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PROBLEMS TO AVOID WITH DRIP/TRICKLE IRRIGATION SYSTEMS

Dale A. Bucks and Francis §. Nakayama*

ABSTRACT: Drip irrigation systems must be tallored to specific field
and water conditions before specific problems can be minimized by
proper design, installation, maintenance, and management. Problems to
avoid are discussed, and twenty-eight suggestions are made for improv-
ing drip systems.

INTRODUCTION

Drip/trickle irrigation is the slow, precise application of water
through emitters placed on a lateral plastic line located near the
plant. Potential advantages over other irrigation methods include
increased beneficial use of available water, enhanced plant growth and
yield, improved fertilizer applications, and improved cultural prac-
tices. Potential disadvantages include continuous maintenance
requirements, salt accumulation near plants, restricted plant root
development, and high initial costs (6).

Significant advances have been made in drip irrigation operation
Most of the earlier manufacturing problems
have been corrected, and numerous equipment improvements have been
developed so that drip irrigation has gained wide acceptance. In this
paper, we will discuss the more important suggestions for the contin-
ued improvement of drip irrigation systems in terms of three principle
factors--design, maintenance, and management.

DESIGN AND INSTALLATION

The main goal when designing a drip system is to insure an accep—
table uniformity of water and fertilizer application throughout the
field. The designer of a drip system must consider the emitter type,
drip emitters, hydraulics, topography, desired water distribution uni-
formity, crop salt tolerance and water requirements, water quality,
fertilizer injection, soil salinity, cultural practice, and other
site-specific variables.
variations

Hydraulically induced pressure along a drip line

(main, submain, or lateral) are caused by pipeline friction losses,
fitring losses, and elevation changes. Emitter discharge rate,
spacing, and number per plant will also affect the pipeline

hydraulics; however, procedures and details are available for the
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proper sizing of drip lines (1, 13, 15). Design charts for different
field slopes, shapes, and pipe sizes by Wu, et al. (21) are par-
ticularly useful. One basic item that is often overlooked is that
lateral lines should run on the flat, downhill, or along the contour.
Water and fertilizer distribution uniformity is a function not only of
hydraulic variation, but also of emitter performance. Variations in
emitter flow rate at a given pressure can be caused by manufacturing
differences, clogging, water temperature fluctuations, and aging or
wear. Uniformity can be greatly reduced even when 5 percent of the
emitters are completely clogged (17); and further, the wvariability
caused by manufacturing and clogging could be larger than hydraulic
variation (3). Emitter wvariation can also be greatly increased with
the length of operation (6). Because of these results, we recommend
that lateral lines with inside diameters of 13.2 or 15.2 mm (0.52 or
.60 1in) not be designed longer than 150 m (500 ft) for tree and
vineyard crops and 200 m (660 ft) for row crops, subject to further
hydraulic limitations. Submain lines should then be limited to 200 m
(660 ft) or less and in some cases 100 m (330 ft) to maintain water
distribution uniformity and still provide a convenient subunit size.
Two-to-four hectare (5-to-10-acre) subunits are adequate for manage—
ment purposes and should not interfere with farming practices.

Drip design must also consider the peak water use of the crop so
that the application rate per unit area or system capacity can meet
such a demand. This {is particularly essential where irrigation pro-
vides the major or. only source of water to the crop. Methods for
estimating peak evapotranspiration (ET) or consumptive water use from
meteorological data are available from various sources (8, 9, 10, 14).
We then recommend that the system have the capacity to deliver the
peak water use in 90 percent of the time available, or not more than
about 22 hours of operation per day, to allow for possible shutdown
periods caused by power failure or equipment breakdown.

