPSHato account for
unantICipated condItiOns on the suctIon SIde ofthe pump

The static suction lIft IS equal to the dIfference ill heIght between the level of the
water surface and the centerlIne of the pump Intake It IS defined as pOSItIve If
the water surface IS below the pump mtake The frIctIOn head loss IS computed
for the straIght length of pIpe and any fittIngs on the suctIOn SIde of the pump
The frIction head loss IS normally qUite small because It IS proportIOnal to the
flwd velOCIty squared whIch IS less than I m/sec on the suctIon SIde of a properly
Installed pump

where Patmos = atmospherIc pressure, m, hzs = statIc suctIOn lIft, m, hrs = frIctIOn
head loss on the suctIOn sIde of the pump, m, and Pv = vapor pressure at
operatmg temperature, m Values for Pv and Patrnos can be taken from Table 1 for
Jordan Valley locatIons

The NPSH aVaIlable at the pump mlet must be greater than the manufacturer
recommended NPSHr to aVOld cavItatIOn, NPSHa> NPSHr

The NPSH aVailable at the pump IS defined as

NPSHa =Patmos - hzs - hrs - Pv

System OperatIon
Module 1-1

Hfix =hzs + hZd and
Hvar =hpool +hr+ hp + V2/2g

With TDH = total dynamIC head requrrement, m, Hfix = fixed system head, m,
Hvar = vanable system head, m, hzs = static head on the suctIon SIde of the pump,
m, hZd = StatIC head on the dIscharge SIde, m, hpool = drop m pool level With
pumpmg (full level mInUS level at the Intake hmIt), m, hr = total frIctIOn head

2 2 Head Reqwrements

Pumps are chosen to match the lITIgatIon system performance charactenstlcs at
hIgh effiCIency The:first step IS to develop an rrngatIon system performance
curve winch relates the total system head to dIscharge The head reqUlfements
are two fold the fixed part doesn't change With the dIscharge and the varymg
part changes With dIscharge
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loss In the mIcro 1ITlgatIon system, m, hp = pressure head at the cntical nozzle or
drIpper, m, Y = VelOCIty at the cntical dIscharge pomt, m/sec2

, and g =

acceleratIon of graVIty, m/sec2 Usually y 2/2g IS very small and can be
neglected

The TDH IS substItuted for head m the power calculatIOns Figure 2 shows the
dlstnbutIOn ofthe components for TDH FIgure 3 shows an example of a system
head-dIscharge curve FIgure 4 shows the unpact of two dIfferent approaches to
IrrIgatIOn system operatIOn on the pump selectIOn process

TOH

FIgure 2 DtstnbutlOn of elevatIon, pressure, and frIctIon head In a centrIfugal pump
mstallatlon

2 3 Power ReqUIrements

Power reqwrements ofpumpmg plants are dIrectly proportIOnal to flow rate and
total head and mversely proportIonal to effiCIency The power must be supplied
by a motor to the pump dnve shaft so the nnpeller can nnpart power to the water
Formulas for calculatIOn ofpower reqUIrements are

P = QH/(4634E)

Where P = metrIc horse power (mhp), metrIC hp, Q = pump dIscharge, Vmm, H
= dIscharge pressure head, m, E = pump effiCIency, deCImal fractIOn

Also P = QH/(102E) for P = power In KW and Q= pump dIscharge, Ips

4 \~
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2 4 Pump SelectIOn Example

An rrngation system has a dIscharge reqUIrement of 37 8 l/sec at a total head of
18 29 m Select the most efficIent pump model for thIS appltcatIOn and from the
pump charactensnc curves determme the Impeller dIameter, operatIOn efficIency,
NPSH requIred, and power requIred

From FIgure 5, select pump model 1030A The other mformation 15 read from
the pump charactenstic curve, FIgure 6

D=241 rom
E =82 percent
NPSHr =52 m
P = 12 hp

1750 RPM

40

-;
~ 20

10

ng. I seale han;.
O'--~_"""~I:-~--I_I:.....t.._L--I..z.--I-_L-....J..._L-_--.J
o 5 10 15 30 40 50 60 80 100 120 140

LIters per Second

FIgure 5 Envelope curves for pump selectlOn based on system operatmg
reqUIrements

3. PUMP INSTALLATION

Proper mstallanon of pumps IS reqUIred to msure that (a) cavItatIOn does not occur,
(b) the pump IS operatmg on that portIOn ofthe pump charactenstic curve for whIch It
was selected, and (c) fnctlOn loss on the dIscharge SIde of the pump IS mInImIzed

3 1 Intake Lme

Certam condItIOns can promote cavItatIOn and aIr entrapment In the pump e\en
when NPSHa reqUIrements are met The entraInment of aIr can be caused by
aeratIOn of the flow before It enters the suctIOn hne

6
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FIgure 6 Pump performance curves correspondmg to the model shown In

FIgure 5

'15hp
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Z
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1750 RPM
yp. t030A 1075

Methods are avaIlable to reduce the potential for aIr entramment and caVItatIon,
see Figure 7

• Mamtam velOCItIes m the suctIon lme equal to or less than 3 3 mls

• Submerge the Inlet by a depth equal to 4 pIpe dIameters to dIscourage vortex
formatIon

• If the flow m the Inlet lme must change dIrectIon by 90 degrees, thIs IS most
effiCIently done through two 45 degree elbows

• Usmg D for the dIameter of the suctIon lme before neckIng down to the
pump mtake, the nearest obstructIon to flow should be no less than 4D from
the pump mtake

• Small bubbles generated by a fallmg stream of water pass through the
suctIon lme of the pump TIns results m reduced dIscharge m companson to

I
that mdIcated by the pump charactenstIc curve When the pipe fillmg a pool
dIscharges close to the suction mlet of the pump, water With entramed arr IS
present near the pump suctIon lme mlet When water IS entermg the pool at
the same tIme the pump IS operatIng, arr bubbles can pass mto the mlet lme
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Highest POint on Intake side

Eccentric reducer

~Two 45° elbows

FIgure 7 Recommended fittmgs on the mtake sIde of centrIfugal pump mstallatIOns

• The pump mtake should be at the hIghest posItion on the Intake lme so no
aIr IS allowed to accumulate and fonn an aIr pocket whIch reduces the flow
area It IS recommended that an eccentnc reducer be used on the pump
mtake WIth the straIght portIOn bemg on the upper part of the mtake lme, see
FIgure 7 EccentrIc reducers WIth an mtenor angle of approxImately 28
degrees gIve an optImum balance between reducer length and mInImUm
frIctIOn loss

• Allow at least 2 pIpe dIameters for clearance between the suction pIpe mlet
and the walls and floor ofconcrete sumps Use 3 or more pIpe dIameters for
clearance m earthen sumps

• It IS recommended that flanged fittmgs, whIch are bolted externally, be used
mstead of plumbmg fittmgs that are threaded The flanged fittmgs do not
have the frIctIOn losses and turbulence assocIated WIth the abrupt edges of
the threaded fittmgs

• AIr release valves that bleed aIr out of the fittmg or lme may also be
reqwred Their recommended placement IS on top of the pump housmg or
at the hIgh pomt In the hIgh velOCIty dIscharge AIr release valves preclude
the formatIOn ofan aIr pocket that may partIally block the area

3 2 DIscharge Lme

Pumps are reqUIred to pressunze water at the deSIgn dIscharge Needless
headloss, wlnch must be pmd for m energy costs but serves no benefit to the
system, IS to be aVOIded ExceSSIve headloss results m the system operatmg on
dIfferent portIons of the pump charactenstIc curves, at a hIgher head and lower
dIscharge at a lower effiCIency It also results m hIgher energy costs per volume
ofwater delIvered to the soIl

There are two major cntena for reducmg the fnctIOn loss on the dIscharge SIde
of the pump to the lowest pOSSIble amount (a) water does not lIke to tum comers
and (b) fittmgs should be placed m the low velOCIty flow stream These
recommendatIOns are accomplIshed by mInImIzmg the number of elbows on the

8
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dIscharge lme and by expandmg up to the mamlme dIameter before mstalhng
flow control fittmgs

• The number of elbows may be mImmIzed by mspectmg the pump locatIOn
and the dIrectIOn reqUIred for the dIscharge (1 e, dIrectIon of the mamlme)
Adjustment of the dIscharge dIrectIon can often be accomplIshed by
unboltmg and rotatIon of the pump dIscharge housmg, whIch can be
performed m the field

• The recommended way of expandmg to the mamlme dIameter IS by
mstaliatlon of a concentnc expansIOn, WIth an mtenor angle of bemeen 10
and 16 degrees, that goes dIrectly from the pump dIscharge to the mamlme
dIameter The absolute mmImum frIctIon loss IS accomplIshed by a fittmg
that has a concentrIC expansIon up to about 80 percent of the downstream
dIameter followed by an abrupt expansIOn to the full dIameter

• Flanged fittmgs reduce turbulence and frIctIOn compared to threaded
fittIngs

DIscharge Lme InstallatIon Companson

A pump WIth an electnc motor IS to be operated for 2000 hours per year
Assume the cost of electncIty IS JD 0 04/kWh and the electnc motor effiCIency IS
85 percent The dIscharge IS requIred for flow m a hOrIZontal mamlme 20 cm In

dIameter The reqUIred flow rate IS 37 83 Ips, the pump dIscharge dIameter IS 7 5
em, and the pump effiCIency IS assumed constant m order to compare the effects
ofthe dIscharge fittmgs alone Two InStallatIOns are to be evaluated

1 Verttcal-throw dIscharge from pump

• Flow turned honzontal by branch flow through a 7 5 cm tee WIth
threaded fittIngs and IJD rano equal to 60

• 7 5 em gate valve WIth LID rano equal to 8

• Abrupt expansIOn m dtameter from 7 5 cm to 20 cm

2 Honzontal-throw dIscharge from pump

• Concentnc expansIOn m dIameter from 7 5 cm to 20 cm WIth 12 degree
mtenor angle

• 20 cm dIameter gate valve WIth LID ratIo equal to 8

The solutIOn IS obtamed by applymg the appropnate reSIstance coeffiCIents to
compute the headloss through each fittmg For all fittmgs other than the abrupt
and concentnc expanSIOns, the headloss IS computed as

where he = mctIOn headloss, m, K = reSIstance coeffiCIent (Table 2), V = flow
velOCIty, mfs, and g = acceleranon of graVIty = 9 81 mfs2

9
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For the abrupt expansIon, K IS calculated from

where dl =upstream pIpe dIameter, cm, and d2 =downstream dIameter, cm For
the concentrIc expansIon, K IS calculated usmg

where e=mtenor angle, degrees

The power reqwred to overcome the headloss to push the water through the
fittmgs IS calculated usmg

p= QxH
102x E

where P =power, kW, Q =dIscharge, Ips, H =total frIctIOn headloss through the
fittIngs, m, and E = efficIency, deCImal fraction In thIS example E WIll only
refer to the motor effiCIency smce pumps for both mstallatIOns are assumed to
have the same effiCIency In realIty, E should be the pumpmg plant effiCIency,
wInch IS the product of the motor and pump effiCIenCIes The annual operatmg
cost IS computed by

C= P x Tx Ce1ec

where C = annual operating costs, ID/yr, T = annual time of operatIOn, h, and
Ce1ec ~ cost ofelectrIcIty, ID/kWh

Usmg data from Table 3, the dIfference m annual operatmg costs for the two
mstallatlOns IS

AC=C1 -C2

AC = ID255 68 I yr - JD26 48 / yr = ID229 20 I yr

The JD229 21s the addInonal cost per year to pressunze the water to get It
through the hIgh headloss fittIngs ThIs cost can be completely aVOIded by
selecnon ofthe correct mstallanon conflguranon gIVen by InstallatIon #2

10
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I Table 2 Values of resIstance coefficIent, K, for standard pIpe fittmgs and valves

I~
Nommal dIameter - mm (m )

Standard fittmg 75 100 125 150 175 200 250 300 350
or valve (3) (4) (5) (6) (7) (8) (10) (12) (14)

1- Elbows Flanged
Regular 90° 034 031 030 028 027 026 025 024 023

I~
Long radIus 90° 025 022 020 018 017 o15 014 013 012
Long radms 45° 019 018 018 017 017 017 016 015 015

Elbows Screwed

13 Regular 90° 080 070
Long radius 90° 030 023

~
Regular 45° 030 028

Bends
Return flanged 033 030 029 028 027 025 024 023 023

Ii Return screwed 080 070
~~

Tees Flanged, Lmeflow 016 014 013 012 011 010 009 008 008
Branch flow 073 068 065 060 058 056 052 049 047

Tees Screwed

[ Lmeflow 090 090
Branch flow 120 110

I]
Valves Flanged

Globe 70 63 60 58 57 56 55 54 54
Gate 021 016 013 011 009 0075 006 005 004

i
Check 20 20 20 20 20 20 20 20 20
Angle 22 21 20 20 20 2.0 20 20 20

Valves Screwed

I Globe 60 57
Gate 014 012
Check 21 20

I Angle 13 10

Foot Valve 080 080 080 080 080 080 080 080 080

I Basket Stramer 125 105 095 085 080 075 067 060 053

Inlets or Entrances

II Inward 078
ProJectmg

Sharp cornered 050 All diameters

IJ SlIghtly rounded 023 All dIameters
Bell-mouthed 004 All dIameters

IJ Sudden enlargements K = [1-(Drlf where Dr = ratIo ofsmall to large mSIde dIameter

Sudden contractIon K =0 7 [1 - (Dil

IJ
Il 11
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Table 3 Companson of pump mstallatIon annual energy costs

Dresser
/COUPl109

oresser~

coupltnQ \

FIgure 8 SchematIC ofmstallatlOn With correct support of mtake and dIscharge
lmesto pump

System Operation
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I
It IS common to fit the mtake and dIscharge lmes With Dresser couplmgs thIS

type of fleXIble couplmg absorbs elongatIon and shnnkage of the pIpelme that
occurs With temperature changes and dunng p~p operation

3 3 Pump Support

Pump support refers to the support of the mtake and dIscharge hnes connected to
the pump Pump housmgs are not constructed to support the weIght of the rntake
and discharge lmes, espeCIally when they are full of water The pump and motor
should be securely anchored 10 therr permanent positlOn The mtake and
dIscharge pIpes should then be brought to the pOSItIon of the pump and
supported so they can be directly bolted to the pump us10g flanged fittIngs
Proper mtake and dIscharge lme support IS shown 10 FIgure 8

InstallatIOn # 1 InstallatIOn # 2

Inlet dla K Headless Inlet K Headless
FIttIng (cm) factor (m) FIttmg dia factor (m)

(cm)

Tee branch 75 108 404 Concentnc exp 75 020 075
Gate valve 75 014 052 Gate valve 20 011 001
Abruptexp 75 074 277

Total (m) 733 Total (m) 076
PowerReq PowerReq
(kW) 3 196 (kW) 0331

Annual Annual Cost
Cost(JD) 25568 (JD) 2648
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System OperatIon
Module 1·2

MICRO IRRIGATION SYSTEMS

MOTORS AND ENGINES

[SUPPLEMENTALI

1 INTRODUCTION

The goal m selectmg a power urnt for an ImgatlOn system IS to choose one that IS
relIable and able to dnve the pump so It delIvers the deSIred Qs and TDH and IS cost
effective The chOIce between electrIc motors or the vanous types of mternal
combustion engmes should be based on the expected hfe-cycle cost of owrung and
operatmg the power umt (costs of competitive energy sources electnc, dIesel, or
gasolme)

2 ELECTRIC MOTORS

Electnc motors are charactenzed by long hfe, low mamtenance requrrements, and
hIgh rehabIhty They keep a constant efficIency and rpm under varymg load
condItions Larger motors are more effiCient m thIs respect, they exhIbit low
substantIal change In effiCiency WIth age Motors draw power In accordance WIth
actual prevaIlmg loads

Motor performance can be degraded due to excessive heat resultmg from overload,
poor ventIlation, low voltage and voltage Imbalance among phases of a 3- phase
motor Motor hfe can be Increased by mamtammg loads at 100% or less, confinmg
voltage Imbalance WIthIn 4% and Increasmg the current power producmg factor

t

When an electrIc motor IS used to drIve the pump, the rotation speed of the pump WIll
be fixed For 50-eycle electrICIty It IS approxnnately 1465 or 2875 rpm

Electnc motors are capable of contInUOUS operation at their rated horsepower
prOVIded they are adequately cooled When operated at half or more of therr rated
output the energy per urnt or power output, kW/hp-hr, IS nearly constant

SelectIng a swtable motor for a dIrect or mdrrectly coupled electrIc-powered
purnpmg plant IS relanvely easy The motor needs to have a rated power output at
least equal to the power requrred to dnve the pump at the necessary or desrred speed
Table 1 gives the effiCiency ofelectrIc motors at dIfferent loads

3 ENGINES

Internal-combustion engmes used m rrngatIon are generally higher m InltIal cost and
more dIfficult to mamtam than electrIc motors, but therr fuel cost IS usually lower
Where portabIhty IS desrred or where provldmg access to an adequate source of
electrICity would be prombitIvely expenSive, mternal-combustlOn engmes are the
only option

1
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Selectmg an engme to dnve a pump IS considerably more complIcated than selectmg
a motor Engme speed can vary, and as It vanes, the power-output capabilIty of the
engme, urnt fuel consumption and effiCiency also vary Information on aB engme's
output and fuel consumption at varyIng speeds should be aVailable from the
manufacturer A tyPiCal perfonnance curve IS shown m Figure 1

2

Table I Motor effiCiency at vanous horsepower and loads

Figure 1 A diesel engme's performance curves for contInuous duty
(With no accessones) at sea level and 15 °c
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Some performance curves are for engmes operatmg mtermIttently and stnpped ofall
accessones that take output power Such curves need to be derated by 15 to 20% to
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System OperatIon
Module 1-2

allow for contmuous operatIon In addItIOn, 2 to 4% ofthe output power must be
subtracted to allow for an arr cleaner, generator, and muffler A coolmg fan
consumes 5 to 10% ofthe engme's output power

Performance curves are usually reported for an engme operatmg at sea level at an
ambIent temperature of 15°C The densIty of the aIr and thus the quantIty of oxygen
decreases as eIther elevatIon or temperature mcreases It IS necessary to derate
engme perfonnance to adjust for the ambIent temperature and elevatIon of the pump
mstallatIon
General rules for altItude and temperature deratmg ofnaturally aspIrated engmes are

• Reduce contInuous load ratmg by 3% for every 300 m above sea level
• Reduce contInuous load ratmg by 1% for every 5 °c above 15°C

After deratmg for altItude and temperature, remember that some power IS reqUIred for
the accessones mentloned above

3 I IndIrectly coupled pump

The procedure to select an engme to drIve an mdIrectly couple pump IS relatIvely
SImple

• Fmd an engme that appears to have suffiCIent power when operatIng at a
swtable speed and WIthm Its effiCIent speed range

• Derate the engIne's rated power output, at the selected speed, for altItude and
temperature

• Subtract the power reqUIred to operate the necessary accessones and
atoohary eqUIpment plus an addItIonal 10% (ofthe derated power output)
from the derated power output at the deSIred speed The addItIonal 10% IS a
safety factor

• Check whether the reqwred power to drIve the pump IS WithIn ±5% ofthe
value determmed m the above step IfIt IS, the power urnt IS well SUIted to
dnve the pump at the deSIgnated speed

3 2 Duectly coupled pump

Both the engme and the pump WIll run at the same speed when they are dIrectly
coupled Thts adds to the compleXIty ofmatchmg them, because both the power
requued by the pump and the engme output power depend on the speed of
rotatIOn The power output of the engme mcreases almost dIrectly With the
rotatIon speed winJe the power reqUIred by the pump mcreases as the cube ofthe
speed

• Fmd an engme that appears to have suffiCIent power when operatmg at a
swtable pump speed for the reqUIred Qs and TDH WIthm the engme's
effiCIent speed range

• Derate the engme's rated contmuous-power output versus rotatIon-speed
curve for the SIte elevatIon and Inghest antIcIpated ambIent temperature at
the au filter mlet

3
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System OperatIon
Module 1-2

• Subtract the power reqUIred to operate the necessary accessones and
auxIlIary eqUIpment plus an addItional 10% (of the derated power output)
from the derated curve to obtam the avaIlable power curve The addItional
10% 15 a safety factor

• Check the pump's charactenstIc curves to determme If there IS an Impeller
dIameter and speed cOmbInatIOn that has a power reqUIrement WithIn ±5%
of the avaIlable power curve determmed m the above step If there 15 such a
combInation WIthm the pump's effiCient operatmg range that Will give the
reqUIred Qs and TDH, the power urnt IS well sUited to dnve the pump

4
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System OperatIon
Module 1-2