Another important design consideration is water quality, for two
reasons——suitability for crop production and requirements for system
maintenance. Water quality for crop production is normally based on
three criteria: (1) salinity, the general effects of dissolved salts
or crop growth associated with osmotic stress, (2) sodicity, the
effect of an excessive proportion of sodium that causes a deteriora-
tion of soil structure, and (3) toxicity, the effects of specific
solutes that damage plant tissue or cause an imbalance in plant nutri-
tion. Surface drip systems are preferred to subsurface drip systems
where salinity is a hazard. The continuous upward movement from a
subsurface system results in rapid salt accumulation near the soil
surface as water is lost by evapotranspiration. Subsurface systems do
not provide the means for removing the accumulated salt unless the
soil can be leached by rainfall or other irrigation methods. Where
salinity is not a real problem, subsurface drip irrigation offers
excellent potential for consecutive or multiple cropping of small
fruit and vegetable crops (7).

The type of practices rdeeded to prevent clogging depends on both
water quality and drip emitter design. All drip irrigation systems
require some type of water fi.itratiom system. A tentative guide for
the selection of a filtration unit based on flow range and suspended

Table 1.
materials 1is presented in
units should be designed with at

Pump sizes
reserve operating pressure an
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As a general rule, filtration
least 20 percent extra capacity.

ide some
reased accordingly to prov
e e j(iim:.-:.apa.ci.l:.y for backwashing filters and

flushing drip lines.

ltra-
ble 1 Tentative guide for gelecting an appropriate type of fi
e tion system with drip irrigation systems.

Type of Filter

Type of Problem
Cartridge Screen | Centrifugal M?g;a
(¢5) (2) (3 (4)

Flow range S c
Low, <22.7 w/h 'Rii{ i & &
Med., 22.7-113.6 m /h NR2/ : g :
High, >113.6 m3/h NR

Inorganics a/ 55 010[9_}
Large particles, oke/ RX&

3550 1 (30 mesh) - . .
Med. particles, oK

74-550 w (30-200

mesh) - =
Small particles, OK NR

<74 p (200 mesh) § B a
Low concentrations, 0K

<10 mg/ & y ;
Med. conceuntrations, NR RX

10-100 mg/ & " i
High concentrations, NR RX

>100 mg/ &

Organics - 3

Low concentrations, oK 0K

<10 mgl 2 - -
High concentrations, NR NR

>10 mg/ 4

R=Suitable filtration units are available.

ions.
—Not recommended in most situat .
gi=s:itable filtration units are available, but may not be idea

RX=Recommend that two types of filtration units be used in series.
OKX=Recommend that pre-screening be used.

lejelolie

ide for flushing mains, submains, and
‘-Disilg;::;s. Shiﬂd li;‘;asysnep:; vto be thoroughly flushed imm:dti;eoléi
1?;:;‘3 installation, and mains and submains should be ﬂuShi hane
iéterals are connected. Whenever possible, emitters sif\ould :tgms =
£ the tubing for both surface and subsurface syB R

el 48 oended materials from entering the emitters. ac! .
preventi susgevices should also be installed to prevent contaminat ;n
E;evﬁgz:zources. For drip systems located on undulating terrain, air
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and/or vacwum relief valves sho
uld be installed at the cont
(pumps, Filters, time clocks, ete.) as well as at the hig:ezzlpzfztion

A chemical injector and water meter should also b
a 1
::fg::paiis{fn. Ewo chemical injection points should be :::§;Zidffz::
s chemicalne T ter the main filter. This optional feature allows
i solutlon to by-pass the filter when filtering s noL
sa:d ﬁ;&{ﬁl f;ilps Lo prevent corroslon of valves, filter scréens and
i e ¥, teri{ In all cases, the injection 1line shoula be
e osi:tsmadl in-1line hose filter or screen. TInjection points
ers occurspbefo}:n?lozodiki;e:d::u:::ezirigf b :he - e fertlliz;
tance of having a water measurement d:vicerECt i L ret
often been overlooked. A wat & i i Gl
designs, to monitor maiutenanceerpt:lill::rzs isan[c‘lee:oedmaio o e
irrigations (6). ’ RRE TR Wl

A listing of_key design and installation suggestions follows:

1. Lateral iines should ru
s el n on the flat, downhill, or along the
2. tztizzi ii:islgg 13]££;}5—mm (0.5-to-0.6-1in) diameter should
m ft) for t
5 éezs than 200 m (660 ft) for row crE?Z ik e
. ubmain length should not be mor :
y some cases 100 m (330 ft), * AR TR 080 1) ol
+ System cabacit must
i y meet peak crop evapotranspiration
5+ TFiltration units must m
; eet flow capacity and water 1
6. Flushing valves should be installed at the ends 2:? itf'
) submains, and lateral lines. N
+ Emitters should f
ol ace upward along lateral 1lines whenever
8. A backflow prevention d
9 o e evice should be installed after the
« Alr or vacuum relief valves sh
e : ould be installed where .
0 Chemical injection points should he provided before :eeged
the main filter. L
11. A water meter should be included in the design.

MAINTENANCE

The primary goal of a maintenance schedule
:igggiﬁiezzlzssure an economical life for a dri;ss::t::?trzlm:?izzzf
A thSical_-:;ries with water quality, depending on three factors:
iy e e ﬁ?spended inorganic (sand, silt, and clay) and
e calcid; 2r?n plaitic particles; (2) chemical--the precipita-
el M magnesium carbonate, caleium sulfate, heavy metal
iy }1lam inme fertilizers; and (3) biological--the bacterial
tative water c1;§;ffiggfﬁif};zﬁiéniirzxfal_i?e?}is} e AR
own in Table 2
:?:::cal,d chemical, and biological factors are rate:hﬁaf Zgiuﬂfj::
s Moderate, or severe maintenance requirements
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Table 2. Simplified classification system for indlcating maintenance
requirements with drip irrigation systems (4).

Type of problem Minor Moderate Severe
(1) (2) (3) (4)
Physical
Suspended solids, mg/f 50 50-100 »100
Chemical
pH 7.0 7.0-8.0 >8.0
Dissolved solids, mg/ % 500 500-2,000 >2,000
Manganese, mg/ % 0.1 0.1-1.5 >1.5
Total iron, mg/ % 0.2 0.2-1.5 »1.5
Hydrogen sulfide, mg/2 0.2 0.2-2.0 >2.0
Biological
Bacterial populations, 10,000 10,000-50,000 >50,000
counts/m#

Preventive maintenance includes water filtration, field inspec-
tion, pipeline flushing, and chemical water treatment. Filters should
be cleaned or backwashed, either automatically or manually, at least
weekly. Where filters require more than daily attention, an automatic
backflushing system should be added. Large variations in water qual-
ity can occur, and if a filtration unit requires cleaning every hour

or two, we recommend discontinuing operations until water quality

improves.

Systematic field inspection of emitters, pipelines, and accessory
equipment is required to detect malfunctions before they become major
failures. Chemical injectors, time clocks, pressure regulators, water
meters, and main pump should be checked at least weekly. Water meters
are useful for indicating pressure regulation problems, pipeline
leaks, or clogged emitters. By dividing the accumulated flow by the
operation time, the operator can determine the system flow rate. When
this rate changes more than 10 percent, the system should be thorough-
ly inspected (5). Even when no field problems are indicated, a
monthly field inspection should be made to check the emitters and drip

lines.

Pipeline flushing, either automatically or manually, can be help-
ful where irrigation water is high in silt, clay, or bioclogical resi-
dues (16, 19). Drip lateral lines should be flushed at least once
every six months for tree crops and at the beginning, middle, and end
of each season for row crops (5). A minimum flow wvelocity of 0.3
m/sec (1 ft/sec) is needed for flushing lateral lines (19).