MATCHING AN ENGINE AND PUMP

CASE STUDY, DIRECT COUPLED

Given

Engme WIth the performance curve shown m FIgure 2
Power reqUIred by the pump =60 hp
Pump speed = 2000 rpm
ElevatIOn IS 1,524 m above sea level

MaxImum temperature expected m the pump house ~ 38°C
The engme WIll be arr-cooled

DeSign

From FIgure 2 the rated contmuous daily duty power output of the engme IS 92
horsepower when operatmg at 2000 rpm, sea level, and 15°C Deratmg the power
output for elevatIon and temperature gIves

92[10- OO{I;~;) _OO{38 ~ 15)] = 737 hp

Assummg 3% of the power 15 reqUIred for accessones and 7 5% 15 reqwred for the
coolmg fan, the remammg power IS

737 (10 - 0 03 - 0 075) =66 0 hp

I
AllOWIng a 10% factor for safety, the power remammg to dnve the pump IS

66 0 - (0 1 x 73 7) = 58 6 hp

ThIs IS WIthIn ±5% ofthe 60 hp reqwred to drIve the pump, and 2000 rpm IS WIthIn

the engme's effiCient operatIng range

From the fuel-consumpnon curve m Figure 2, the rate ofdiesel consumptIon WIll be
o24 I1hp-hr when the engme IS over 80% loaded When producmg 60 hp to drIve the
pump plus the power reqUIred by accessones and the coolmg fan, the engme's fuel
consumptIon rate Will be about

024 [60 + 73 7 (0 03 + 0 075)] =163 lph

5 J~
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FIgure 2 A dIesel engme's performance curves for contmuous duty
(WIth no accessones) at sea level and 15 °c
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Table 1 CharactenstIcs of filter medIa

[Supplemental]

System Operation
Module 1-3A

011 0 15
008 011
008 010
006 008

FIltratIon capacIty
006 0102

Ipm/cm2 Ipmlcm2

19
1

0825
055

MedIa
SIZe
mm

No 8 Crushed gramte
No 11 Crushed gramte
No 16 Crushed SIlIca
No 20 Crushed SIlIca

MedIa Type

UmformIty cannot be overlooked m the medIa selectIOn cntena Extremely fine media
partIcles m an otheI'Wlse larger grade of medIa may pass through the filter and on to the
rrngatlon system, potentIally cloggmg the system All filtratIon medIa should have a
umformlty coeffiCIent (Ve) of 1 5 or less The UC IS defined as the 40-percent retamed
SIze of the medIa dIVIded by the 90-percent retaIned SIZe Retamed SIZe refers to the

MICRO IRRIGATION SYSTEMS

MEDIA FILTER DESIGN

MedIa filters are pnmanly used for filtenng out heavy loads of very fine sand and
organIC matenal Sand medIa filters are most effective In filtenng organIC matenal,
because they can collect contammants through the depth of the sand bed and accumulate
large quantitIes of algae before backwashmg IS necessary A sand medIa filter can handle
larger loads of contamInants than a screen of comparable fineness It can do It WIth less
frequent backflushmg and a smaller pressure drop

MedIa filters, or sand filters, are generally very relIable and reqUIre lIttle mamtenance
Proper filter medIa selectIon and proper set up and adjustment are CruCIal to satIsfactory
operatIon Recommended practIce IS to use a screen filter downstream from the media
filter to catch particles that escape dunng backwashmg

2. DESIGN

It IS recommended that medIa matenal be fine enough to retaIn all partIcles larger than
one-tenth the jmameter of the ontice or flow passages of the emItter CharactenstIcs of
common medIa used mfilters IS gIven mTable 1 The sand particles should have ragged
edges WIth a range of SIZeS to create a tortuous path CrushIng plants are a good source
for SUItable matenals Most nver sands have rounded edges and are not SUItable as
filtratIon medIa.

1. INTRODUCTION

Graded-sand medIa filters consist of fine gravel and sand ofselected SIzes placed InSIde a
cylmdncal tank As water passes through the tank, the gravel and sand perform the
filtratIOn
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partIcle SIzes of the medIa that are retalned In a SIeve analysIs A value of DC = 1 0
indIcates that all partIcles are of the same SIze

System OperatIOn
Module 1-3A
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Particles retamed on screen, %

FIgure 1 FIlter medIa particle SIze analysIs

UC=~=174
046

A DC = I 74 mchcates that the sample matenalis not sUItable for use as filter medIa
unless the very small partIcles are removed

The mecha should be from parent matenal that does not chssolve m the lITIgatIon water,
the cheIDlca1s found m the water must be consIdered

At a flow velOCIty of 0 102 Ipm/cm2 of filter surface, the numbers 8 and 11 crushed
granIte remove most partIcles larger than one-twelfth of the mean granule size or
approX1lllately 0 16 and 0 08 mm, respectIvely The SIlIca sand medIa, numbers 16 and
20, remove partIcles approxunately one-fifteenth the mean granule SIZe or apprmamately
o06 and 0 04 mm, respectIvely The SIze of partIcle passmg through the mecha mcreases
as the rate offlow mcreases

The total number (and/or SIze) of tanks requIred IS determmed by dIvldmg the system
flow rate by the rated capaCIty of each tank At least two tanks are required per
system to prOVIde backwash capablhty. Typically, three or more tanks In a system
proVide better performance durmg backflush, because 2/3 or more of the filtered flow
capaCIty, InStead of 1/2, IS avaIlable to backflush each tank

2
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Flow rates through each filter should be greater than 0 06 Ipmlcm2 of filter surface
area. If the filter IS sIzed for flow rates below 0 06 Ipm/cm2 of filter surface area, It IS
commonly expenenced that channelmg WIll take place WIthm the medIa As a result a
pressure drop may not be sensed, whIch may lead to not backwashmg filters that are m
fact dIrty ThIs can lead to the movement of contammants through the filter medIa and
mto the rrngatlon system MedIa filter tanks should be backwashed each day, regardless
of the pressure readIngs across the filter

Flow rates through each fIlter should be less than 0102 Ipmlcm2 of filter surface
area. At Ingher flow rates turbulence WIthIn the filter WIll cause conmg and dIsruptIOn
ofthe medIa bed, creatmg dIstortIons and aberratIons of filter performance

A gravel pack of washed, crushed rock 1 3 cm - 1 9 cm m sIZe IS used to prOVIde
coverage of 5 1 cm - 7 6 cm above the hIghest pomt of the filter underdram The
fIlter medIa should be packed to an appropnate depth (about 36 cm or to one half
the dIameter of hOrIZontal fIlters) with silica sand or eqUIvalent crushed matenal
Fl1ter deSign must allow for a 60% expansIOn of the bed upon backwashmg, otherwlse
some sand would be lost WIth the backwash water It IS recommended that the depth not
exceed 46 em to 90 cm or the bed may not lIft properly when the filter IS backwashed and
channels of coarser aggregate may develop, whIch Will reduce the effectIveness of the
filter

Tables 2 and 3 gIve typIcal backwash flow reqUIrements and tank SIZe and number
recommendatIons for vertIcal medIa tanks Slffillar tables can be denved for honzontal
mematanks

Table ~ TypIcal backwash flow reqwrements for vertIcal medIa tanks

Tank dIameter MedIa bed area Backwash flow
(em) (em2

) rate Opm)

50 1,963 130
60 2,827 187
m 3,~8 ~4

80 5,027 332
90 6,362 420
100 7,854 518
110 9,503 627
120 11,310 746
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FIgure 1 Defimnon offilter and medIa tenns

Table 3 Recommended medIa tank SIzes, vertIcal onentatlOn

2-46
3-46
3-60
3-61
3-70
3-76
3-76
4-76
4-76
4-76
4-91
4-91
4-91
3-122
3-122
3-122
3-122
4-122

Number and
SIze (eM) of

Tanks

System OperatiOn
Module 1-3A

3 15
631

8
946
12

1262
1577
1892
2208
2523
2839
31 54
3469
3785
4100
4416
4731
5046

ImgatlOn
System Flow
Rate (LPS)

In honzontal fliters, the depth of medIa matenal SIgnIficantly effects the surface area of
the medIa bed
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GIven the dIameter of the medIa filter tank (D), the medIa bed WIdth (W), and the medIa
bed depth (M), then the equatIons relatIng the vanables are

W=[n2-(D-2M)2] 1/2

or

FIgure 2 can be used to find the WIdth of the medIa bed If the depth of medIa ill the filter
tank IS known It can also be used to find the depth of medIa needed to satIsfy a gIven
bed WIdth reqUIrement FIgure 3 shows the range of flow-rate filter-bed area values that
are acceptable

Figure 2 MedIa depth surface-WIdth relanonslnps for common honzontal filter dIameters
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Figure 3 Range ofacceptable deSign values for flow-rate and medIa surface area
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MEDIA FILTER DESIGN

CASE STUDY I

1 DESIGN DATA

Normal flow rate IDto the system =12 Ips =720 lpm
Assume dIrty to extra dIrty water
Smallest eIDltter passage = 1 m.m
A pump supphes water from a pool, flow rate can be mcreased for backwashmg

2. DESIGN STEPS

• Mean filtratIon capacIty needed 1 mm/l0 =0 1 nun dIameter

• Proper medIa to use Table 1 shows that number 11 Crushed granIte has a mean
filtratIon capabIlIty ofabout

008 mm @ 0 06 Ipm/cm2
, and

011 mm @ 0 102lpm/cm2

TIns medIa IS SUItable for the flow rate and water condItIOns

• MedIa filter bed area For extra dIrty water the flow rate through the medIa bed
should be low, use 0 07 Ipmlem2

720 lpm / 0 07lpmlcm2 = 10,286 cm2

• Tank SIZe for rrngatIon flow rates Table 2 shows

7,696 cm2 WIth 2 - 70 em tanks or
11,1544 em2 WIth 3 - 70 em tanks

The temptatIon IS to merease the flow rate through the medIa bed and use the 2 - 70
em tanks ThIs would be a IIllstake because It IgnOres the hydraulICS of the system
dunng backwash.

• Tank SlZe for Irrlganon and backwashmg flow rates, two tanks

Flow rate per square cm =720 lpm / 7696 cm2 =0 094 Ipm/cm2

Durmg the backwash cycle, the total reqUIred flow rate would be

Total flow rate =normal flow + backwash flow (Table 2)
974 lpm = 720 lpm +254 lpm

WIth a two tank mstallatIon, the flow rate per urnt area through the one tank not
bemg backwashed would be

974 lpm / 3,848 cm2 = 0 253 Ipm/cm2

TIns flow rate IS more than double the maxunum allO\\ able and therefore
unacceptable At hIgh flow rates the quantIty ofmedIa matenallost dunng each
backwash cycle WIll be great

• Tank SIZe for rrngatIon and backwashmg flow rates, three tanks

Flow rate per square em =720 lpm /11,544 cm2 =0 062 Ipmlcm2

7
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Table 1 CharactenstIcs offilter medIa

011 015
008 011
008 010
006 008

Filtration capacity
006 0102

Ipm/cm2 Ipm/cm2

Merna
sIZe
romMecha Type

INo 8 Crushed gramte
No 11 Crushed gramte
No 16 Crushed slhca
No 20 Crushed slhca

Table 2 TYPICal backwash flow reqUIrements for vertical medIa tanks

Tank: diameter Media bed area Backwash flow
(cm) (cm2) rate Opm)
50 1,963 130
60 2,827 187
70 3,848 254
80 5,027 332
90 6,362 420
100 7,854 518
110 9,503 627
120 11,310 746

System Operanon
Module 1-3A

In most situatlons the nummum number oftanks should be three WIth three tanks
about halfof the mflow would always be aVailable for lITlgatlon and backwashmg
velocitles Will not be exceSSIve WIth two tanks, no flow would be aVailable for
rrngatlOn dunng the backwash cycle and m many cases the backwashmg velOCItIes
are exceSSIve

The recommended configuratIOn would be 3 - 70 cm vertical fIlter tanks filled
with number 11 crushed gramte media

Dunng the backwash cycle, the total requIred flow rate would be

Total flow rate =normal flow +backwash flow (Table 2)
974 lpm =720 lpm + 254lpm

WIth a three tank mstallatlOn, the flow rate per urnt area through the two tanks not
bemg backwashed would be

974lpm /7,696 cm2 = 0 127 Ipmlcm2

ThIs flow rate IS shghtly higher than the maxlffium allowed durmg filtratlon mode
but IS acceptable for the short backwashlng cycle
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MEDIA FILTER DESIGN

CASE STUDY II

1 DESIGN DATA

Normal flow rate mto the system = 8 Ips = 480 Ipm
Assume dIrty to extra dIrty water
Smallest eIll1tter passage (GR emItter) = 1 mm
A pump supplIes water from a pool, flow rate can be mcreased for backwashmg

2 DESIGN STEPS

• Mean filtratIon capacIty needed 1 mm/l0 = 0 1 mm dIameter

• Proper medIa to use Table 1 shows that number 11 Crushed gramte has a mean
filtratIon capabIlIty ofabout

008 mm @ 0 06 Ipm/cm2
, and

011 mm@ 0 1021pm/cm2

ThIs medIa IS swtable for the flow rate and water condItIOns

• MedIa filter bed area For extra dIrty water the flow rate through the medIa bed
should be low, use 0 06 Ipmlcm2

480 lpm / 0 07 Ipm/cm2 =6,857 cm2

• Tank sIZe for unganon flow rates Table 2 shows

7,696 cm2 WIth 2 - 70 em tanks or
8,4~1 cm2 WIth 3 - 60 cm tanks

The temptatIon IS to mcrease the flow rate through the medIa bed dunng the
backwashmg cycle and use the 2 - 70 em tanks TIns would be a mIstake because It
Ignores the hydrauhcs ofthe system dunng backwashmg

• Tank SIZe for unganon and backwashmg flow rates, two tanks

Flow mte per square em =480 lpm /7696 cm2 =0 062 Ipmlcm2

Dunng the backwash cycle, the total reqUIred flow rate would be

Total flow mte = normal flow +backwash flow (Table 2)
734 lpm =480 lpm + 254 lpm

WIth a two tank mstallatlOn, the flow rate per umt area through the one tank not
bemg backwashed would be

734lpm /3,848 cm2 =0 1911pmlcm2

ThIs flow rate for backwashmg IS greater than the maxImum allowable and should
not be used At hIgh flow mtes the quantlty ofmedIa matenallost dunng each
backwash cycle WIll be great

• Tank SIZe for rrnganon and backwashmg flow rates, three tanks

Flow rate per square cm =480 lpm /8,481 cm2 =0 057lpm/cm2

9
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System OperatIon
Module 1-3A

Dunng the backwash cycle, the total required flow rate would be

Total flow rate =normal flow + backwash flow (Table 2)
667 lpm = 480 lpm + 187 lpm

With a three tank InstallatIon, the flow rate per urnt area through the two tanks not
bemg backwashed would be

667 lpm / 5,654 cm2 = 0 118 Ipm/cm2

TIns flow rate IS shghtly hIgher than the maxunum allowed dunng filtratlon mode
but IS acceptable for the short backwashIng cycle

The recommended configuration would be 3 - 60 cm vertIcal filter tanks filled
with number 11 crushed graDlte media

In most SituatiOns, partIcularly where the filtratIon tanks are directly connected to
the N A pressure pIpelme, the mmunum number of tanks should be three WIth
three tanks about half of the InflOW would always be aVaIlable for rrngatIon and
backwashmg velOCItIes wIll not be exceSSIve WIth two tanks, no flow would be
avaIlable for rrngatlon dunng the backwash cycle and m many cases the
backwashmg velOCItIes are exceSSIve

10
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MICRO IRRIGATION SYSTEMS

MEDIA FILTER BACKWASHING

(Supplemental]

1. INTRODUCTION

Backwashmg of the medIa filter IS an essentIal part of the filtenng process If It IS not
done at the proper tune flow IS restncted and If It IS not done correctly debns flushed
from the filter may enter the water dehvery system and ultunately plug enntters

2. BACKWASHING

2 1 Imnal set-up

SettIng the backwash flow rate IS perhaps the most Important adjustment for medIa
filters FIgures la and Ib show the posinons of the sand medIa dunng filtratIOn and
backwashmg ExcessIve backwash flow rates WIll expand the medIa to the pomt that
the medIa Itself IS expelled from the tank: InsuffiCIent backwash flow will not
expand the medIa enough to purge all the entrapped sedIment The backwash flow
rate must be properly adjusted to acmeve maximum filter performance

Backwash flow rates vary WIth the type of medIa The exact flow rate should be
determmed experImentally m the field The foUowmg procedure should be followed
to adjust the backwash flow control ma newly Installed system

• Tum on the system and operate untIl the deSIgn pressure and flow rate are
atdmed

• Open the backwash restnctor valve a small amount, FIgure 2 Item E
NOTE· Never start the adjustment with a hIgh flow rate, because the hIgh
flow rate can destroy the integrity ofthe medlQ/gravellayers In the tank.

• Release all entrapped arr from each tank by pamally opemng and closmg each
tank valve

• Close the valve on one tank. ThIs changes that tank from filtenng mode to
backwash mode Run backwash water waste through a 100 mesh scree~

nylon stockmg, or other samplmg deVIce to momtor contammanon types and
quantlnes

I

lJ
I,

IJ
IJ
IJ

•

•

Gradually open the backwash restnctor valve unnl a small amount of medIa
from the backwash water appears m the samplmg deVIce

When medIa begms to show m the backwash water, close the backwash
restnctor valve unttl the water 15 essennally clear of medIa A trace of medIa
IS acceptable smce It IS deSIrable that the lIghter granules (fines) ill the bed be
allowed to wash out

1
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Table 1 Pressure drop across clean filter medIa

MedIa Typ_e__

No 8 Crushed gramte
No 11 Crushed gramte
No 16 Crushed silica
No 20 Crushed silica

MedIa SIZe
mm
19
1

0825
055

ImtIaI Pressure Drop
kPa (bar)

14 _121 (0 14-021)
14 - 21 (0 14-021)

34 (0 34
34 (034

AIr can become entrapped mthe top ofthe filter causmg poor filtratIon and excessIve
headloss TIus IS normally released dunng each flushIng cycle but It IS preferable to
proVide a contInuous type aIr rehef valve at the head of the filter mamfold to prevent
thIs occurrence

• It is good practice to remove the handle or the backwash restrictor valve
after it has been set TIus prevents it from bemg moved aCCidentally dunng
routme maIDtenance backflushmg cycles

System OpcrauOD

Module 1·3B

• After completmg the above adJustmentst all tanks should be backwashed
extensively to remove contanunants and fine matenaJ usually found m newly
mstalled media

The filters are backwashed one tank at a tImet to remove the filtered contammants
To backwash, a portion (or all) of tbe filtered water from one or more tanks IS
directed mto the outlet of the tank to be cleaned ThIs expands the medta sand
and flushes contammants from the bed, dIschargmg them out through a backwash hoe
for dIsposal The backwash operatIon should take from 5 to 15 mmutes Observmg
the backwash water IS a SImple method for checkmg the effiCIency of the cleanmg
operatIon ImtIal backwash water IS extremely turbI~ followed by a gradual cleanng

Backwashmg flow rates vary With the SIZe of the medta and the constructIon of the
filter tank TypIcal recommended backwasbmg flow rates vary from 0 042 to 0 06
Ys/cm2 of filter bed for number 20 medta and between 0084 and 0 102 Jlslcm2 of
filter bed for numbers 16 and 11 medIa To determme the correct flow rate for a
gIven filter, follow the wual set-up procedure descnbed preVIously Table 2 gIves
typICal backwash flow reqUIrements for vertIcal medta tanks

2 2 OperatIOn

FIlters should be cleanedt backwashedt and mspected regularly No more tban a 55
kPa (8 pSI) mcrease 10 operatmg pressure, over tbe clean condition, across tbe
filter sbould be allowed before cleanmg. Table 1 gIves values for the wtIallclean
condItIon pressure drop across the filter Backwashmg should be frequent enough to
keep the pressure drop WIthm the prescnbed deSIgn Imuts FIlters should be flushed
at least once daIly to prevent mtgratIon of sedIment through the filter bed or
consohdatlOn of the sedIment ma layer above the bed
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AutomatIc flushmg should be used where the water IS lugh msut and clay

Table 2 Typical backwash flow requrrements for vertical media tanks

3
45
6
8
12
18

Backwash flow rate
( Ips)

1,963
2,827
3,848
5,026
7,854
11,310

Medta bed area
(cm2)

50
60
70
80
100
120

Tank diameter
(em)

System Operauon
Module 1·3B

The first mcrement ofwater entenng the bnes unmedtately after backwashmg may be
of sumJar quahty as the untreated water when raw water IS used for backwashmg A
by-pass or dump valve arrangement should be proVIded to get nd of tlus
contammated new water When the new water flows clean It can be mtroduced mto
the system roams

Penodlc mspectlOn of the filter bed nght after backwashmg should be made to see
whether the sand particles are loosely packed as mthe ongmal eondloon AdditIOnal
sand may be requrred If some IS washed away A complete change may be needed
when backwashmg cannot remove the orgamc or other matenal adhenng to the sand
grams

3 TROUBLE SHOOTING MEDIA FILTERS
I

Problem Poor Filtratlon

Probable Cause SolutIOn

1 ExceSSive flow through filters, causmg 1 Reduce flow rate or add filter umt(s)
conmg ofmedia and/or forcmg
contamJOants through filter to outlet

2 Arr mfilter(s) causmg dIsruptIOn of 2 Install auto or manual arr bleed devIce
medtabed

3 Incorrect media mfiltratIOn system 3 Replace WIth proper medIa

4 ExcessIvely hIgh pressure forcmg 4 ReadjUst backwash control valve to
contammants through filters proper settIng

5 InsuffiCIent depth ofmedIa, wluch allows 5 Add media to achieve proper depth
contammants to pass through the system (TypIcally 31 - 33 cm)



Solutloo

1 Open tanks and skim away excess or
caked contamInants from the medIa sand
bed's surface Return tanks to normal
servtce Backwash each tank untll
backwash flow runs clean

SolutlOo

1 Replace WIth properly SIZed medIa
rnatenal

SolutIOn

I Readjust backwash flow and/or mcrease
duratIon ofbackwash cycle

2 Add merna to achIeve proper depth

3 Add extra filter tank:(s) to system or
reduce flow rate

6

Problem. ConsIStently High Pressure DIfferential

Probable Cause

1 FLlter sealed over With contanunants
restnetmg backwash flow

2 InsufficIent backwash flow 2 Readjust backwash flow or partIally close
field valve

3 FLlter medIa low causmg madequate 3 Add medIa to correct level
backwash

4 CakIng or cementatIon ofthe medIa bed 4 Replace medIa and readjust backwashmg
resultmg m cloggmg ofthe pores flow rates Backwash at the end ofeach

lITlgatlon cycle, more often Jfneeded

2 Broken, damaged, or Il11ssmg PVC lateral 2 Reparr or replace
Plpe(S)

3 ExceSSIve flow lhrough filters 3 Reduce flow rate or add filter urnt(s)

System Operabon
Module 1·38

Problem. Increasmg Frequency ofBackwash Cycle

Probable Cause

I Backwash flow or duratIOn IS not
adequate to flush filter tanks ofall
contamInants

Problem. Media Material Appears Downstream

Probable Cause

1 Incorrect merna matena! (I e too fine)

2 InsuffiCIent medIa depth

3 Increased concentratIon ofcontanunants
mwater supply (Note may only be a
seasonal problem)
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4 Replace o-oog and lubncate shaft

Solution

1 Remove obstruction

2 Replace seat diSC

3 Replace diaphragm

SolutIOn

1 Bleed off trapped atr See start-up
mstructlons Check also for leaks m
pump suction lme An arr bleed at filter
mlet may also help

2 Install vacuum breaker on backwash lme

SolutIon

1 Tum power on Be sure wmng IS
connected Reset Clrcwt breaker or
mstall a new fuse

2 Inspect seal for SIgnS oftampenng

3 Check connectIons Clean ports Check
filter screen on water pICkup assembly for
damaged screen and clean or replace If
necessary

4 Check system for pressure leaks Also,
mspect filter screen on water pICkup
assembly for damaged screen Clean or
replace Ifneeded

Problem Backwash Valve(s) Leak

Probable Cause

1 Obstruction mvalve seat

2 Rubber seatmg diSC IS worn or damages

3 Diaphragm damaged (leakmg from port
ofdiaphragm chamber at rear ofvalve)

4 Pmched or worn o-oog

Problem Water Hammer

Probable Cause

1 Ate m tanks

2 Long backwash lme causmg vacuum

Problem Automatlc Backwash Falls to Cycle

Probable Cause

1 Controller power of( blown fuse or
crrcwt breaker tnpped

f

4 Loss ofsuffiCIent system pressure to
actuate valve(s)

2 Improper settmg on dIfferentIal pressure
sWItch

3 SolenOld(s) malfunetIomng
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MICRO IRRIGATION SYSTEMS

SCREEN FILTERS

(Supplemental)

1 INTRODUCTION

Where they are swtable, tubular screen filters provIde a sImple and effiCIent means for
filtenng water They are useful 10 very clean water If they are mamtamed frequently
Therr two-dImensIOnal surfaces have lIttle debns storage capacity, so they are pnmanly
used as backup deVices after the pnmary filter has removed the dl.rt load Screen filters
efficiently remove very fine sand or small amounts of algae Even moderate amounts of
algae can block slOgle screens

2 DESIGN SPECIFICATIONS

Hole SIze and the total amount of open area determme the effiCIency and operatIOnal
hmits of screen filters The WIre or nylon mesh obstructs much of the open area For
example, a standard 200-mesh staInless steel screen has only 33 6% open area, T, bl;; 1
gIves data for stamiess steel screen mesh matenal I An eqUIvalent nylon mesh WIth the
same-sIzed openIngs has sIgmficantly less open area Therefore, It IS Important to
conSIder the percentage of open area when sIzmg a filter for a gIven system dIscharge

Table 1 StaInless steel screen mesh speCIficatIOns

WIfe WIfe Open
Opemng dIameter dIameter area

Mesh MIcrons (mches) (mdlImeters) (%)
16 1003 0023 05842 399
30 516 0013 03302 371
40 381 0010 02540 360
50 279 0009 02286 303
60 234 00075 01905 305
80 178 00055 01397 314
100 140 00045 01143 303
120 117 00037 009398 307
150 104 00026 006604 374
200 74 00021 005334 336

The maXImum recommended flow rate through a mesh screen filter should be less
than 135 I1s/m2 (0 0135 I1s/cm2) of screen open area

A screen filter WIth a hIgh dIscharge In relatIOn to the screen area may requIre frequent
cleamng and have a short hfe The factors that should be conSIdered when selectIng
screen filters are water qUalIty, system dIscharge, filtratIOn area, and percent of open
area per filter, deSIred cleanIng cycle, and allowable pressure drop

I Standard market grade stamless steel matenal

1
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Screen designs should allow for the easy removal of the screen element for clearung and
mspectlon The design should be such that contammants WIll not fall from the screen mto
the outlet port ofthe screen housmg VertIcal screen tanks have been notonously poor 10

thIs regard

The head loss through a screen filter urnt wdl normally range between 35 to 70 kPa (5 to
10 pSI) The loss depends on the valvmg, filter SIze, percentage ofopen area mthe screen
(sum of the holes), and discharge The antICIpated head loss between the mlet and outlet
of the system Just before cleamng should be used when computmg the reqwred system
mlet pressure

Table 2 gIves specIficatIOns for a senes ofdouble element screen filters that are avadable
from a Jordaman manufacturer Note that the flow rate through the filter IS over ten times
the recommended maxImum flow rate for a screen filter Users should expect frequent
clearung ofthe filter and a shortened hfe for the screen

Table 2 Manufacturer specIficatIOns for double element screen filters, 100 mesh
screens I

Manufacturer Holes mthe elements Flow rate Flow rate
rated Element 1 Element 2 through through

flow rate Area Area holes2 filter3

gpm (Ips) No cm2 No cm2 (lps/cm2) (lps/cm2)

75 (473) 77 11853 70 10776 00439 01449
150 (946) 189 29094 140 21551 00439 01449

225 (14 19) 315 48490 160 24630 00575 01901

1 S1jandard market grade stamless steel mesh matenal, specIficanollS In Table I
2 COllSldenng only the open area ofthe holes In the smallest element, element 2
3 COllSldenng the open area ofthe element holes reduced by the screen mesh wrres

3. CLEANING

The duratIOn of operatIOn of the filter IS the penod between cleamngs The need for
cleamng IS detenmned by drop of pressure across the filter It IS customary to clean
screen filters whenever the pressure drop has mcreased by 20 to 35 kPa (3 to 5 pSI) or at
predeternnned mtelVals

As the screen matenal becomes covered by debns dunng operatIOn, the pressure
dIfferential across the screen mcreases Tills has two results

• Ifthe pressure differential becomes suffiCiently great, the screen WIll burst

• The mesh fabnc expands and allows larger SIzed particles to be "extruded" through
the fabnc

Simple manual cleamng IS satIsfactory when cleamng IS reqUIred only once or twice a
week Ifcleanmg IS reqUired more frequently, a manually actuated or automatic cleamng
system should be conSidered

2
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Regardless of the cleamng system used, extreme care should be taken to prevent
contanunants from bypassmg the filter dunng cleamng Backf]usfung WIth filtered water
IS recommended Also, downstream safety deVIces, such as Y-filters at mamfold off takes
or smaI1 filters or hose washer screens at each lateral conneetlon, prOVide addItional
protection Extreme cautIOn In keeping large particles out of the system IS necessary
ThIs IS espectally Important In VIew ofthe potenttal for aCCIdents, such as breaks In the
mam Ime or mamfold A few handsful of sand can rum a system

VertIcal screen filter urnts, whIch open at the top and the filtered water eXits at the
bottom, are commonly used In Jordan These urnts, winch reqUire removal ofthe screen
for manual cleaning, offer ample opportumty for contaminants to move downstream
dunng cleamng To prevent contammatlOn of the system, many tnckle rrngatlOn
eqUIpment manufacturers are marketing honzontal or Inverted screen filter urnts

3
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I TROUBLE SHOOTING SCREEN FILTERS

II Problem Poor F,ltratlon

Probable Cause Solution

Ir 1 Htgh pressure after flushIng due to 1 Manually clean cartndge and readjust
wedged contammants mcartndge flush water volume

In element

2 Contammants down stream offiltration 2 Tom or punctured mesh, worn or
system damaged end sealst o-nngs or broken

I~
cartndge Replace With new parts
Excessively coarse filter mesh-replace
With finer mesh matenal

If 3 Heavy orgamc contammants In mesh 3 Frequent manual cleanmg or mstallatlon
causing contmual hIgh pressure ofmedia filters up-stream

Ie dIfferential and particulate mIgration
down-stream

Ir 4 Pressure dIfferential bUilds rapIdly 4 ExceSSive flow rates or change m water
quahty Reduce volume or add filter
umts

Ir-
Problem Automatic Backwash Fmls to

I
Cycle

Probable Cause Solution

IL
1 Controller power off, blown fuse or 1 Tum power on Be sure wmng IS

CIrCllit breaker tnpped connected Reset CIrCUit breaker or
InStall a new fuse

Ie 2 SolenOld(s) malfunctlOmng 2 Check connections Clean ports
Check filter screen on water piCkup

10
assembly for damaged screen and clean
or replace Ifnecessary
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SCREEN FaTER DESIGN

CASE STUDY I

1 DESIGN DATA

Normal flow rate lOto the system =8 Ips
lrogatlOn system uses mIcro sprayers, smallest passage = I 5 mm
DesIgn for a mmunum of2 UnIts
Maxnnum flow rate through the screen mesh = 0 0135lpslcm2

2. DESIGN STEPS

• Mean filtratIon capaCIty needed 1 5 mm/IO =0 15 mm dIameter

• Proper screen to use Table 1 shows that a 100 mesh screen has a mesh openmg of
o14 rom, whIch IS slIghtly less than the requIred 0 15 mm

• Calculate the mImmum open area (at maxnnum allowed flow rate) needed m the
screen

[8Ips]F!oWDeslred [593 2]
2 = cm SerecnOpcnAru

[0 0135 Ips I cm ]m.axFlowAllowed

• Calculate the area of screen that must be avatlable for flow, area ofopen holes 10 the
smallest element(s) ofthe filter umt(s) From Table 1, the open area for a 100 mesh
stamless steel screen IS 30 3%

[593 cm
2
]HolcArea Nceded =[1957 cm2]

(0 303] ScrccnExposcdArea
% Open Area

• F10d the number offilter umts needed, use the largest umts (225 gpm) lIsted for a
Jordaman manufacturer of screen filters, Table 2 Ifboth screen elements are used,
the area ofopen holes for the smallest screen must be used FIrst, assume both
screen elements are to be used

[1957 cm2 ]HolcArca
----~==-- = 8 umts
[246 3 cm21FJltcrHolcArea

For the specIfied flow rate of8lps, the manufacturer would recommend one 150 gpm
filter umt To keep the flow rate through the smallest screen element mesh below the
recommended maxImum of 0 0135Ipslcm2, eIght 225 gpm urnts should be used

Ifthe screen filter follows a properly 10stalled and operated medIa filter, only one
screen element would be needed Ifonly the largest screen element IS used, four 225
gpm umts would be needed to meet the flow rate reqUIrements

[1957 cm2 ]HoiCArca
----~=~- =4 umts
[484 9 cm

2
JFlltcrHolcArea

5
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SCREEN FILTER DESIGN

CASE STUDV D

1. DESIGNDATA

Nonnal flow rate Into the system = 12 Ips
Irngatlon system uses ffilcro sprayers, smallest passage = 1 5 rom
Design for a mmunum of2 untts
MaxImum flow rate through the screen mesh = 0 0I35lps/cm2

2. DESIGN STEPS

• Mean filtration capacity needed 1 5 mm110 =015 mm diameter

• Proper screen to use Table 1 shows that a 100 mesh screen has a mesh opemng of
o14 mm, whIch IS shghtIy less than the requrred 0 15 mm

• Calculate the mmunum open area (at maxImum allowed flow rate) needed mthe
screen

[12 IpslFlowDcsJred 2
----=-----::.-.::c::..::2~='----- = [888 9 cm ]screenOpenArea

[0 0135 Ips / em ]max Flow Allowed

• Calculate the area ofscreen that must be avatlable for flow, area ofopen holes In the
smallest element(s) ofthe filter umt(s) From Table 1, the open area for a 100 mesh
stainless steel screen IS 30 3%

[888 9 cm
2

] Hole Area Needed =[2933 7 cm2 ]

[0 303] Screen E"J'Osed Area
% Open Area

• Fmd the number offilter umts needed, use the largest umts (225 gpm) hsted for a
Jordaman manufacturer ofscreen filters, Table 2 Ifboth screen elements are used,
the area ofopen holes for the smallest screen must be used Frrst, assume both
screen elements are to be used

[2933 7 cm2
]HoleArea 2

2 =1 urnts
[246 3 cm ]FuterHoleArea

For the spectfied flow rate of 12 Ips, the manufacturer would recommend one 225
gpm filter urnt To keep the flow rate through the screen mesh below the
recommended maxImum of 0 0135Ips/cm2, twelve 225 gpm urnts should be used

Ifthe screen filter follows a properly mstalled and operated merna filter, only one
screen element would be needed If only the largest screen element IS used, SIX 225
gpm untts would be needed to meet the flow rate reqUIrements

[2933 7 cm2
] Hole Area 6

2 = umts
[484 9 em ]FUterHoleArea

6
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Table 1 Stamless steel screen mesh specdicatlons

Mesh Wrre Wire Open
opemng dIameter dIameter area

Mesh (milluneters) (mches) (mtlluneters) (%)
16 1003 0023 05842 399
30 0516 0013 03302 371
40 0381 0010 02540 360
50 0279 0009 02286 303
60 0234 00075 01905 305
80 0178 00055 01397 314
100 0140 00045 01143 303
120 0117 00037 009398 307
150 0104 00026 006604 374
200 0074 00021 005334 336

Table 2 Jordaman manufacturer specIfications for double element screen filters, 100
mesh stainless steel screens I

Manufacturer Holes In the elements Flow rate Flow rate
rated Element 1 Element 2 through through

flow rate Area2 Area2 holes3 filter4
gpm (Ips) No cm2 No cm2 (lps/cm2) (lpslcm2)

75 (473) 77 11853 70 10776 00439 01449
150 (946) 189 29094 140 21551 00439 01449

225 ,(14 19) 315 48490 160 24630 00579 01911

1 Standard market grade staInless steel mesh matenal, speclficanons m Table I
2 Each hole m the element 15 14 mm m duuneter or 1 539 cm2

3 CoDSldenng only the open area of the holes m the smallest element, element 2
4 CODSldenng the open area ofthe element holes reduced by the screen mesh WIreS

7
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SCREEN FaTER DESIGN

CASESTUDVID

1 DESIGN DATA

Normal flow rate Into the system = Sips
Imgatlon system uses GR emttters, smallest passage = I mm
Design for a mtmmum of2 umts
MaxImum flow rate through the screen mesh =0 0135lps/cm2

2. DESIGN STEPS

• Mean filtratIOn capacIty needed 10 mm/l0 =0 10 mm dIameter

• Proper screen to use Table 1 shows that a 200 mesh screen has a mesh openmg of
o074 nun, whIch IS less than the requrred 0 1 mm

• Calculate the nurumum open area (at maxtmum allowed flow rate) needed In the
screen

[8 Ips]FlowDesued 2
----"----::.---::;.:==-'2==-=---- = [593 em ]Screen Open Area

[0 0135 Ips I em ]maxFlowAllowed

• Calculate the area of screen that must be avatlable for flow, area ofopen holes In the
smallest element(s) ofthe filter umt(s) From Table 1, the open area for a 200 mesh
stamless steel screen IS 33 6%

[593 cm
2

]HoleAreaNeeded = [1764 9 cm2 ]

[0 336] Screen Exposed Area
% Open Area

• FInd the number of filter umts needed, use the largest umts (225 gpm) ltsted by a
Jordaman manufacturer of screen filters, Table 2, assume that a 200 mesh can be used
In place ofthe standard 100 mesh Ifboth screen elements are used, the area of open
holes for the smallest screen must be used First, assume both screen elements are to
be used

[1764 9 cm2
]HDleArea--=-----:--===-- = 7 umts

[246 3 cm2
]ElemeutHDleArea

To keep the flow rate through the screen mesh below the recommended maxunum of
00135 Ips/cm2, seven 225 gpm umts fitted WIth 200 mesh stamless steel screens
should be used

Ifthe screen filter follows a properly mstalled and operated merna filter, only one
screen element would be needed Ifonly the largest screen element IS used, four 225
gpm umts would be needed to meet the flow rate reqUIrements

[1764 9 cm
2

] Hole Area 3 6 4
2 = or umts

[484 9 em ]Futc:rHoleArea

8
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MICRO IRRIGATION SYSTEMS

FERTILIZER INJECTION

(Supplemental]

I INTRODUCTION

Tnckle Imgatlon systems are partIcularly adaptable to applymg fertIlIzers directly to
plant root systems The fertilIzer solution IS Injected mto the ImgatlOn water
dlstnbutlOn system and carned directly to the emItter close to the plant Advantages
of thiS fertIlIzer applIcatIOn method, called fertigatlOn, m comparison to conventIOnal
apphcatlOn methods are several

• Less eqUIpment IS reqUIred to apply fertIlIzer
• Less energy IS expended In applying the fertIhzer
• Usually less labor IS needed
• The supply ofnutnents can be more carefully regulated and morutored
• The nutnents can be dIstnbuted more evenly throughout the entIre root zone
• Nutnents can be applIed to the soIl when crop or SOlI condItIOns would

otheTWlse prohIbit entry mto the field by conventIOnal means

The umfonmty of fertIlIzer applIcatIOn IS approXImately equal to the UnIformIty of
water applIcatIOns Thus, an acceptable emitter discharge umfonmty IS a prereqUISIte
to fertIlIzer InjectIOn The total ImgatlOn tIme, IncludIng start-up, mJectlOn, and
system flushing, should not apply more water than the avaIlable water holdmg
capaCIty m the soIl OtherwIse, the fertIlIzer may be moved below the root zone

Care must be taken to see that the fertIlIzers and concentratIOns used are not
corrOSIve to dIstnbutlOn system parts Table 1 IndIcates the potentIal degree of
corrOSIon problems on dIfferent types ofmetal from varIOUS fertIhzers

Due to the addItion ofnutnent to the water supply, algae growth, and bactenal slIme,
problems may also occur, whIch can cause cloggmg of emItters and filters Complete
fluslung of both the fertIlIzer injectIon and rrngation water delIvery systems after
completIon of fertIlIzer applIcatIOn can reduce these problems

Table 1 Seventy of corrosIOn damage to common metals caused by fertIlIzers

Type of CalCIUm AmmOnium AmmOnium Urea Phosphonc Dlammonlum Complete
metal Nitrate Nitrate Sulfate ACid Phosphate FertllIzer l

Galvamzed M SV C N SV N M2
Iron
Sheet N SL SL N M M SL
Alummum
Stamless N N N N SL N N
Steel
Yellow SL C M N M SV SV
Brass
Solution pH 56 56 50 76 04 80 73

1 17% Nitrogen -17% Phosphorus -10% PotassIUm
2 N =None, SL =Slight, M =Moderate, C = ConSiderable, SV =Severe

1
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2 MIXING FERTILIZERS

• Dry fertIlizer condItIOners Most dry solid ferullzers are manufactured by coating
them wIth a specIal condItIoner to keep mOIsture from bemg absorbed by the
fertIlIzer pellets To aVOId haVIng the conditIoners create problems ofpluggmg
screens and emItters It IS best to mIX the sohd fertlhzer with water and allow It to
stand for a few hours The conditioner WIll rapIdly settle to the bottom of the
mIxmg tank Then the clear lIqUId can be sIphoned off the top portion WIthout
dlsturbmg the bottom sedIment

• Cold solutIons upon mIXIng Most dry mtrogen fertIlIzers WIll absorb heat from
the water when they are mtxed Thts wIll result In a very cold lIqUid whtch may
cause the formatIon of frost on the outSIde of the mtXIng tank even In warm
weather Thts cold temperature should pose no problem for InJectmg Into the
water or for plants SInce the cold fertilIzer Will be mtxed With a much larger
volume ofwater at a warmer temperature

The real problem from coolIng of water upon fertlhzer mtXlng IS that the total
solubIlIty of the fertIlizer IS usually low when the solution IS cold Consequently,
It mav be dIfficult to dIssolve as much fertdtzer as was expected to go Into
solutIon Ifthts IS the case, It Will be necessary to allow the mtxture to stand for
several hours to warm up Then more fertlhzer can be mIxed Into the fertlhzer
solutIon However, agaIn the temperature Will drop

• MIXIng fertIlIzers and/or other chemtcals for fertIgatlOn To aVOId problems It IS
always best to check for compatIbIlIty when you are mIXIng two or more
fertdtzers or other chemIcals WIth lITIgatIOn water The compatlbdlty test IS easy
to do Take a glass Jug of about 4 lIter capacIty and fill WIth lITIgatIOn water and
the same mIX ratIo of fertlhzers or chemIcals to be used for field applIcatIOn
Shake the mixture and observe It dunng an hour or so If the water remaInS clear
and no sedIment collects at the bottom of the contamer, cloggmg of lmes and
emttters wIll probably not occur

Nitrogen

When anhydrous ammorna or aqua ammoma fertIlIzers are Injected Into
lITIgatIon water, the ammomum IS qUIte water soluble However, the pH of
the water IS raIsed to about pH 10 5 to 12 When the pH ofwater or SOtllS
9 2 then 50% ofthe rntrogen from the ammoma applIcatIon IS In the form of
ammorna gas (NH3) Thts ammorna gas can volatilIze mto the atmosphere
and escape from the water or soIl The extent of volattltzatlon IS pH
dependent as mdlcated below

%N
pH volatIlIzed
72 1
82 10
92 50

102 90
112 99

2
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This strong pH dependence shows why a slgmficant potion of the applied
ammoma nttrogen fertilizer IS lost If It IS lflJected Into lITIgatIOn water with a
pH of 8 or higher Also, the reaction ofthe ammOnIa With the water dnves
the pH even tugher InJectlflg aqua ammoma Into normallmgatlon water
will push the pH beyond pH 9 4 where losses of ammoma can be from 30 to
50% of the apphed nttrogen

ThiS pH relatlonshtp holds for all ammoma fertlhzers and for any ammomum
(NH4+) fertilIzers added to tugh pH waters The loss of ammoma gas wIll be
more rapid from mtrogen treated water when the aIr IS wmdy and especially
when the air IS very dry

It IS best to fertigate WIth ammoma or ammOnIum fertIlIzers on cool, humId
days With httle wmd It IS best to aCidify the IrrIgatIOn water hefore InJectmg
the fertlhzer ThIS wIll reduce the pH ofthe water and keep more of the
mtrogen 10 the non-volatIle ammOnIum form (NH4+)

• HIgh pH ofthe IrngatlOn water wIll cause calcium and magnesIUm Ions
In the water to form a preCipItate of calcIUm and magnesIUm hydroXide
and carbonate Ttus preCIpItate IS hme In a very finely dIVided form The
harder the water IS the more hme preCipItate that forms when ammoma
IS Injected mto the water ThIS precipitate can clog emitters and filters

• AmmOnIum tluosulfate should not be mIxed With aCIdiC matenals
because It wIll decompose mto yellow elemental sulfur and ammomum
sulfate at pH values below pH 6

• Do not mJect calcIUm ammomum nItrate along WIth any sulfate or
phosphate compounds Trymg to aCidIfy lITIgatIon water With sulfunc
aCid or urea sulfunc aCid and injecting calCIUm ammomum mtrate results
10 producmg a whIte creamy gypsum mIxture Trymg to Inject calCIUm
ammoruum mtrate along With potassIUm sulfate Will have the same
effect Attemptmg to mIX calCIUm ammomum rutrate With any
phosphate fertlhzer Will convert to msoluble calCIUm phosphate
matenals

Phosphorus

Most phosphorus fertlhzers can not be mJected mto IrngatlOn water because
they have too low solublhty Special precautIOns must be followed when
lflJectmg phosphate fertilIzers The water must be aCIdIfied to aVOId the
formatIOn of msoluble calcIUm and magnesium phosphate compounds that
can clog filters or effiltters, and which may cause uneven apphcation of
phosphate over the field

The crop needs most of the phosphorus very early m the growth cycle It IS
best to apply most phosphate fertIlIzers as preplant or at plantmg by
conventIOnal fertIhzer apphcatlon methods

• Phosphorus and calCIUm when 10 solutIOn together, form tncalclum
phosphate whIch IS an msoluble phosphate ThIS can clog Irngatlon hnes

3
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and emItters CalcIUm can come from either the Irngatlon water or
other fertlhzers

• Phosphorus and magneslUm when 10 solutIOn together can form
magnesIUm phosphates whtch are Insoluble and can clog hnes and
emItters MagneSIUm can come from eIther the Imgatlon water or other
fertdlzers

• Phosphorus and Iron when In soIutlOn together can form Iron phosphates
which are Insoluble However, most waters contam only low levels of
Iron and thIS IS rarely a problem

• For ammomum polyphosphate matenals (10-34-0, 10-37-0, and 7-21-7)
and monoammomum phosphates (11-55-0) the qualIty of the ImgatlOn
water must be known before attemptmg to Inject these fertilIZers These
phosphorus matenals react In hard water (WIth calcIum and magnesIUm
above 50 ppm, or WIth bI-carbonates above 150 ppm) to form
preCIpItates whtch cause pluggIng

• Urea phosphate matenals (Urea +phosphonc aCId, 17-45-0) have a low
enough pH to sequester calcIum and magnesIum and prevent
preCIpItates from fOrmIng Also, phosphorus In these matenals IS more
mobile In the soil (especIally calcareous soIls) than are most other
phosphorus sources Urea offers a mtrogen source and can help free up
fixed phosphorus In htgWy calcareous soIls

• InjectIng phosphonc aCid Into IrrIgatIOn water wIll be effectIve only as
long as the pH of the fertlgated water remaInS very low (below pH 4)
As the pH nses due to dIlutIOn with the Imgatlon water, the phosphate
preCipitates WIth the calcIUm and magnesIUm In the water Thts

I preCipItate can clog filters and emItters, and cause a very non-unIform
applIcatIon ofphosphorus

CalCIUm

• FertIlIzers contaImng calcIUm should be flushed from all tanks, filters,
and tubIng before InjectIng any phosphorus fertilIzer CalCIUm reacts
WIth phosphorus to form calcIUm phosphate which IS Insoluble

• CalCIUm should not be Injected WIth potaSSIUm sulfate It combInes to
form Insoluble gypsum

Table 2 presents some common fertIlIzers and theIr approXImate solubility In
ImgatIon water Table 3 presents nutnent concentratIOn recommendatIons for
some common hortIcultural crops grown In the region

4
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I Table 2 Approximate solubIlity of fertlhzers In lITIgatIOn water I

Denslty2 Solubility

II Fertlhzer Form Grade kg/L kg/L

Nitrogen Fertilizers
Ammomum mtrate NH4N03 34-0-0 1261 0183

Ir Ammornum Polysulfide NH4Sx 20-0-0 1 105 High
Ammomum Sulfate (NH4)S04 21-0-0 0706
Ammomum Thiosulfate (NH4)2S203 12-0-0 Very hIgh

Ir Anhydrous Ammoma3 NH3 82-0-0 0617 038
Aqua Ammoma3 NH3-H2O 20-0-0 0913 HIgh

r CalcIUm Nitrate Ca(N°3)2 15 5-0-0 1212
Urea CO~)2 46-0-0 1 0
Urea Sulfate CO(NH2)2-HZS04 28-0-0 HIgh

II
Urea Ammomum Nitrate CO(NH2)2-NH4N03 32-0-0 1 328 HIgh

Phosphate FertilIZers
Ammomum Phosphate3 NH4H2P04 8-24-0 1 261 Moderater Ammomum Polyphosphate3 (NH4)3P207 9-30-0 1 357 HIgh

(NH4)SP3OlO 10-34-0 1369 HIgh

II
(NH4)7PS016 11-37-0 1405 High

Concentrated superphosphate3 Ca(H2P04)2 0-45-0 0018
Dlammomum Phosphate (NH4)2HP04 18-46-0 0575

I
Monoammomum Phosphate NH4H2P04 11-48-0 0227
Phosphonc ACId H3P04 0-54-0 0457

Potash FertilIZers

l PotassIUm Chlonde KCL 0-0-60 0347
PotassIUm NItrate KN03 13-0-44 0133
PotassIum Sulfate3 K2S04 0-0-50 012

l MIcro nutrIents
Iron Sulfate FeS04_7H2O 01565

Ie Magnesium Sulfate3 MgS04_7H2O 071
Manganese Sulfate MnS04A~O 1053
Ammomum Molybdate (NH4)6M07024-4~O 043

I[ Zmc Sulfate ZnS04_7Hz° 0965
Lune Sulfur CaSs+C~S03_5H20 1273 High
Sulfunc ACid H2SO4 1 837 Very htgh

It 1 SolubIlIty IS lughly dependent upon water temperature and water hardness Hard
water has lugh dissolved concentratlons of calCIUm and/or magnesIUm

IL 2 Density of the ferttlIzer when supplIed In lIqUId form
3 Should not be applIed through tnckle Imgatlon systems because the matenalls

hard to dtssolve or sensItlve to water hardness

Il
IL
I[ 5 ~1
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Table 3 Recommended concentrations of nutnents In Irngatlon water, glmJ

Crop Nitrogen Phosphorus PotassIUm

Cucumber 150 - 200 30 - 50 150 - 200
Eggplant 130 - 170 50 - 60 150 - 200
Bell pepper 130 - 170 30 - 50 150 - 200
Tomato 150 - 180 30 - 50 200 - 250
Potato 130 - 150 30 - 50 120 - 180
French beans 80 - 120 30 - 50 150 - 200
Strawbernes 80 - 100 30 - 50 150 - 200
Lettuce 100 30 - 50 150
Iceberg lettuce 100 18 120
Shamoutl orange 35 3-5 8 - 10
Banana 15 45
Sunflower 40 - 60 20 - 30 100

Note These recommendations are based on research work done 10 Cyprus and
Israel and are presented as a guide only SoIl tests or plant leaf analyses should
be done by each farmer to determme the optimum apphcatIOn ofnutnents for a
given sod, water, and crop combmatIOn

6



7

S}stem Operallon
Module 1-5

Step 2 Choose the type offertilIzer

Assume the fertIlIzer ]s Urea 46-0-0 as a solid or
Urea Ammoruum NItrate 32-0-0 (VAN 32) as a lIqUid

{

G»

(1)

20 Kg ofN 1 umt Urea 43 48 Kg Urea
_--::"-- x =----=:...--

Hectare 0 46 N Hectare

Kg of nutnent 1 umt fertilIzer Kg fertlhzer
--:"----x-------=--.::'-----

Hectare _ nutrIent portIOn Hectare

When dissolvmg a sohd fert]hzer It IS Important to check the solubIlIty table
to obtam an Idea of approXimately how many liters ofwater should be used
to dIssolve thIs amount of fertIlizer Table 2 mdlcates that about 1 kg of
Urea will dIssolve m 1 lIter ofwater EstImate the amount ofwater needed

Kg offertlhzer x 1LIter ofwater =LIters ofwater (2)
Hectare __ Kg dIssolved Hectare

Usmg our example ofUrea WIth a solubIlIty of 1 kg ofUrea per 1 Itter

4348 Kg of Urea 1 LIter ofwater 43 5 LIters of water
------''----- x =-------

Hectare _1 Kg Urea Hectare

The estImate shows that ]f we try to dIssolve all of the Urea m 40 lIters of
water ]t probably WIll not dIssolve It would be better to use a 75 lIter
container Add 50 hters ofwater first and then slowly mIx m the solId Urea
fertIlIzer WIth addItIOnal among untIl all of It has dIssolved If the fert]hzer
has a condItIOner, allow thIs to settle to the bottom Then SIphon off the
clear lIqUId to use for injectIon mto the ]ITIgatIOn water

Step 3 Determme the kilograms offertIhzer to use

For solid fertIlIZers

Deterrmne the kilograms of sohd fertIlIzer that must be dIssolved 10 water for
mJectIon and the total number of lIters of resultmg fertilIzer solution Note,
that a sohd, mIxed nutnent fertIlIzer may not dissolve at first Each
component has a different dIssolutIon rate Thu~, It IS very Important that all
of the solId fertilIzer be m solutIOn before attemptmg to mJect the fertIlIzer
Into the IrngatlOn lIne

3 CALCULATION OF FERTILIZER INJECTION RATE

Step 1 Determme the amount of nutnent to apply dunng this fertlgatlon

This amount IS often based upon the total nutnent need of the crop diVIded by the
total number of fertlgatlon apphcatlons The amount may be based upon an
estimatIon of the maxImum rate of nutnent uptake by the crop at that specIfic
stage ofgrowth

Assume the desIred nutnent to apply IS 20 Kg ofmtrogen per hectare
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For liquid fertilizers

Use equation 3 followed by the converSIon of mass to volume (densIty) wIth
equatIon 4 to detemune the volume of lIqUId to be Injected Note that the
fertilIzer densIty value goes at the bottom of the second term to gIve the
result In liters

USIng our example of Urea AmmonIum Nitrate 32-0-0 With a density of
I 328 kgII and an apphcatJon of20 kg of Niha gIVes

20 Kg ofN I umt UAN 32 62 5 Kg UAN 32
-----"'--- x = ----=----

Hectare 0 32 N Hectare

625 Kg ofUAN 32 x _1_L_I_te_r_of_w_a_t_er_ = _47_I_L_It_e_rs_o_f_w_a_te_r
Hectare 1 328 Kg UAN 32 Hectare

Step 4. Calculate the total area to be fertlgated

Normally this would be the area covered by one IrrIgatIOn set

Assume the lITIgatIOn set Ie; for 20 dunums or 2 hectare

Step 5 MUltIply the lIters offertlllzer per hectare by the total number ofhectares to
be fertlgated

For the example WIth solid Urea dIssolved In 50 lIters ofwater thIs would be
100 lIters of solutIOn per lITIgatIOn

For the example WIth the lIqUId Urea AmmOnIum NItrate thIs would be 94 2
lIters of SolutIon per lITIgatIOn

Step 6 DetermIne the total tIme for InjectIon

Usually thIs tIme WIll equal the total tIme for lITIgation, less tIme allowed for
the system to fill WIth water and stabIlIze, and less tIme allowed for the
system to flush after InjectIon IS completed

Assume the lITIgatIOn set IS to last 6 hours and the Urea IS to be Injected In 4
hours

Step 7. Calculate the rate offertllIzer InjectIon Into the lrngatlon system

100 lIters Urea 25 lIters Urea
=

4 hours hour

The above value IS apphcable for VenturI InjectIon systems but IS not vahd
for pressure dIfferential type systems, see Case Study I

Step 8 Check for system capacity

At thIS POInt It IS Important to double check that the rate of fertIlizer
InjectlOn just calculated can be delivered by the type of InjectIon system you
use, see case studIes that follow In thIS example the InjectIon system must
be able to handle 25 lIters offertIlIzer SolutIon Injected per hour

8
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4 INJECfION EQUIPMENT

SImilar eqUIpment may be used for InjectIng all hqUld solutions, such as ferulIzers and
chemicals to control bactena and pH, Into the IrrigatIon water dehvery hnes Gases,
such as chlonne, are normally bled IOtO the hne from pressunzed tanks

The auxilIary posItive dIsplacement pump, whIch feeds the fertIlIzer solutIOn Into the
dlstnbutton hne, IS probably the most common type of IOJectlon system used In the
world Use of tlus method reqUIres an energy source and IS more costly to operate
than the two methods dIscussed below However. the pOSItIve dIsplacement pump
can provIde very accurate volumes oflnJected solutIon

4 1 Pressure differentIal fertilIZer InjectIon

The pressure dIfferentIal type offertIhzer injectIon IS the system commonly used
10 Jordan A schematIC oftlus type offerttllzer 1OJector IS shown 10 FIgure 1

dram

valve slalner J
filler or other

!low reslncllng deVice

FIgure 1 Pressure dIfferentIal fertlhzer InjectIon system

• The flow rate through the pressunzed fertIlIzer holdIng tank IS
controlled by valves on eIther SIde of the tank A pressure reducmg
obstructlOn or deVIce 10 the hne causes a dIfference In pressure to move
flUId through the tank The advantage of thIS type of system IS that there
are no mov1Og parts A disadvantage IS that the nutnent concentratIon IS
not constant but contmuously chang10g WIth tIme FIgure 2 compares
the nutnent concentratIOn 10 the tank for the pressure dIfferential and
Ventun InjectIon methods

9
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Another useful form ofequation 3 finds the flow rate reqUIred to reach a
certam nutnent concentratIon at the end ofa specIfied tIme

(3)

(4)

(5)

(3a)

(3b)T =-~ x In(NcJ
Qt 100

D=

Vt (Nc )Qt =--xln -
T 100

The function for the concentratIon ofmatenal remaining In the tank as a
ratIo of the ongmal concentration IS gIven as

N = 100 exp[- q% x T]
c 100

Flow rates through the tank can be controlled by valves and meters
DIsk onfices mstalled In the tank dIscharge lIne can also control flow
The goverrung equatIon for the onfice dIameter IS gIven by

Qt 0q%=-yxlO
t

where Nc = concentratIon of matenal remamIng In the tank, %, q% =

flow rate through the tank as a percentage oftank volume, %, T =time
fertIlIzer has been flOWing from the tank, same tIme umt as used for Qt,
Qt =flow rate through the tank, Ipm or lph, and Vt =volume offertIlIZer
tank, lIters

Another finds the tIme needed to reach a gIven nutnent concentratIon at
a gIVen flow rate

where D = onfice dIameter, mm, Qt = flow rate through the tank lpm, Co
= onfice coefficIent, and AI» =pressure differentIal across the onfice,
kPa

The standard value for CO IS 0 62 ApplIcatIOns of equatIOns 3 and 4 are
demonstrated In Case I The nomograph gIVen In FIgure 4 can also be
used to find the reqUIred SIze ofonfice

The concentratIOn ofnutnent In the ImgatIOn water can be calculated

Cf = 100 x Fe
w

where Cf = concentratIon ofnutnent In the ImgatIOn water, mg/l, Fr =
the nutnent applIcatIon rate, kg/ha, and w =the net amount ofImgatlOn
water applIed dunng the fertIlIZer IOJectIOn penod, mm
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co
!c
II)
u
Co
U

Imgatlon TIme Imgatlon TIme

Pressure dIfferentIal system Ventun InjectIOn system

FIgure 2 Nutnent concentratIOn In the tank as a functIon ofImgatlon tIme

42 Ventun lOjectlOn

The Ventun InjectIOn system operates on the pnnclple that a pressure drop
accompames a change In velOCIty of water as It passes through a constnctlOn
The reduced pressure In the constnctlOn forces the cherrucal mto the hne See
FIgure 3 for lOstallatlon schematICs Table 3 gIVes performance data for typIcal
Ventun Injector Sizes

• An advantage of the Ventun mJectlon system IS that the nutnent
concentratIOn IS constant with time, FIgure 4 Tills denves from the
lOJected hqUld bemg sucked Into the IrrIgation hne by the pressure
dIfferentIal 1O the Ventun The mJected solution IS not dIluted III the
tank by the IrrIgatIOn water durmg dehvery

• RedUCIng system pressure to operate a VentUrI can adversely affect the
performance of the IrrIgation system When thiS IS a problem a small
auxlhary pump (usually centnfugal) can be Installed In senes WIth the
Ventun deVice to create a dIfferentIal pressure across the Ventun For
Injectors an outlet pressure ofat least 20% less than the Inlet pressure IS
reqUIred to start suctIOn Full suction capacIty IS reached when the
pressure dIfference IS approXimately 50%

4 3 OperatIng procedures

• Matenal should not be Injected Into the system untIl all hnes are filled and
errutters are dlschargmg ThiS ensures that the matenal Injected IS properly
dIluted and toXiC doses wIll not be dehvered to some plants For large
systems, allow at least one hour ofwater delIvery before begmnIng Injection
For small systems, one-half hour may be suffiCient tIme for the system to
stablhze

• Matenal should be removed from all hnes to aVOId potential corrosIOn
problems and excessive bactenal growth Do not allow matenal to set In the
hnes when the system IS not operatmg For large systems, allow at least one
hour of water dehvery after completmg mJectlon For small systems, one
half hour may be suffiCient time for the system to flush

11
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-Row

..- Flow

Optional
pump

'OptIonal
pressure reducmg
fittUlg

12

/vemun

"Check valves

Oleck valve

Ventun wIth a bypass system and optiOnal booster pump

FIgure 3 Two methods for connectmg a VenturI InjectiOn system
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Table 4 TypIcal Ventun Injector performance data

Operatm~ Pressure Suction Capaclty of Ifilectors mIph
Injector m]et Injector outlet SIze I SIze SIze SIze

kPa (PSI) kPa (PSI) (125mm) (25rnm) (375mm) (50mm)

140 (20) 35 (5) 68 238 644 1930
70 (10 42 170 454 1893
80 (12 30 144 360 1249
105(15 8 38 170 606

210 (30) 35 (5) 68 227 681 1912
70 (10 68 227 651 1912
105 (15) 49 197 511 1741
140 (20) 26 114 322 1136

275 (40) 105 (15) 68 227 681 1912
140 (20) 61 227 606 1912
170 (25 42 170 397 1533
210 (30 II 76 170 908

345 (50) 140 (20) 64 227 681 1912
170 (25 64 227 662 1912
210 (30 57 208 530 1552
240 (35) 30 132 341 1155
275 (40) 4 45 57 208

415 (60) 210 (30) 64 227 681 1912
240 (35) 61 227 613 1666
275 (40) 45 197 473 1552
310 (45 19 102 246 757

485 (70) 240 (35) 64 227 681 1912
275 (40 64 227 625 1912
310 (45 57 216 511 1817
345 (50 34 170 322 1401
380 (55 8 83 76 454

550 (80) 310 (45) 64 227 662 1912
345 (50) 64 227 568 1912
380 (55 45 189 476 1741
415 (60 34 114 246 1211
450 (65) 0 34 57 416

690 (100) 415 (60) 64 227 681 1912
450 (65) 64 227 625 1912
485 (70) 49 216 5I1 1779
520 (75) 30 170 341 1287
550 (80) 4 91 132 681

I SIZe refers to the nommal pIpe SIze of the InflOW/OUtflow connectmg pipeS SIze does not
mdIcate the dIameter of the Ventun throat

13
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FERTILIZER INJECTION
PRESSURE DIFFERENTIAL INJECTION SYSTEM

CASE STUDY I

1 DESIGN DATA

DESIGN STEPS

15

Cf
__ 100 x Fr __ 100 x 20---=250 mg I hter

w 8

6hr
12mm
20 du
20 kg/ha

100 hters
20 kPa

[ ]

05 05
D = 1513 x Qt = [1513 x 125] = 2 61 mm

Co.JLiP 062..[iO

GIVen.

Imgation set tIme
Imgatlon applIcation, w
Area
Amount ofnutnent, Fr
Tank CapacIty, Vt

Pressure dIfferential, M>

Fmd

• Flow rate through the tank to have an Nc less than 5% after 4 hours
• Diameter of the requIred onfice
• Average nutnent concentratIOn 10 tre IrngatIOn water
• TIme requIred for the concentratJO'l ofnutnent 10 the tank to be 50 % of the

ongmal concentratIOn

• Flow rate through the tank to have an Nc less than 5% after 4 hours

EquatIOn 3a IS used to find Qt

Q t =- Vt x In(Nc) =- 100 x In(~) =751ph
T 100 4 100

• DIameter of the reqUired onfice

From the nomograph ofFIgure 4 With AP = 20 kPa and an InjectIon flow = 75
Iph = 1 25 Ipm read an onfice dIameter ofabout 2 5 mm

The exact onfice sIze can be calculated by us10g equatIon 4

• Average nutnent concentratIOn In the ImgatIOn water, use equatIon 5

w =4/6 x 12 = 8 mm ofwater apphed In 4 hours

• TIme reqUired for the concentratIon ofnutnent In the tank to be 50 % ofthe
ongmal concentratIon

Solve for the time 10 hours to reach 50 percent concentratIon us10g equatIOn 3b
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T=- ~: XI{~)=-': x{~~)=09 hr

For the conditions gIven, the fertdtzer concentration should equal 50 percent of
the ongInal concentration after about 0 9 hours of operation

3. DISCUSSION

If the nutnent concentratIon In the tank IS less than the maXimum this must be
considered m evaluatmg the results from the calculatIOns For example, equatIon 3b
finds the time reqUIred for the tank concentration to reach 50% of Its Imtlal value, not
necessanly the tIme for the nutnent In the tank to reach 50% Any dIlutIon wIll result
In conservative calculatIons, 1e, the actual concentratIOn ofnutrtent In the tank wIll
be less that that calculated

16
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• SIze of Ventun reqUired

System Operation
Module 1-5

Assume an IOJectlon tJrne of 4 hours, whtch leaves I hour for start-up and one
hour for system flushtng

10 du
6hr

12mm
20 Kg

Urea
100 lIters
210 kPa

Given'
Area
ImgatIon set tIme
Imgatlon applIcatIon, w
Amount ofnutnent
FertIlIzer
Tank CapacIty
Inlet pressure, PI

• Average nutnent concentratIon 10 the ImgatlOn water, use equation 5

w =4/6 x 12 =8 rnrn ofwater applIed 10 4 hours

C
f

=100 x Fr =100 x20 =250 mg /l
w 8

Qf == 2 ha x 50 II ha == 25 Iph
4 hr InJectIOn

FERTILIZER INJECTION

VENTURI INJECTION SYSTEM

CASE STUDY II

Fmd.

• InjectIOn rate offertIlIzer IOtO the system
o Average nutnent concentratIon 10 the ImgatIOn water, Cr
• SIze of the reqUIred Ventun

2 DESIGN STEPS

• injectIon rate of fertIlIzer Into the system, Qr
First detenmne the amount offertdlzer to use, equatIon 1

20 Kg ofN I umt Urea 43 48 Kg Urea
-----"'--- x = ----='------

Hectare 0 46 N Hectare

EstImate the amount ofwater needed for dlssolvmg the Urea, equatIOn 2

43 48 Kg ofUrea 1 LIter ofwater 43 5 LIters ofwater
----=~--x =-------

Hectare ..!. Kg Urea Hectare

At 50 hters per hectare, the 100 hter tank capacIty IS suffiCIent for thts apphcatlon
to 2 hectares

1. DESIGN DATA
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First find the outlet pressure. po. that satisfies the constramt for a muumum
percent pressure dlfferentlal of20%

%4P= PI-Po xl00
PI

P =p _ %APxPI =210_20x21O =168kPa
o I 100 100

Enter Table 4 WIth an mlet pressure of21O kPa and look for a Ventun that has a
suctIOn capaCIty of 25 lph Check that the outlet pressure IS equal or Jess than
168 kPa

From Table 4 read that a 12 5mm nommal diameter Ventun operatmg wIth an
outlet pressure of 140 kPa has a suctIon capaCIty of26 Iph

Po = 140 kPa < 168 kPa, the 20% pressure dIfferentIal constramt IS satIsfied

18
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System Operation
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MICRO IRRIGAnON SYSTEMS

EMITTERS

[Supplemental]

1 INTRODUCTION

An emItter IS a de" Ice whIch apphes water to the soIl from the dIstnbutIOn system
The two major categones of emItters are pomt-source and lme-source Both
categones have been successfully used m varIOUS croppmg sItuatIOns There are
numerous attnbutes sought m an emItter, such as

• It should be avaIlable In small Increments ofdIscharge

• The flow should be controlled Within narrow hmIts, as a functIOn of operating
pressure, to properly apply water used by the crop

• A large flow passageway IS more reSIstant to clogging by partIcles that pass
through the screen and filtratIOn system

• The emItter should reSIst degradatIOn due to temperature fluctuatIOns and solar
radIatIon

• The manufacturer should specIfy a useful hfe for the emItter, dunng whIch It

wIll operate according to deSIgn speCIficatIOns

2. EMITTER TYPES

2 1 Onfice The class of "0nfice emItters" mcludes many dnp and spray emItters
and also Single chamber hne-source tubing In a nozzle or onfice emItter, water
flows through a small dIameter opemng or senes of opemng where most of the
pressure head IS lost The flow regune IS fully turbulent and the dIscharge of the
emItter, q, 15 given as

q = 3 6xAxKq~2gH

where q = emItter dIscharge, lph, A =flow cross sectIOn area, mm2
, Kq =outlet

dIscharge coeffiCIent that depends on the charactenstIc of the onfice or nozzle
and ranges from 0 6 to I 0, g = acceleratIOn of graVIty = 9 8 mil, and H =
working pressure head, m The preVIOUS equatIOn enables computatIon of the
onfice cross sectIon area necessary to prOVIde the deSIred dIscharge Onfice
emItters are used as pomt-source eIDltters

2 2 Long-path Most loss of head m a common long-path emItter (FIgure 1) occurs
In the long-path where the flow IS lamznar and the dIscharge of the enutter, q, IS
gIven as

H x g x D4 x 1t
q=---=---

Kx Ie X V

Where D = cross-sectIOnal dIameter of the flow, mm, K = converSIOn coeffiCIent
= 3 56x10

7
, Ie = length of the flow path m the emItter, m, and v = kmematic

VISCOSIty of water, lxlO-6 m2/s at 20°C Long-path emItters are the type found
In most hne-source tubmg used for vegetable crops

1
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Figure 2 A typIcal contInuous flushIng emItter

SPIRAL PATH

PARTICLES BEING EJECTED
THROUGH FLEXIBLE ORIFICES

System Operation
Module 1-6

Figure I TypIcal long-spIral-path emItter

DISTRIBUTION TUBING

2 3 CompensatIng Compensating emItters are constructed to Yield a nearly constant
dIscharge over a Wide range ofpressure Long-path, short-path and onfice type
compensatIng emItters are avaIlable The constant dIscharge IS achIeved by USIng
a res/hent matenal In the flow path This IS acted on by the lIne pressure so that
the flow cross-section decreases as the pressure Increases A peculIar problem of
compensating emitters IS that the resIlIent matenal may distort over a penod of
time and gradually squeeze off the flow even though pressure remainS constant
CompensatIng emItters are used In POInt-source applIcatIOns

2 4 Flushmg On-Off and contInUOUS flushIng are the two types of self-flushIng
enutters The on-offemItters flush for only a few moments each time the system
starts operatIng and shuts off, they flush tWice dunng each lITIgatIOn cycle They
are typIcally of the compensating type ContInuous flushIng emItters are
constructed so that they can eject relatively large particles dunng operatIOn
They do thIS by usmg relatively large diameter fleXible onfices In senes to
diSSipate pressure As shown In Figure 2, particles larger than the dIameter of the
onfice are ejected by a local Increase of pressure as the particle reaches each
successive fleXible onfice Flushing emitters are used In pOInt-source
applIcatIOns
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POint-source emItters are typIcally used on widely spaced crops, such as
orchards and vme)ards and line-source systems are used on close!} spaced row
crops, such as vegetables Also, POint and line source emItters rna: be used m a
mixture ofcropping situatIOns The key desIgn pnnciple IS to appl} water WIth
high uniformity to the root zone

3 EMITTER CLOGGING

To aclueve the low rates of dIscharge reqUIred m trIckle lITIgation, the cross sectIOns
of the flow channel must be WithIn the range of 0 25 mm to 2 5 mm NecessIty for
such small channels makes all emItters susceptIble to cloggmg Therefore, careful
filtratIon of all ImgatIOn water IS reqUIred The usual recommendatIon IS to remove
all partIcles larger than one-tenth the dIameter of the emItter passageway Even thIS
level of filtratIOn IS not suffiCIent for long-path emItters because of sednnent deposIts
along the passageway, whIch can cause slow cloggmg over a penod

SensItIvIty to cloggmg IS a very Important conSIderatIOn when selectmg an emItter
Two cntical parameters related to cloggmg susceptIbIlIty are the SIze of the flow
passage and the velOCIty of water through the passage The relatIOn between a
passage's susceptIbIlIty to cloggIng and the passage cross-sectIOn IS

• Very senSitIve -less than 0 7 mm,
• SenSitIve - 0 7 to 1 5 mm, and
• Relatzve inSenSitive - larger than 1 5 mm or contInuously flushmg

emItters

The velOCIty of water through the passage IS as Important as the passage dImensIOns
VelOCItIes rangmg from 4 to 6 mls have resulted m reduced cloggIng

WIth lme-source tubmg, the tendency to clog can be reduced sIgmficantly by regular
lateral flushIng

4 MANUFACTURING COEFFICIENT OF VARIAnON

It IS ImpOSSIble to manufacture any two Items exactly alIke The small dIfferences
between what appear to be IdentIcal emItters cause sIgmficant vanatIOns m dIscharge
TIns IS because the cntIcal dImenSIOnS of the emItter flow passage are small and
therefore dIfficult to manufacture precIsely Small vanatlons m passage SIze, shape
and surface fimsh result III a relatIvely large percentage ofvanatIOn from the nommal
eIllltter dImensIOns Also, some emItters use an elastomer to prOVIde pressure
compensatmg or flushIng abIlIty, all such matenals are mherently dIfficult to
manufacture WIth umform dImenSIOns and charactenstIcs The amount of dIfference
to be expected between components varIes dependmg on the emItter's deSIgn, the
matenals used m ItS constructIOn and the preCISIon With whIch It IS manufactured

4 1 CoeffiCIent of emItter manufactunng varIatIOn, v

The coeffiCIent of emItter manufacturmg vanatIOn IS used as a measure of the
VariatIons anticIpated m dIscharge In a sample of new emItters The value of v

•
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should be aVailable from the manufacturer, but It can be detenmned from the
dIscharge of a sample set of at least 50 emitters operated at a reference pressure
head and calculated by

~qf +q~ + q~ - n(qi )/(n - 1)
V = -'-------------

qa
""here v = coeffiCIent of manufactunng varIation of the emitter, ql' q2' qn = the
10dividual emItter dIscharge rate values, lph, n = number of emItters 10 the
sample, and qa = average dIscharge rate of the sample, lph Table 1 can be used
to assess the quahty of the emItters tested

Table I ClasSIficatIon ofeIDltter coeffiCIent ofvanatIOn, v

QualIty of emItter DrIp & spray emItter Lme-source tubIng

Excellent v < 0 05 v < 0 1
Average 0 05 < v < 0 07 0 1 < v < 0 2
MargInal 0 07 < v < 0 11
Poor 0 11 < v < 0 15
Unacceptable 0 15 < v

The phYSICal SIgnIficance of v IS denved from the clasSIC bell-shaped nonnal
dIstnbutIon curves m whIch

• All of the observed dIscharge rates fall WithIn (1 ± 3v)~,

• Apprmamately 95% ofthe dIscharge rates fall WithIn (1 ± 2v)~,

~ The average of the low one-fourth of the dIscharge rates IS
approxnnately equal to (1 - 1 27v)~, and

• Apprmamately 68% ofthe chscharge rates fall WithIn (l +v)~

• Example an emItter has v = 0 06 and~ = 4lph
95% of the dIscharge can be expected to fall WithIn the range of 3 52
and 4 48 lph, and the average dIscharge of the low one-quarter wIll be
approxImately 3 7 lph

4 2 System coeffiCIent ofemItter vanatIOn, Vs

SInce more than one emItter or eIDlSSIon pomt may be used per plant, the
VarIatIOns m flow rate for all emItters around the plant generally compensate for
one another One emItter IDlght have a hIgh flow rate and another would
probably have a lower flow rate, on the average, the vanatIons m the total
volume of water dehvered to each plant IS less than mIght be expected from
conSIderIng valone The Vs may be charactenzed by

v
v =--

s ~Np

where vs = system coeffiCIent ofvanatIOn and Np = number of eIDltters watenng
each plant

4
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• In FIgure 5 the regIOn of emItter dIscharge IS bounded on the SIdes by the
mInImUm and maxImum pressure In the SUbunIt The bottom and top of the

It should be emphasized that v IS a property of the efJ'lltter alone and Vs IS a
property ofthe trlckle IrrigatIOn system as a whole

3202752407035 100 140 170 205
Pressure (kPa)

FIgure 3 DIscharge versus pressure relatIOnshIps for dIfferent types ofemItter
flow paths

!at ~-~~f-~~------ - l.---
vortex -

I\ressure Compensalron f:::::::: ::::-- - I

'\ VOrtex .......-::::: Pressure CompensalJon

\

~~

~~ ~turbulent
Laminar

I I

5 2 Allowable head vanatIOn

• FIgure 4 IS a schematIc of the dlstnbutIOn of pressure head In a SImple
subUnIt Hm and Hn are the maxImum and mInImUm operatIng heads,
respectIvely

The partIcular example depIcted m FIgures 4 and 5 IS for a subunIt on a
level field WIth constant dIameter marufolds and laterals In whIch variatIOn
In SUbunIt head, ~Hs' equals 3 0 meters when the average pressure head, Ha,

equals 12 2 meters ThIS gIves a subumt head loss ratIO of 0 25

• FIgure 5 shows an example of the combmed effects of pressure head and
manufactunng VarIatIons on mdIVIdual emItter dIscharges LllIs = varIatIon
m subumt operatmg head, m, Ha = average operatmg head, m, qa =average
enntter dIscharge, lph, 'Ix = maxImum emItter dIscharge, lph, qn =
mmnnum emItter dIscharge, lph, and sd = standard deVIatIon, a statIstIcal
measure of the varIatIOns

RELATION OF PRESSURE TO DISCHARGE

The relatIon between change In pressure head and dIscharge IS the most Important
charactenstlc of an emItter FIgure 3 shows thIS relatIonshIp for varIOUS types of
emItters The emItter dIscharge exponent, x, measure the flatness of the dlscharge
pressure curve, and clearly demonstrates the deSIrabIlIty of a compensatIng emItter
that has a flat dIscharge-pressure relatIOnslup CompensatIng emItters usually have a
hIgh v and therr long-term performance IS effected by temperature and matenal
fatIgue The performance of compensatmg emItters over tlJ.e planned penod of use
reqUIres careful conSIderatIOn
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regIOn are bounded by the mInImum and maXJmum dIscharge expected from
a test sample of emItters at each possIble operatmg pressure

AVERAGE LATERAL

MANIFOLD

LATERALS WITH EMITTERS

MAINLINE

FIgure 4 DIstnbutIOn ofpressure head m a suburnt

~Hs on a level field IS caused by fnctIOn loss m the lateral tubmg Haand qa
are not mIdway between the extremes of pressure Tlus IS because
dIscharge and loss of pressure are greatest III the first part of constant
dIameter manIfolds and laterals

450

q.
375

qa

Z qn
0...-

'-" 3 00
0<

Q)
b.O NOMINAL
~ 225 q vs H

~ CURVE
(J)--0
l-< I 50Q)......

fiH s.....-6
Cil

075

o00 l-__1..-_~-;--_---::-_---l.-L_--.L.....l-_

o 3 6 9 12 IS
Pressure head, H (m)

FIgure 5 Combmed effect ofpressure head and manufactunng vanatIOns
on the dIscharge from mdividual emItters
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Table 2 Estunated areas wetted by a 4 Iph emItter operatmg under vanous field
condItIons

14 x 18
22 x 27
20 x 24

1 1 x 14
I 7 x 21
16 x 20

Degree of soIl stratIficatIOn I

06 x 08
lOx 12
12 xIS

S' x W S1 X W S' x We e e

(m x m) (m x m) (m x m)

04x 05 06x 08 09x 11
07x 09 lOx 12 12x IS
09x 11 12x 15 15x 18

Homogeneous StratIfied Layered

Root depth 0 75 m

Coarse
MedIum
Fme

Root depth 15m
Coarse
MedIUm
Fme

Root depth and
SoIl texture

Almost all sods are stratIfied or layered StratIfied refers to relatIvely umform texture, but
havmg some partIcle OrIentatIOn or some compactIOn layermg that gIves a hIgher hOrIzontal
than vertIcal permeabIhty Layered refers to changes of texture WIth depth, as well as partIcle
OrIentatIOn and moderate compactIOn

Table 2 gIves estImates of the areas wetted, Aw, by a standard 4 lph emItter for
dIfferent soIl condItIOns and depths The area of surface soIl wetted by a drIp emItter
usually IS less than half as large as Aw measured at a depth of 15 to 30 cm unless the
applIcatIOn causes surface pondmg The standard 4 lph emItter approxImates the
most common average dIscharge rate, <Ia The long dImensIOn, w, IS equal to the
maxImum expected dIameter of the soIl bulb S'e IS the optImum emItter spacmg and
15 0 8 tImes the maxmlUm expected wetted dIameter ThIS IS the emItter spacmg that
would gIve a reasonably urnform and contInuous wetted stnp The Pw 15 the average
honzontal area wetted m the top 15 to 30 cm ofthe crop root zone as a percentage of
the total crop area

6 SELECTING EMITTERS

The long-term applIcatIOn efficIency of a tnckle IrngatlOn S) stem IS dIrectly effected
by the emItters selected for use EmItter selectlOn IS mfluenced by

• QualIty of the water supply,
• Adequacy of filtratIOn,
• Power aVailable on sIte,
• Degree ofautomatIOn,
• RelIabIlIty of the management,

• AVaIlable labor,
• EmItter desIgn, qualIty, and cloggmg potentIal,
• Allowable varIatIon of pressure,
• SoIl type and stratIficatIon, and
• The percentage area wetted, Pw

The two most lffiportant of these Items are the percentage area wetted and the
rellabcllty ofthe emztter agamst cloggmg and malfunctIOrung
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6 1 StraIght smgle-Iateral systems WIth Sc ~ S'c

N p xSe xw
Pw = x 100

Sp x Sr

Where Pw = percentage of sOlI area wetted along a honzontal plane 30 em below
the soIl surface, %, Np = number of emISSIOn pomts per plant, Se = emItter or
emISSIOn pomt spacmg, m, w = WIdth of a strIp wetted by a row of emItters
spaced at S'e or closer along a smgle lme, m, Sp =plant spacmg m the row, m
and Sr =row spacmg, m

If Se> S'e then Se must be replaced by Sfe

62 Double-lateral systems

The two laterals should be spaced 8'e apart ThIs IS done to mroomIze wetted
area WIthout leavmg extensIve dry areas between the lmes

If the layout IS not deSIgned for optImum wettmg and Se < Sfe, then S'e should be
replaced by the actual Se values used

6 3 Spray emItter systems

The soIl surface wetted, ~, must first be determmed EstImate the sprayer
wetted dIameter by observmg a few sprayers operatmg at the deSIgn pressure
and flow rate

Np[As +(S'e xPS)/2]
Pw = xlOO

Sp xSr

Where Ar, =soil surface area dIrectly wetted by the sprayer =1t x D2/4, m2, and
PS =penmeter ofthe area drrectly wetted by the sprayers =1t x D, m

6 4 DuratIon of lITIgatIon water applIcatIon

After selectIon of a tnal emItter, check the duratIon of rrngatIon water
apphcatIOn for the penods ofpeak use by

T= G
a N

p
xqa

where Ta = rrngatIOn applIcatIOn tIme reqUITed dunng the peak use penod,
hrs/day, G = gross volume of water reqUITed per plant (or urn! length of row)
durmg the peak use penod, l/day, Np = number of emItters per plant, and qa =
average emItter dIscharge, lph IfTa cannot be satIsfied by the system operatIOn
tImes, another emItter must be selected

8



I
I
r
I
[

f

r
[

I~

[

IJ
I
IJ
i
IJ
I
I
IJ
IJ

S\stem OperatIon
Module \-6

7 EMITTER PLACEMENT

FIeld slope must be consIdered when selectmg the placement of emItters near a plant
On slopmg fields the wetted pattern may be dIstorted m the dO\\-TIslope dIrectIOn On
steep slopes thIS dIstortIOn can be extreme, as much as 90% of the pattern may be on
the downslope SIde EmItters should be placed With thIS dIstortIon In nund, FIgure 6

SoIl texture mfluences the shape of the wetted soIl volume On sandy SOlIs water
tends to move downward a greater dIstance than Its movement honzontally On
heavy SOlIs, such as clays, or sods overlaymg a shallow bamer water's hOrIzontal
movement tends to exceed Its downward movement The effect of sad texture on
water movement IS reflected In the estImated areas wetted by an enutter gIven m
Table 2 FIgure 7 shows the placement of mIme emItters on a sandy or lIght soil to
water a tree crop FIgure 8 shows an alternate placement usmg four onlme emItters
to water each tree, FIgure 9 shows the resultIng wetted SOlI volume

FIgure 6 EmItter wettmg pattern on a slopmg field

..
9
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FIgure 7 Wettmg pattern for an mIme emItter on a sandy soIl

FIgure 8 Placement of four emItters to water a tree crop
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FIgure 9 Wetted soIl volume resultIng from the proper placement ofemItters
near a tree crop
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• S)stem OperatIOn

• Module 1-6

COEFFICIENT OF EMITTER MANUFACTURING VARIATION

F CASE STUDY I

I
DATA COLLECTED

Table 1 Data collected for an emItter dIscharge test

J
Observed Observed

Ermtter DIscharge EmItter DIscharge
No (Lph) q2 No (Lph) q2

t 1 30 900 2 30 900
3 3 1 961 4 3 1 961

• 5 32 1024 6 32 1024
7 33 10 89 8 33 10 89
9 34 11 56 10 35 1225, 11 35 1225 12 36 1296
13 37 13 69 14 37 13 69
15 37 13 69 16 37 13 69

I 17 37 13 69 18 38 1444
19 38 1444 20 38 1444
21 39 1521 22 39 1521

I~
23 39 1521 24 40 1600
25 40 1600 26 40 1600
27 40 1600 28 41 1681

IJ 29 41 1681 30 41 1681
31 41 1681 32 42 1764
33 42 1764 34 42 1764

i 35 42 1764 36 43 1849
37 43 1849 38 43 1849

IJ
39 43 1849 40 44 1936
41 444 1971 42 44 1936
43 444 1971 44 45 2025

11 45 45 2025 46 45 2025
47 46 21 16 48 47 2209
49 48 2304 50 49 2401

I :Lq? = 79015 ~=3 946
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COEFFICIENT DETERMINATION

The coefficIent ofemItter manufactunng vanatIOn IS calculated usmg the equatIon

v = ~qf +q~ + q~ - n(q;) / (n-l)

qa

V= ~(79015-50x39462)/(50-1)=012

3946

• All of the observed dIscharge rates fall WIthm (1 ± 3v)x~ = 253 to 5 37

• Apprmamately 95% ofthe dIscharge rates fall WIthIn (1 ± 2v)xqa =3 00 to
489

• The average of the low one-fourth of the dIscharge rates IS approxImately
equal to (1 - I 27v)xqa = 3 35, and

• ApproXImately 68% of the dIscharge rates fall WIthIn (1 + v)xqa =442

The System coefficzent ofemztter varzatwn, VS' IS a functIOn of the number of emItters
used per plant m the field system layout

v
vs = ~Np

As altema,nves for the number ofemItters per plant use 1, 2, and 3

012
• One enutter per plant Vs = .Jf =0 12,

012
• Two enutters per plant Vs = .J2 =0 08, and

012
• Three enutters per plant Vs = .J3 =0 07

13
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EMITTER SELECTION

CASE STUDY II

1 DESIGN DATA

CItruS orchard tree spacmg (Sp x Sr)
Gross water reqUIred per tree per day, Qa

The percentage wetted area requIred for full cover
(shaded area of 80% ofcropped area)

EqUIvalent wetted sod area (S'c x w) for a homogeneous
medIUm soIl texture WIth a SOlI or root zone depth of 15m

3mx4m

120 lIters/day

30 - 50%

IOmxl2m

[,
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AvaIlable emitters

a) StraIght s1Ogle-lateral system, on-hne emItters, qa =4lph

b) Lme-source tubmg, emISSIOn pomt spacmgs = 30 em, qa = 4 lph

c) Sprayers, qa =60 lph, surface soIl Dwetted = 10m, and Np =4 per tree

2 DESIGN STEPS

Calculate the percentage area wetted, Pw' and reqUIred rrngatIOn tIme for each water
applIcatIOn optIOn

a) Straight SIngle-lateral system WIth one on-lIne emItter per tree

Se> S'e therefore Se must be replaced by S'c

p = Np x Se X W x 100 =1x lOx 12 x 100 = 10 %
w Sp x Sr 3x 4

Thus, a mInImum of 4 emItters WIll be reqUIred to obtain a percentage area
wetted of 40% When four emItters are used for each tree, they should be
Installed 10 a Zigzag pattern to gIve the optImal emItter spaCIng m all dIrectIOns,
FIgure 10

r-- - -r - - - - - -,----

I /::.-Tree canopy ''-'-, II

I
/ diameter \

,/ --..; ) "I
I:' ( \ I
I : \ I
(\ I

IE! / m / 1 I
I
('I) 1 I

\ I
\ I

I \ /
\ ~ ,I \ '\. /'~ /

I \ .... we;'ed area /
.... I

I ' 4m ,;1/'",. __ ~ ....£ J

FIgure 10 ZIgzag pattern layout for each tree
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FIgure 11 Lme-source emItter wettmg pattern

Time reqUIred fOf a complete IrrIgation In one day

The tIme reqUIred for a complete IrrIgatIon m one day usmg four emItters IS

--- .....:;:-------1
" I

\ I
\

\
\
\
\
\
\
\
\
I
I
I
I
I
I
I
I

Wetted area ,/
I

I
I

/
/

/

"---_--!'_------

r------7----
I /"
I /
I /
I I

I "I !
I I
I I

I " Tree canopy
IE:-- diameter
IC') :
I I

I ~

I "I \
I \
I \

I "
I "11o--------=.....,.,---+-
"'------------ -

T -_ Qa 120---=-- = -- =3 hours
a N p xqa lOx4

IrrIgatI(!)n can be completed m 9 hours every three days

• SIzes of tnckle lffigation pIpes (mams, sub-mams, mamfolds, laterals,
pump, etc) Will be moderate and the cost Will be moderate

• The wetted area represents a stnp With a Width of about 12m, FIgure 11
ThIs Will force the roots to follow the wetted area Thus, root dIstrIbutIOn
Will be In a strIp (rectangular), whIch IS not recommended for tree crops
The root dlstnbutlOn should be cIfcular m accordance With the tree canopy

System OperatIOn
Module 1-6

T
__ Qa 120

---=-- = -- =7 5 hours
a N p X qa 4x 4

However, the recommended operatIon tIme for the tnckle IrrIgauon system IS
90% of the 24 hours per day for a one statIOn farm Thus, ImgatIOn can be
completed 10 22 5 hours every three days

• SIzes of the tnckle lITIgatIOn pIpes (mams, sub-mams, mamfolds, laterals,
pump, etc) WIll be small and the cost WIll be low

• The wetted area represents a cIrcle WIth a dIameter of 25m (about 40% of
the area allocated for a tree) m the vlclmty ofthe root zone

b) LIne-source tubIng With emISSIon pomt spaCIngs of 30 cm

N =~ = 300 cm = 10
p Se 30 cm

p =NpxSexw xlOO=lOx03x12 x100 =30%
w Sp x Sr 3 x 4

••E:
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c) Sprayers

Assume sprayer placement IS optImal

As = (nD2 )/4 = (3 14 x 1 02)/4 = 0785

PS=nD=3l4x 10=314

Np[As + (S'e xPS) / 2] 4[0785 +(1 0 x 314) /2]
P = x 100 = x 100 = 78 5 %

w Sp x Sr 3x 4

TIme reqUIred for a complete lITIgatIOn m one day IS

T -_ Qa 120
-----=.- = --= 05 hours

a N p xqa 4 x60

Most of the tIme the system IS not operatmg (hIgher cost)

• SIzes of tnckle lITIgatIOn pIpes (mams, sub-maIns, marufolds, laterals,
pump, etc) wIll be large and the cost wIll be hzgh

• WIth a very short tIme for water applIcatIOn, runoff IS lIkely

• FIgure 12 shows the wetted area at a depth of 15 to 30 em, whIch IS greater
than the surface wetted area

1- - -/", - - - - - - "'::'"..... - --,
I'~'

I/'/ """, I
I / Tree canopy diameter \

/ \
I

I \: \
I

I I

: ~

IE) & '
0)\ :

, I

\ :
I

Wetted area /
I / I, '\. / I
I "''------4rn----,'''' ..l.!: __ ~ --=./__ - J

FIgure 12 EffectIve wetted soIl area for four sprayers

3. CONCLUSIONS

• Never replace the four on-lme ermtters by one or two sprayers WIth wetted
dIameters equal to 1 0 meter ThIS WIll reduce the area wetted, may result m
surface run-off, and some lITIgatIOn water could be lost as deep percolatIOn

• You can replace the four on-hne emItters by one or two sprayers WIth larger
wetted dIameters, If they have a flow rate less than the maJnmum mtake rate
of the soIl Sprayers have larger flow passages and, therefore, are less
susceptIble to pluggmg Usmg low flow rate sprayers WIll lower costs of
the delIvery system

16
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The reqUIred percentage wetted area varIes accordmg to the SIze of the tree
canopy (shaded area) and plant spacmg The SIze of the tree canopy vanes
accordmg to tree age and vanety The percentage wetted area can be
satIsfied usmg

One elllltter (Pw = 10%) for the year ofplantmg
Two enutters (Pw =20%) for the second year
Three emItters (Pw=30%) for the thIrd year
Four emItters (Pw = 40%) for the fourth year (expected year of full
shadmg)

17
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41ph

05 x 18m
075m

MedIum homogeneous
07x09

Lme-source GR tubmg delIvers water
EmISSIOn pomt flow rate

Plant spacmg (Sp x Sr)
Rootmg depth
SOlI type
S' xwe

EMITIER SELECTION

CASE STUDY III

DESIGN DATA

DesIgn a tnckle ImgatIOn system for a tomato field m the Jordan Valley

P = N p x Se X W x 100 = 0714 x 07 x 09 x 100 = 50 %
w Sp x Sr 05 x 18

Each plant receIves 4 x 0 714 =2 856lph

• WIth an eInltter spacmg of 50 em, whIch IS less than the optImal ermtter spacmg
of 70 em, 1 emItter contnbutes to each plant

I

• GR tubmg WIth emISSIon pomt spacmgs of 70 em should be used

• NotIce that when an emISSIOn pomt spacmg closer than the optImum IS used,
there IS lIttle, Ifany, mcrease m the wetted area (from 50 % to 50 1 %)

• The addItIonal water applIed (l 144 lph and 3 824 Iph at emISSIOn pornt spacmgs
of 50 em and 30 cm, respectIvely) IS lost as deep percolatIOn

p = N p xSe x w x 100= lx05x 09 x 100=50 %
w Sp x Sr 05 x 18

Each plant receIves 4 Iph

• Usmg an emItter spacmg of30 cm, whIch IS even less than the preVIOUS emItter
spacmg of50 cm, results m 1 67 e1ll1tters contnbutmg to each plant

p = NpxSe xw xl00= 167x03x09 x100=501%
w Sp x Sr 05 x 18

Each plant receIves 4 x 1 67 = 6 680 lph

DESIGN STEPS

• WIth an optnnal emISSIon pornt spacmg of 70 em, 0 714 emItters contnbute to
each plant
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MICRO IRRIGAnON SYSTEMS

LATERALS

[Supplemental]

1 INTRODUCTION

Lateral tubmg branches from submams Laterals dIstnbute water to emItters, wluch
delIver water dIrectly to the SOlI surface over the root zone In most mstallatIOns
field dImenSIOns, field slopes crops, and cultural practIces are decIdmg factors for
detenmnmg lateral hne lengths and dIameters

2 GENERAL DESIGN FACTORS

2 1 Laterallength

• Lateral lengths must be kept reasonably short to avoId exceSSIve dIfferences
m pressure along the lateral

• Factors that affect the maxImum recommended length are

DIscharge per emItter or umt length of porous tubmg,
DeSIred emISSIOn umfonmty,
Flow charactenstics of the emItter selected,
Lateral layout pattern,
TerraIn slope, and
Lateral dIameter

2 2 Allowable pressure vanatIOn

• Lammar flow emItters

The relatIOnslup between dIscharge and operatIOn pressure IS nearly lmear,
doublmg the pressure doubles the dIscharge Therefore, the vanatIOns m
operatIon pressure head WithIn the system are often held to WIthm ± 5% of
the deSIred average

• Turbulent flow emItters

The change In dIscharge vanes WIth the square root of the pressure head, the
emItter dIscharge exponent x equals 05 Consequently, the pressure must
be mcreased four tImes to double the flow VanatIOns m operatIOn pressure
heads WIthm the system are often allowed to ± 10% ofthe deSIred average

• Flow-compensatmg effiltters

When the emItter dIscharge exponent x ranges between 0 3 and 0 4,
conSIderable regulatIon IS aclueved (1 e, a 50% head dIfferentIal would
cause only a vanatIOn of 13% to 18% m dIscharge), and there IS stIll some
capabIlIty to adjust the dIscharge rate

Compensatmg emItters are valuable on hilly SItes where It IS ImpractIcal to
deSIgn for uruform pressure along the laterals and submams

1
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BURIED
LATERAL

TUBE TO
DISTRIBUTE
WATER

EMITTER

C ON-LINE RISER
WITH EMITTER

EMInER

LATERAL

EMITTER

LATERAL

A IN-LINE EMITTER

BARB INTO
LATERAL WALL

BARB
CONNECTION

• The emttter connectIOn fuctlon loss IS expressed as an eqUIvalent length of
lateral, t;" when estunatmg loss due to £hcttOn m laterals The ~-depends on
the SIZe and type ofbacb and on the mSIde dIameter ofthe lateral FIgure 2
gIves esttmated t: values for m-Ime ernttters and three dIfferent SiZes of on
lme barbs as a funetton ofthe mSIde dIameter ofthe lateral

• Stress due to on-hne errutter barbs stretchtng the lateral wall can create a
problem Excess stress causes premature agrng and crackIng at the JOint
Tht~ results m leakage and m extreme cases the emItter connectIons may
rupture To prevent thIS potentIal hazard, on-hne effiltters should be
connected to the lateral With barbs m properly SIzed, smooth-edged,
punched-out holes In-hne emItters (non-GR) should be proVided WIth
compressIon barbs or compresslon-nng fittmgs

B ON-LINE EMITTER

FIgure 1 TypICal connectIOns oferrutters to laterals

2 3 ConnectIon losses

• The three marn types of lateral connectIOns are rn-Irne, on-Ime, and on-hne
nser FIgure 1 shows that the rn-Ime connectIOn has the sImplest
configuratIon On-Ime-nsers are used rn subsurface apphcatlOns However,
the subsurface apphcatIOn method IS cost effectIve only when the emItter
spacmg IS WIde, or where It provIdes agronomIc advantages

2 4 Field parameters

• Average field slope

On fields where the average slope ill the dIrectIon of the laterals IS less than
3%, It IS most econonucal to supply laterals on both SIdes of each submam
The submam should be pOSItIoned so that startrng from a common submam
connectIon the mmlmum pressures m the paIr of laterals (one to eIther SIde of
the submarn) IS equal

On fields where the average slope m the dIrectIon of the laterals IS steeper
than 3%, It IS recommended that the supply laterals be on only one SIde of
thesubmam
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75

e
06 On-Lme Connection......

Barb= mm
~

-; \

~
SIZe a b\

~
,

= Large 5 75go 045
Standard 5 50

<ir.l
<ir.l Small 5 380-co.-....
u
~

==o
U
t.o
~ 015....·s
~

10 125 15 175

InsIde dIameter of lateral, mm

FIgure 2 Enutter connectIon loss, t::, values for dIfferent barb SIzes
and lateral diameters

• FIeld Geometry

It IS most convement for field IrngatIOn management, ImgatIOn schedulmg,
tmganon system operatIOn, etc to have the same submam spacmg and lateral
length for all crops on the farm Iftlus cannot be done, at a nummum try to
use~he same submam spacmgs and lateral lengths for a gIVen field and crop

If the hydraulIc desIgn mdlcates that the best lateral length IS 60 In, but the
field geometry IS 200 m x 200 m Then, It IS more convement to have a
lateral length of 50 m rather than 60 m

3

• Flow rate ofa lateral can be computed by

Q =Lxqa = n xq
L Sea

e

3 NUMERICAL LATERAL DESIGN

3 1 Lateral flow rate

• When two laterals extend m opposIte dIrectIons from a common mIet pomt
on a submam, they are referred to as a parr oflaterals When the field slope
IS the same on both SIdes ofthe submam, the length ofa parr oflaterals, Lp,
IS equal to the submam spacmg, Sm When consldenng the length ofa smgle
lateral, which extends m one dIrectIOn from a submam, the length IS

desIgnated by L
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FIgure 3 A typICal headloss curve for a constant diameter lateral
on a umform slope
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where QL = lateral flow rate, lph, L = lateral length, m, Se = spacmg of
emItters on the lateral, m, ne = number ofernttters along the lateral, and qa =

reqUIred average emitter discharge, lph

qt x I

20

Where qt = volume of water needed per plant per day, lpd, I = rrngatlOn
mterval, days, Ta = ImgatlOn time reqUIred dunng the peak use penod, hr,
ED = deSIgn elnlSSIOn umfonmty, deCImal, and Np = number ofelnltters per
plant

3 2 Pressure Heads

About three-fourths of the head loss occurs between the locatIon of the average
emItter and the lateral mlet, where the flow IS greatest As flow m the lateral
decreases, because ofwater bemg discharged through the emItters, the head loss
curve flattens, see FIgure 3, so that only about one-forth ofthe total pressure loss
takes place between the average effiltter and the end ofthe lateral The general
locatIOn of the average effiltter IS between 0 38L and 0 4L, measured from the
submam, for constant diameter laterals on a uruform slope
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Table 1 Recommended ranges ofdeSIgn emISSlOn urufonmtIes

System OperatIons
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DeSIgn emISSlOn umforrmty (ED)

The EU specIfies the relatlOn between the gross Imgatlon quantIty and the
net addItlOn to the average plant root zone For a new system, the deSIgn
EU should be wIthtn the range gn·en In Table 1

I
I
,

"'l

-;..,

I-
I-

r

•

EmItters
EmItter type per plant Topography

EUrange
%

Where v =manufacturers coeffiCIent of elDltter vanation

The workIng pressure requIred for the lDlmmum deSIgn dIscharge In the
system, Hn, IS computed as the head that WIll give qn

The Illlll1mum permISSIble deSIgn dIscharge, qn, IS found usmg the deSIgn
ED, qa. Np, and v

The workIng pressure reqUIred by the average emItter m the system, Ha, IS
computed as the head that WIll gIve ~

90-95
85 -90
85-90
80-90
90-95
85 -90
80-90
70-85

Umform l

Umform
Undulant2

Undulant
Umform
Undulant
Umform
Undulant

Pomt-source ~ 3
Pomt-source < 3
Pomt-source ~ 3
POInt-source < 3
Spray All
Spray All
LIne-source All
Lme-source All

1 Umfonn WIth slopes ~ 2 %
2 Undulant WIth slopes> 2 %

qa xEU
q =-~--=.;=-----"'7

n 1O~1-127 x v / ~N p )

H. ~H[~r
Where H = rated worlIng pressure head of the emItter, m, qa = average
emItter dIscharge, lph, q = rated emItter dIscharge, lph, and x = ermtter
dIscharge coeffiCIent

•

•

•

I~

t
[

IJ
13
IJ
13
11
IJ

IJ
IJ

IJ
Where Ha =workIng pressure reqUIred by the average emItter In the system,
ill, qa = average emItter dIscharge, lph, ~ = rmmmum perrmssIble deSIgn
dIscharge, lph, and x =emItter dIscharge coeffiCIent
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• Allowable Subumt Pressure Head VanatIOn, AHs

The allowable subumt (submam plus attached laterals make up a subumt)
pressure head vanatIOn IS

• Allowable Lateral Pressure Head Vanahon, AH

AlI IS the maxlIDUIn allowable lateral pressure head vanatlon that Will
satisfy the desIgn emISSIOn urufomuty LimIt the lateral pressure head
dIfferences to one-halfof the allowable subumt pressure head vanatIOn

AH=O 5ARs

• With the calculated and known mformatIOn It IS pOSSIble to calculate the
IDSlde diameter of lateral tubmg needed

Where D =lDSlde diameter of laterallme reqUIred, nun, F =multIple outlet
reductIon factor, whIch equals 0 36 for trIckle IrrIgatIOn laterals havmg more
than 20 outlets, see Table 2 for lesser outlet numbers, QL = lateral dIscharge,
Ips, and fe = emItter connectIOn loss eqUIvalent, m

Manufacturers use dIfferent outSIde and mSIde diameters for theIr tubmg
To select the correct SIze lateral Ime, check the InsIde dIameter of the
nommal tubmg supphed

Table 2 Reductton coeffiCIent:, F, for multIple outlet pIpes

Number F Number F
ofemttters EndI Mtd2 of emttters End Mid

1 1 00 1 00 8 042 038
2 0 64 0 52 9 0 41 0 37
3 0 54 0 44 10 - 11 0 40 0 37
4 049 041 12 - 15 039 037
5 046 040 16-20 038 036
6 044 039 21 - 30 037 036
7 043 038 ~31 036 036

1 The frrst emitter IS a full space from the lateral mlet
2 The fIrst emItter IS one-halfspace from the lateral mlet

• In some cases the farmer may Wish to reuse lateral lmes m another locatIOn
With a dIfferent dIscharge The equatIon can be mampulated to calculate the
maxImum lateral length that should be used under the new conditIOns

S xM!xD475

L= e
F x 7 89 x 105 x Q17'(Se + fe)

6
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EMITTER FLOW VARIATlON,qvar'(%)

FIgure 4 RelatIOnshIp between emItter flow vanatIOn and pressure vanatIOn for
chfferent eIIl1tter x-values

• EstablIsh a pornt along thIs hne m Quadrant I at the upper boundary of
'deSIrable' zone A or 'acceptable' zone B The deSIgn cntena WIll determme
whether zone A or zone B IS used From thIs pomt draw a honzontal hne
mto Quadrant II

• Draw a vemcallme mto Quadrant II from the LIB value m Quadrant IV so
that It mtersects the honzontallme from Quadrant I (above step)

• At the IntersectIon pomt, determme the MilL value ill Quadrant III

4 1 SelectIng the correct lateral bne SIze

• EstablIsh a mal LIH m Quadrant IV

• Usmg FIgure 5 or 6 move hOrIzontally from L/H to the % slope ofthe lateral
lme m Quadrant ill From the mtersectlOn pomt draw a vertIcallme mto
Quadrant I

4 GRAPHICAL LATERAL DESIGN

EmItter flow VarIatIOn caused by lateral pressure vanatIOn IS a functIOn of the emItter
x value As shown on FIgure 4, when the x value IS OS, whIch IS true for most
onfice type eItlltters, a pressure vanatIOn of 20% IS eqUIvalent to a 10% emItter flow
vanatIOn On the deSIgn charts for umform down, FIgure 5, and up slopes, FIgure 6,
there WIll be a 20% pressure vanatIOn If zone A IS used and a 40% pressure vanatIOn
If zone B IS used When used WIth the nomograph sho\\'n m FIgure 7, the correct
lateral SIZe can be determIned The figures also can be used to check the deSIgn
when a lateral SIZe IS gIVen
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• From the nomograph, Figure 7, usmg the total discharge QL and LUf/L, the
mlDlmum laterallme mSlde diameter IS read

4 2 CheckIng acceptabilIty ofa given laterallme

• Use FIgure 7, the total dIscharge, and laterallme mSIde dIameter to
detennme MIlL

• Use the desued Land H values to establIsh L/H m Quadrant IV of Figure 5
or 6, draw a vertlcallme mto Quadrant II to the LlliJL value, then move
honzontally mto Quadrant I

• Move honzontally from LIB m Quadrant IV to the % slope of the lateral
lme m Quadrant III From the mtersectlOn pomt draw a vertical lIne mto
Quadrant!

• At the mtersectIon pomt In Quadrant I, determme the acceptabilIty of the
deSIgn

Zone A - deSirable
Zone B - acceptable
Zone C - not acceptable

8
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LATERAL DESIGN

CASE STUDY I, NUMERICAL

1 DESIGN DATA

Emitter and lateral characteristics

q =4 Lph H = 10 m
ED =80% v = 0 033
Se =0 5 m L = 50 m
I = 3 days Ta = 4 hours
Laterals are GR type WIth m-Ime etnltters

2. DESIGN STEPS

• The average enntter discharge requrred (q.)

q xl 16x3
q = t = =375 lph

a Ta XED XNp 4 X080 X4

• The rmmmum discharge (qn)

qa X EU 375 X 0 8
qn = 127v =1_1 27 x 0033 =3 061ph

l--~N-p .J4

• The average pressure head (Ha)

[ J
IIX [ ]11042

Ha= H :a =10 3:5 = 858 m

• The mmunum pressure head <Hn) that wtl1 give the nurumum discharge

H =H [.9.!L](I1l1.) =858X[306](IJ042) =529m
n a 375qa

• The allowable subumt pressure head vanatlOn (MIs)

MIs = 2 5(Ha - !fn) =2 5(8 58 - 5 29) =8 23 m

• LlIJ11t the lateral pressure head vanatlOn (Llli) to one-halfof the allowable subumt
pressure head vanatlon

Mi =0 5 (8 23) = 4 11 m

12
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• Discharge for 50 m lateral (Qd

Lxqa 50x375
QL = = De X qa = = 375iph =010 ips

Se 05

• Lateral diameter

[

036 x 50(789 x 105)010175(05 + 0225)]°211
D = = 1108 mm

411 x 05

For field mstallatlOn the next avadable lateral hne with insIde dIameter larger than
II mm would be used

Note The graphIcal procedure covered In SectIOn 4 can be used for thIs desIgn
problem

LfH=5
FIeld slope =0%
LlliIL = 4%
QL =0 123 Ips
Lateral diameter = 12 mm for Zone A, 90% ED
Lateral diameter = 11 mm for Zone B, 80% ED

13
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LATERAL DESIGN

CASE STUDY IT, GRAPHICAL

I DESIGN DATA

qa =4 Lph H = 10m
Se =0 3 m L = 100 m
Field slope = 1% down
Laterallmes are GR type WIth m-Ime enutters

2 DESIGN STEPS

• Number ofenutters = 100/03 =333
• Total lateral discharge QL = 333 x 4 = 1332 Iph =0 37 Ips
• Determme L/H = 100/10 = 10
• Usmg FIgure 8 move honzontally from L/H = 10 to the 1% down slope hne

m Quadrant III From the mtersectlOn pomt draw a vertIcal hne mto
Quadrant I

• Estabhsh a pomt along this lme m Quadrant I at the upper boundary of
'deSIrable' reglon A From this pomt draw a honzontal hne mto Quadrant II

• Draw a vertIcal line mto Quadrant II from UH = 10 so that It mtersects the
honzontallme from Quadrant I

• At the mtersectIOn pomt, determme MIlL =3 5% m Quadrant ill
• From the nomograph, FIgure 9, usmg the total dIscharge QL =0 37 Ips and 6

H/L =3 5%, the rrummum laterallme mSIde diameter IS read as 1 9 cm or 19
mm For field mstallatIOn the next avatlable laterallme WIth InSIde dIameter
larger than 19 mm would be used

I
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System OperatIon
Module 1-8

MICRO IRRIGATION S\STE\fS

MAIN AND SUBMAIN PIPELI"IjES

[Supplemental]

1 I~TRODUCTION

• Common thermoplastic pIpe matenals are PolyVmyl Chlonde (PVC) and
PolyEthylene (PE) These matenals are used m a Wide vanety of applIcatIOns m
tnckle lITIgatIon systems Because they are easy to fabncate, locally produced
PVC and PE pIpes are employed m many rrngatlon systems m Jordan

• Surge pressures, commonly referred to as water hammer, occur In unsteady flow
regimes and are associated With rapId changes m flow velOCIty and resultmg rapid
changes In pressure Rapid changes In the flow velOCity cause the lanetlc energy
assOCiated WIth velOCIty to be converted to pressure The more rapid the change m
flow velOCity, the greater Will be the magmtude ofresultmg pressure surge

Pressure surges occur when valves are opened or closed, when pumps are started
or stopped or by sudden releases of entrapped arr

• ThermoplastIC pIpes are dIVIded Into low and hIgh pressure categones The
pressure categones are based on the pipe matenal dIameter, and deSIgn operatmg
pressure mcludmg any surge pressure

Low pressure
NOmInal dIameter 114 mm to 630 mm
Internal pressure less than 545 kPa (54 atm or 79 pSI)

HIgh pressure
Nommal dIameter 21 mm to 710 mm
Internal pressure 550 to 2170 kPa (5 4 to 21 4 atm or 80 to 315 pSI)

2. WATER DISTRIBUTION SYSTEM PIPE LINES

2 I Mamlmes

• The pnnclple functIOn of the mamIme IS to convey the reqUIred quantities of
water from the source to all parts of the ServIce area at the pressure reqUIred
to operate all laterals under maxnnum flow conditIOns The pnnclpal deSIgn
problem IS the selection of pIpe SIZeS that Will accomphsh thIs functIOn
econOmIcally Here the lme runnmg from the water source to the deSign area,
usually called the supply lme, Will be treated as part of the mamlIne

• The deSIgn of mamlInes reqUIres an analySIS of the entire system to
determme maxImum reqUIrements for capaCIty and pressure The clasSIcal
procedure IS to assume, WithIn a reasonable range, several values of
allowable head loss due to frIctIon ill mam hnes and to compute the pIpe SIze
or SIzes for each assumed value The pIpe SIzes thus obtamed are then
checked for energy economy, and the most economIcal SIZes are selected
Tables I to 3 gIve head losses due to mctlon for a range of pIpe SIzes and
flow rates

1
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• The velocity of flow 10 maIO hnes should be restncted to elimmate excessive
water hammer This IS particularly Important 10 plastic pipes In plastic pipe
the mambne velocities should be lllruted to I 5 mls Surge pressures are
approXimately equal to 85 kPa for each 0 3 mls velocity change

• MamlInes are usually laid out so the flow IS spht or divided as close to the
supply end as possible (when more than one mamiine IS needed), their
directIOn IS parallel or at nght angles to the rows, they are not looped, and
their length IS as short as practical

• Flushmg valves should be mstalled at the ends of all mamlmes FIltratIOn
does not remove all suspended matenal and eventually sedIments accumulate
10 the tubmg These sediments must be flushed out of the hnes The
frequency of flushmg (whether daIly, weekly, or monthly) depends upon the
seventy of sediment accumulatIOn Checkmg the flush water for suspensIOn
IS one way to determme sediment buIldup

22 Submams

• Submams connect the mamlIne to laterals, which branch from the submam
on one or both sides The submam may be on the surface Submam lengths
should not exceed 200 m and 10 some cases 100 m to maIntam dlstnbutlon
urnfonruty and stIll proVide a convernent suburnt size

• It IS most convernent to have the same submaIn spacmg throughout the field
m all crops

• SubmaIns usually start With a pressure regulator and gate valve The area
served by one submam IS called a suburnt Where the average slope along
the submam IS less than 3%, It IS usually most econonucal to have submaIns
extendmg m both dIrectIons from the water entry pomt

• Submam dtameters (sizes) are selected so that pressure head vanatlon m
laterals and the submam did not exceed the -allowable pressure head
vanatlOn m the suburnt Allowable vanatlOn m the suburnt pressure head IS
that whIch wdl gIVe an enusslOn umfornuty reasonable close to the deSired
deSign value In order to mamtam the deSign enusslon uruformIty, the
pressure head must stay between the nurnmum pressure and the ffilrnmum
pressure plus allowable head vanatlOn whIle mcludmg all effects of pipe
frIctIon and elevatIon Tables 1 to 3 gIve head losses due to mctlon for a
range ofpipe SIzes and flow rates

• For the same reason gIven for mamhnes, flushIng valves should be mstalled
at the ends ofall submams

23 Headers

The mam purpose of header hnes IS to reduce pressure head vanatlOns on steep
topography Each header serves two to five laterals and IS connected to and runs
parallel With the submam If a header starts With a gate valve or pressure
regulator, the subumt IS defined as the area served by the header mstead of the
area served by the submam Often polyethylene tubes can be used for headers,
two sIZes readIly aVailable m Jordan are gIven m Table 1

2
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Ir Table 1 Fnctton loss gradIent In m per 100 m for dIfferent flow rates Inih
polyethylene tubes used for tnclde ImgatlOn laterals and headers

I~ Flow Rate 16 20 Flow Rate 16 200.""......
1m (147) (178) 1m (147) (178)

I~
05 005 002 15 1974 796

075 o10 004 155 2091 843
1 o17 007 16 2210 891

I~
125 026 010 165 2333 94
1 5 035 014 17 2458 990

1 75 046 019 175 2586 1042

I~
2 058 023 18 2716 10 95

225 071 029 185 2850 1148
25 086 035 19 2986 1203

I~ 3 1 18 048 195 3125 1259
35 155 062 20 3266 13 16

4 195 079 205 3411 13 74

I~ 45 240 097 21 3558 1434
5 289 1 16 215 3707 1494

I~
55 341 137 22 3859 1555

6 397 160 225 4014 1618
65 457 184 23 41 71 1681

Ie 7 520 210 235 4331 1745
75 587 237 24 4494 1811

8 657 265 245 4659 1877

II
85 731 294 25 4827 1945

9 808 325 255 2014
95 888 358 26 2083

Ii 10 971 391 265 2154
105 10 58 426 27 2225

11 1147 462 275 2298
-

Ie 115 1240 500 28 2312
12 13 36 538 285 2446

125 1435 578 29 2522

II 13 1537 619 295 2598
135 1642 662 30 2676

14 1750 705 305 2755

II 145 1861 750 31 2834

I~

ID
ID
ID
ID 3
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Table 2 FnctlOn loss gradIent In m per 100 m for different flow rates In

IPS-PVC thermoplastIc pIpe I

Nommal pIpe sIze (mslde dIameter), mm
Flow rate 32 38 50 64 75

Ips (389) (44 6) (554) (674) (834)

050 066 034 012
075 134 070 025 010
100 221 1 16 041 o16 006
125 327 1 71 061 024 009
150 45 235 084 033 012
1 75 59lY 308 1 10 043 016
200 744 389 139 055 020
225 914 476 171 067 024
250 574 205 081 029
300 790 282 1 11 040
350 369 146 053
400 467 184 067
450 573 226 082
500 272 099
550 321 I 17
600 374 136
650 430 156
700 490 1 78
750 552 201
800 225
850 250
900 276
950 304
1000 332
II 00 393

1 32 to 64 mm pIpe IS SDR 26 (Class 109 atm or 160 pst), 75 mm IS

SDR 32 5 (Class 8 5 atm or 125 pst)

2 For flow rates folloWlthe bolded value, the velOCIty exceeds 1 5 m1s

4
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* For flow rates followmg the bolded value, the velOCIty exceeds 15 m1s

S)'stem Operauon
Module 1-8

NOmInal pipe sIZe (1Oslde diameter), mm

028
057
094
140*
1 92 037
251 049

061
076
091 026
107 031
125 036
144 041
164 047
1 85 053

059
066
072 025
080 028
087 031
095 033
103 036
120 042
138 048

055
062 028
070 031
077 034
086 038
094 042
103 046
1 12 050
122 054
1 31 058

063
068
072
077
082
088

100 150 200 250 300
(l087) (1600) (2084) (2597) (308 I)

50
75
100
125
150
175
200
225
250
275
300
325
350
375
400
425
450
475
500
525
55

160
65
70
75
80
85
90
95
100
105
1I0
1I5
120
125
130
135
140
145

Flow rate
Ips

Table 3 FnctlOn loss gradient 10 m per 100 m for dIfferent flow rates 10

SDR 41-IPS-PVC (class 68 atm or 100 pSI) thermoplastic pipe
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3 LAvour CONSIDERATIONS

The two pnmary concerns m posltlOmng mamlInes, submams, headers, and laterals m
a field are to mmmuze costs and mamtam a uruform pressure dlstnbutIOn along the
laterals Mamlme pIpes are the largest m the system and cost substantIally more than
the laterals, the mamlIne length should be ffilrunuzed

Pressure regulators can be used to mamtaIn uruform pressures at the entrance to each
submaIn or header Where pOSSIble, use topographIc effects to mamtam a uruform
pressure dlstnbutIOn along the lateral

3 1 Moderate, uruform slopmg field

• When fields are large, maInlInes are normally placed at the center of the field
runnmg m the dIrectIOn of maxImum slope, FIgure 1 For small fields,
mamlInes are placed along one edge to mImmIze Impact on field operatIOns

• Laterals are run at nght angles to the submaIn m the dIrectIon of mmlmum
slope, to msure the hIghest pressure and dIstnbutlon umfofffilty for the SIte
Where the topography of the field allows, long laterals may be run shghtly
down slope to use the pressure gam to offset some of the pressure lost to
mctlon

3 2 On moderately slopmg terram

• It may be pOSSIble to place the mamlIne along the upper edge of the field,
FIgure 2

• Laterals are run down slope at nght angles to the maInlIne ThIs placement
partIally balances the frIctIOn head loss along the lateral WIth the gam m
pressure due to elevatIOn dIfferences Resultmg pressures and dIscharges
are more uruform along the lateral

3 3 Irregular terram

• Mamhnes are placed along the ndges

• Where slopes are not too steep, laterals are run down slope to mamtam
pressure and dIscharge urufOfffilty

4 REQUIRED SYSTEM FLow RATE

4 1 Submam chscharge rate

The reqwred tnclde lITlgatlon system flow rate must be determmed before
selectmg pipe sIZes and pump specIficatIOns The deSIgner starts at the lateral and
works to the water source

The capaCIty for any tnckle lateral hne IS gIVen by

Q _ ne x qa
L - 3600

where QL = reqUired flow rate mto the lateral, Ips, l1e = the number of emISSIOn
pomts on the lateral, and qa = average mdlVIdual emISSIOn pomt chscharge, Iph

6
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FIgure 1 MaIn and submam placement on a field WIth moderate, umform slopes
and the water supply at one edge
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See module 1-7, Laterals, for more mformatlOn on the SlZlllg of lateral hnes
IndIVIdual discharges of all laterals on a submam or header are added to
detemune the reqUired dIscharge ofthe submam or header

nL

LQL1
Q

s
=...:..1=....:.1__

Es

where Qs = reqUIred flow rate mto the submam, Ips, nL =the number of laterals
on the submam, 1= mdex, and Es =submam efficIency, declffial fractIon

4 2 Mamlme dIscharge rate

Generally all submams on a mamlme do not operate at the same tIme The
submams are grouped mto sets, all submams m a set operate at the same tIme
DIscharges of all submams m a set are added The set haVIng the largest
dIscharge reqUirement determmes the deSign dIscharge ofthe mamhne, QM

Q
_ Qs mx

M-
EM

where QM = deSign flow rate of the mamlme, Ips, Qs mx = flow rate of the
submam set reqUlrmg the largest flow rate, Ips, and EM = mamlme effiCIency,
deCImal fractIon

4 3 System dIscharge rate

System capacIty must meet peak crop evapotranspIratIon reqUlrements Thts IS
partIcularly essentIal where lITlgatlon prOVIdes the major or only source of water

I
to the crop System capaCIty IS a functIon of the number of mam lmes served at
the same tIme, and the tIme each submam IS operatmg The operatmg tIme per
season must be known for econOffilC analysIs

5. SUBMAIN AND MAIN LINE DESIGN

5 1 Submam DeSIgn

The submam acts as the water delIvery control system, pressure regulators are
often mstalled at each submam mlet DeSIgn of submams IS based on both
capacity and unIformrty CapacIty means the submam sIZe should be large
enough to dehver the reqUIred amount of water to Imgate the field UmfOrmtty
means the submam should be deSigned to mamtatn an allowable pressure VarIatIOn
so the flow mto all laterals IS W1thtn the deSIgn cntena

The submam IS hydraulIcally the same as a lateral lIne haVIng steady spatIally
vaned out flows For smgle sIze submams on a uruform slope the deSign charts
presented m Module 1-7, Laterals, may be used For submam deSIgn, total
dIscharge IS the summatIOn ofall lateral Ime dIscharges

8
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Smce the length of a submam IS relatively short, 25m to 75m, SImplIfied deSIgn
charts can be prepared FIgure 3 IS deSigned for submam slopes equal to or larger
than 0 5%

FIgure 4 IS used for slopes less than 0 5% and an allowable pressure vanatlon of
10%

5 1 1 Submam DeSign Steps, Rectangular Fields

• Determme the total dIscharge, Qs, for the submam
• Detemnne the length and pressure head ratio LIH
• Determme the submam slope If the slope IS less than 05%, use FIgure

4 to deSIgn the submam SIZe
• If the submam slope IS equal to or larger than 0 5%, use Figure 3 to

deSIgn the submam

5 12 Submam DeSIgn Steps, Irregular FIelds

The submam deSIgn charts are for use on rectangular shaped fields where
latera1lme lengths are all the same For rrregular shaped fields, whIch can
be conSIdered as a tnangle or trapezoId, a shape coeffiCIent, Cs, can be
apphed to determme an adjusted total dIscharge m order that the design
charts can stIll be used

ConSIder rrregular shaped fields as trapeZOIds that can be classIfied m the
two groups show m FIgures 5 and 6 In group 1 the flow drrectIOn m the
submam IS from the long laterals (A) to the short laterals (B) In group 2
the flow dIrectIOn m the submam IS m the reverse dIrectIOn When B IS zero
the field WIll be tnangular The B/A ratIO shows the degree of trregular
shape

• Detenmne the total dIscharge, Qs, for the submam
• From the field shape and the flow dIrectIOn m the submam, IdentIfy the

shape group and detenmne the values ofA and B
• Calculate B/A and determme Cs from eIther FIgure 5 or 6
• Determme the adjusted total dIscharge, Qadj = CsxQs
• Detenmne the length and pressure head ratIO LIH
• Determme the submam slope
• Detemune the submam slope Ifthe slope IS less than 05%, use FIgure

4 and the adjusted dIscharge, Qadj, to deSIgn the submam sIZe
• If the submam slope IS equal to or larger than 0 5%, use FIgure 3 and

the adjusted dIscharge, Qadj, to deSIgn the submam

9
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CautIOn: For all sectIons of the mam Ime the energy gradIent must be hIgher
than the pressure head reqUIred for the laterals Figure 8 shows acceptable (hne
A - B) and unacceptable (hne B - C) energy gradIent hnes

• From the topographIc map ofthe field, plot the profile of the mamlme
• Plot the requIred pressure head along the malO lme profile
• Detenmne the energy slope, %, along the malO hne

En Sl
Total Energy at Inlet - Total Energy at End 100

ergy ope = x
Mam LIne Length

• DeSIgn the mam hne SIZe for each sectIon usmg FIgure 7 WIth the total flow
rate In each sectIon and the mam hne energy slope A sectIon IS the distance
between submam offtakes

5 2 Mamhne DesIgn

The mam hne serves as a conveyance system for delIvenng the requIred amounts
of water for ImgatlOn DesIgn of a mam hne IS based on the hydraulIcs of pIpe
flow Smce the total dIscharge m the mam hne IS decreasmg WIth respect to
length, the mam Ime IS usually deSigned as a senes of pipes WIth decreasmg
diameters Mam hnes should be deSigned such that the total energy at any outlet
along the hne IS equal to or hIgher than the energy reqUIred at that pomt
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SUBMAIN AND MAIN PIPELINE SIZING

CASE STUDY

1 DeSign Data

1I laterals per submam
QL=0 2 Ips
Lateral spacmg = 2 m
FITst latera11s placed 1mfrom the submam Inlet
Pressure reqUIred at submam mlet = 10m
Submam slope =3%

8 submams on the mam hne
Submams are patred
Submatn spacmg = 50 m
DIstance from source to first submam patr = 10m
Pressure head at the source = 15 m
Mam hne slope = 1%

Submatn and mamlme effiCIencIes, Es = EM = 95%

2 Design Calculations

2 1 DeSIgn flow rates

• Flow rate per submam (Qs)

nL

Q = ttQ
Li

= QL x nL = 02 x 11 = 2 32 1 s
sEE 095 Ps s

• Flow rate reqwred at head ofmamlme to lTTlgate 8 submams (<2:M)

ns

Q _ ~Q
S1

_ Qs x ns _ 232 x8 _ 19541
M - - - - ps

EM EM 095

2 2 Submam DeSIgn

• Submam length =2 x 10 + 1 =21 m

• Slope = 3%

• From FIgure 9 the mSIde dIameter of the submam IS about 40 mm The next
larger avaIlable SIZe ofpIpe should be used for field mstallatlOn

2 3 Mam Lme DeSIgn

• Mamlme length = 3 x 50 + 10 = 160 m

• Determme the energy slope, %, along the matn lme

15
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E Sl Total Energy at Inlet - Total Energy at End 100
nergy ope = x

Mam Lme Length

15-10
Energy Slope = x 100 =3 %

160

• From FIgure 10 the desIgn mam!me mSIde dtarneter IS about 110 mm The
next larger avaIlable SIze ofpIpe should be used for field InstallatIOn

16
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System Operation
Module 1-9

MICRO IRRIGATION SYSTEMS

PIPELINE PROTECTION

[Supplemental]

1 INTRODUCTION

Air release and aIr & vacuum valves (generally one combmatIOn valve does both
actIons) are reqUIred to remove entrapped aIr when fillmg and operatmg the plpelme,
to allow the entry of aIr when the plpelme IS bemg drained after operatIons are
completed There are three reasons why aIr m pIpelInes IS undesIrable

• Flow restnctIOn AIr bubbles tend to collect at hIgh pomts ThIs aIr accumulatIOn
forms a restnctlon m the pIpe sunIlar to a partIally closed valve The mcreased
fhctIOn reduces the flow rate "HIgh" pomts do not need to be very hIgh
Gradual undulatIons on gently roilIng land are often the bIggest culpnts because
they tend to have many small hIgh pomts and are easIly neglected

• Surgmg Large air bubbles movmg In plpelmes WIll compress at low pomts (hIgh
pressure) and expand at hIgh pomts (low pressure locatIOns), causmg a surgmg
actIOn

• Sudden surgmg and dlslodgmg AIr bubbles whIch accumulate near hIgh pomts
may mcrease In SIze untIl the tangentIal force of the movmg water causes them to
suddenly move downstream ThIs results m large pressure surges

Pressure rehefvalves need to be mstalled m a pipelme to prevent pIpe damage caused
by pressure surges Pressure relIef and arr valves msure safe and effiCIent operatIOn
of the system WIthout these deVIces, the pIpelIne may not only operate mefficlently,
raIsmg operatIon costs, It IS subject to failure

2 PIPELINE PROTECTION DEVICES

2 1 AIr release, aIr & vacuum, and combmatIOn valves

AIr release valves (ARV) are used to remove small pockets of aIr that collect at
lugh pomts m the plpelme ThIs aIr can be pIcked up WIth water at a pump
mtake or nux WIth the water at a graVIty wet structure (such as Tel AI-Thahab
Weu) If aIr IS not removed from the pIpelIne, It reduces the carrymg capaCIty
of the plpelme by restrIctmg the dIameter of the flow path aVailable for water
passage RestnctIng the flow path reqUIres the pump to operate at hIgher heads
to supply the reqwred flow, mcreasmg energy costs AIr pockets m a pIpelme
can also mcrease the damagmg effects ofwater hammer and pressure surges

Au & vacuum valves (AVV) are used to effiCIently remove the large volume of
aIr m a pIpelme when It IS InItIally filled They also admIt the large volume of
au needed to prevent collapse of the lme when It IS emptIed of water Air &
vacuum valves are not swtable for removmg the small pockets of air that
accumulate durmg pIpelIne operatIon

Combmatlon aIr valves (CAV) allow the effiCIent entry and eXIt of large aIr
volumes to the pIpe These valves also have a small onfice to release aIr
accumulated m small pockets durmg operatIon

1
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2 I I Valve operatIOn

• AIr release valves are mstalled on lugh pomts In the system Dunng
system operatIOn, small partIcles ofarr WIll separate from the water and
enter the valve Each partIcle of aIr wIll dIsplace an equal amount of
the water WIthm the valve and lower the lIqUId level relatIve to the
float When the water level lowers to a pomt where the float IS no
longer buoyant, the float WIll drop Thts actIOn opens the valve ontice

and allows the arr that has accumulated In the upper portIon of the
valve to be released to the atmosphere As air IS released, the water
level WIthtn the valve once agam nses, hftmg the float and closmg the
valve ontice TIns cycle repeats Itselfas often as ail" accumulates In the
valve ARV are not recommended for vacuum protectIon nor to vent
large volumes of atr when filltng large dIameter pipelmes because they
have small onfices, usually less than 12 mm FIgure I shows the
desIgn ofsuch a valve

FIgure I A compound lever aIr release valve

• AIr & vacuum valves are mstalled on each htgh pomt In the system or
changes In grade TypICal AVV have a large dIscharge onfice equal In
SIZe to the valve's Inlet As the pIpelme fills mr IS exhausted to the
atmosphere As arr leaves the pIpehne, water WIll enter the valve and
11ft the float to close the valve onfice The rate aIr IS exhausted IS a
functIon of pressure dIfferentIal, wluch develops as water fills the
pipelme, compresses the aIr giVIng It an escape velocIty equal to that of
the mcommg water Any tIme dunng operatIOn, should mternal
pressure of the pIpelIne approach a negatIve value, due to column
separatIon, drmrung of the pIpelIne, power outage or pIpelIne break,
the float Will ImmedIately drop away from the onfice and allow aIr to
re-enter the pipehne AIr re-entry dunng water column separatIon Will
prevent a vacuum protectIng the pIpelme agaInst collapse

Dunng system operatIOn and whIle under pressure, small amounts of
mr WIll enter the AVV from the pIpelIne and dIsplace water
Eventually, the entIre valve may fiU WIth aIr, but It wIll not open

2
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because the system pressure wIll contmue to hold the float closed
agamst the valve on:tice The AVV IS mtended to exhaust air durmg
plpelme fillmg and to admit Glr durmg plpelme dramage It will not
open and vent air as It accumulates durmg pIpe/me oPeratIOn FIgure
2 shows the constructIOn ofa typIcal AVV

• CombmatiOn aIr valves have operatmg features of both ARV and
AW These valves are mstalled on all htgh pomts ofa system where It
has been determmed both ARV and AVV are needed to vent and
protect the system Generally a CAV IS used mstead of an AW A
CAV IS depicted m Figure 3 The separate parts of the CAV operate
as descnbed for the ARV and AVV

FIgure 2 A typICal aIr & vacuum valve

FIgure 3 TypIcal smgle body combmatlon air release and air &
vacuum valve

3
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2 1 2 Valve placement

• AW or CAV should be mstalled at hIgh pomts m the phySical layout
of the plpehne and at hIgh pomts along the hydrauhc gradient
Together with ARV, or more commonly CAY, they should also be
mstalled at the ends and mtermedlate pomts along the length of
plpehne whIch IS parallel to the hydrauhc grade hne It IS recommended
that CAV be placed every 0 5 to 1 0 km along descendmg pipehne
sections, especially at pomts where the decreaSIng plpelme grade IS
steep

• Air may be released from solutIOn If there IS adequate drop In pressure
Such conditIOns may occur along maInlIne whIch nses In elevation or
where velOCity IS mcreased through a flow restnction such as a
partially closed valve ThIs aIr should be bled off by appropnately
placed ARV to aVOId blockage of the plpehne ARV are therefore
required along all ascendIng lengths of plpelme, particularly at POInts
where there IS a decrease mthe upward gradIent

• Other reasonable pomts ofARV placement are on the discharge SIde of
pumps, at hIgh POInts on large flow control valves, and upstream of
onfice plates and reducmg tapers If they are located In relatively hIgh
velOCity flow stream

2 13 Valve SIZIng

• Air release valve onfices are SIZed based on the ventmg capacity
reqUIred and the system operatIng pressure The mmunum venting
capacity IS taken as 2% of the pipehne flow capaCIty and can be
calculated from

Flow Capacity
ARV capacity = 50

where ARV capacity IS Ips and flow capacity IS also In Ips

Example A pIpelIne actual flow capacity IS 12 lis at 4 bar The
amount ofarr to be vented from the plpehne IS

12
ARV capacIty =50 =0 24 Ips

The size of the ARV ontice reqUIred, 0 79 nun, IS read from the graph
In FIgure 4 The selected ARV ontice IS slIghtly oversized

• AIr & vacuum valves use a slIghtly different approach to SlZlfig For
pipelInes beIng filled by a pump use the flow capacity from the pump as
the reqUIred capacity needed for the AW If the lIne IS bemg filled or
draIned by graVIty use

AVV capacity =0014321 x~SDs

4
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1 Internal pressures of 550 to 2170 kPa
2 Internal pressures of 545 kPa or less

Orifice SIZes, rom (mch)

1/ /
VII // /:V

;' ;' ,
/ / /

/ / // / /11 / /

1/ 1/ / / V/ /

--
/ / I

/ / I 1/ /

I I II. 1/ 1/ /I

I

I

103

69

014

:; 34.5
.CI

or
;>-

~ 13.8...
e 69
u
01

~ 345
=
~

~ 1.38
"C..
:; 069...
~
Q::0.34

High Pressure Lmes· Low Pressure Lmes2

102 13 152 or less 51
127~ 203 25 178~ 254 76
254~ 500 51 305 or Jarger 102

where S = slope, m/m, D = pIpe dIameter, cm, and AVV capacIty =
m3/mm Use the hIghest reqUIred flow capacity for the valve, eIther
fillIng or draining Use 345 kPa as the maXImum pressure allowed
durmg drammg and 13 8 kPa as the maxImum pressure allowed
durmg filhng Enter the graph given 10 FIgure 5 to find the reqUired
onfice size

007
ODS 009 0.24 047 0.94 2.36 472 944 23 6 47.2 944 236 472 944 2360
(0 1) (0.2) (0.5) (1) (2) (5) (10) (20) (SO) (100) (200) (SOD) (1000) (5000)

Ventmg capacIty, bters per second (rt'/mm)

FIgure 4 VentIng capacIty graph for air release valves

• The combm3tlOn valves are sIzed by usmg the ontice values found for
the ARV and AVV valves

Table 1 Munmum dIameter of the vent or port for AVV for lugh and low
pressure plpehnes

Pipe diameter Outlet diameter Pipe dIameter Outlet dIameter
mm mm mm mID

• Another approach to SlZlOg AVV IS by the dIameter of the pIpelIne
The ratIO of AVV vent diameter to plpelme diameter for hIgh pressure
systems should be 0 I or greater that IS, valve diameter should be 2: 10
percent of the plpehne dIameter Table I mdlcates nununum
recommended valve smng for hIgh and low pressure systems

•
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I
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I
11
I
I

•
11
E
I
E



6

2 2 Pressure surge protectIOn

• The need to protect pipehnes from surge pressures that develop dunng
sudden valve closure has been descnbed m the section on water hammer
An mverse condItIOn eXists Ifa pump IS suddenly shut off In thIs case the
flow stops and the sudden deceleration of the water column causes a
pressure drop at the pomt ofpump discharge ThIs negative pressure surge
moves along the plpehne The sudden pressure drop may cause
vaponzatlOn, pipehne collapse, or mducnon of atr at atmosphenc pressure
mto the pipehne through an AVV or CAV

• HIgh pressure surges can be controlled through mstallatlon of pressure
rehef valves at those pomts m a pIpehne where It IS antIcipated pressure
waves wIll be generated or reflected Typical mstallatlon pomts are
between the pump and the first valve on the dIscharge Ime and at the end of
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(05)
085

(4)
102

(1)
17

1.3 Valve SIZe, em
(Yz) (mch)

(2)
51

25
(1)

(1)
25

51
(2)

102
(4)

15.2
(6)

(lOch) (Yz)
Valve SIZe, cm 1 3

Air mflow thru valve, mJ/mm (ff/sec)

(200) (100) (50) (20) (10) (5) (2)
340 170 85 34 17 8.5 34

0.34 085 1 7 34 8.5 17 34 85 170 340
(0 2) I (0.5) (1) (2) (5) (10) (20) (50) (100) (200)

AIr outflow tbru valve, mJ/mm (ft3/sec)
Q

The curves are actual flow capacItIes at one bar atmosphenc pressure and 21 C
temperature base on the actual test These curves are not merely flow capaCIties
across the onfice, but flow capacities across the entIre valve

Figure 5 Performance graph for arr & vacuum valves
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the pipelIne Relatively simple valves of thIs type sUitable for dlstnbutlon
systems on-farm operate usmg a spnng-loaded discharge valve, Figure 6

Under normal operating pressures the valve remaIns m the closed position
If water hammer causes a pressure surge m the lIne, the excess pressure
depresses the spnng thereby opemng the valve and causmg water to be
discharged from the hne The result IS that the magmtude of the pressure
surge IS conSiderably reduced and the reflected shock wave does not
damage the pipelIne The level of pressure at winch the valve WIll be
actIvated can be preset by the manufacturer or set In the field to correspond
to the operatmg pressure of a particular system

Figure 6 A typical spnng loaded pressure rehefvalve

2 2 1 Low Pressure PipelInes

Pressure rehef valves shall be large enough to pass the full pump
discharge with a pipelIne pressure no greater than 50% above the
permtsslble working head ofthe pipe

2 2 2 HIgh Pressure Plpelmes

The ratIo ofnommal sIZe pressure relIef valve to pipelIne dIameter shall
be no less than 0 25 Pressure relIef valves shall be set to open at a
pressure no greater than 34 5 kPa above the pressure ratmg of the pipe
or the lowest pressure rated component in the system

The opposite problem IS encountered when sudden down surges m pressure
are caused by pumps stoppmg The objective of pipelIne protection in tills
case IS to reduce the magmtude ofthe down surge so that the reflected high
pressure wave IS also reduced The most common method of IImltmg down
surge IS to feed water mto the pipelIne as soon as the pressure drops
Different methods of accomplishIng thIs objective are applicable dependmg
on the operatmg pressure of the system and antICIpated magmtude of the
pressure surge
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