Chemical water treatment is used when the chemical or biological
hazards are moderate or severe (Table 2). Sulfuric and hydrochloric
acid are commonly used to reduce chemical precipitation. With con-
tinuous acid treatment, carbonate precipitation can be prevented; and
further, if precipitation has already started, carbonates can be dis-
solved, assuming that the acid-treated water can make contact with the
precipitated material. The amount of acid addition needed to lower
the pH is based on the acid titration of the water. For waters having
a pH above 7.5, we generally recommend a final pH of 6 to 6.5. i
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Chlorination is often used to control biological problems in drip
systems. The application principles of chlorination for drip irriga-
tion is similar to that used in municipal, swimming pool, cooling
tower, and wastewater treatment. The three basic chlorine sources are
sodium hypochlorite (a 1liquid), calcium hypochlorite (a solid or
powder), and chlorine gas. Since both sodium and calcium hypochlorite
have an alkaline reaction with water, an acid may need to be added if
the water is already alkaline. Chlorine gas, on the other hand, pro-
duces an acid reaction with water so that acid additions may not be
necessary; but the extent of pH lowering will depend upon the amount
of chlorine gas added and the buffering capacity of the water. Test
kits are available to specifically measure "free residual chlorine”
which is the primary bactericidal agent. Most pathogenic bacteria and
viruses are inactivated at a free residual chlorine concentration of
about 1 mg/ 4% with contact time of 10 to 30 minutes.

Acids and chlorine compounds should be stored separately, pref-
erably in plastic or fiberglass storage tanks. All chemicals, and
diluted solutions as well, should be stored in a secure place. 1In
preparing dilutions, concentrated stock of acid or other chemicals
should be added to the water and not vice-versa. A convenient water
source should be provided near the chemical tank and injector for
washing off any chemicals that may contact the skin. Protective
goggles, face shields, and clothing should also be worn when making
chemical dilutions. Where gas chlorinators are used, safety devices
should be installed and routinely inspected for proper operation.

A summary of maintenance requirements follows:

1. TFilters should be cleaned or backwashed at least two or three
times per week and inspected at least weekly. '

2. Automatic ilushing devices should be used where the water is
high in silt and clay.

3. Chemical injectors, time clocks, pressure regulators, water
meters, and main pump should be checked at least weekly.

4. Field inspections for malfunctioning emitters and pipeline
leaks will be required at least monthly (sometimes weekly).

5. Flush lateral lines by hand every six months for tree crops,
or at least three times per season for row Crops.

6. Chemical water treatment is needed when the chemical or bio-
logical hazards are moderate or severe.

7. Inject only approved or tested chemicals.
system.

8. Follow safety requirements for injecting chemicals.

MANAGEMENT

The purpose of a total management scheme is to insure optimum
Crop response. Water meters for checking application and system
operation should be read at least two or three times a week. Drip
systems can be readily automated to save labor by using single and
multi-station timers or controllers plus related solenoid valves to
turn the water on or off. Future drip systems will involve micropro-
cessors that can monitor not only soil moisture, but also hydraulic
pressure, flow rate, chemical injection rate, water quality, and
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climatic conditions. Records of water application amounts and times
should be kept to insure maximum efficiency from the system.

A decrease in the irrigation water requirement or increase in
crop yield from drip compared with another method will come from an
improvement in the on—farm irrigation efficlency. On-farm efficiency
refers to the ratio of the irrigation water requirement to the total
quantity of water delivered to the field (expressed as a percentage).
On-farm efficiency for drip irrigation can theoretically approach
90-95 percent. The irrigation water requirement is the net amount of
water that can be supplied by irrigation to satisfy crop ET, leaching
of salts, and miscellaneous water requirements that are not provided
by water storage in the soil or by precipitation that enters the soil
(14). Some of the miscellancous water requirements include essential
watering for germination and emergence, frost protection, wind erosion
protection, plant cooling, and maintenance of harvest quality. Since
a drip system lends itself to the application of small quantities of
water, minimal water applications can be made to provide for these
miscellaneous water requirements. In our opinion, however, many
groweérs have under—-applied water so that adequate soil water storage
is not available prior to the peak ET rate. Once water applications
fall behind plant use, a drip system may not have the capacity to re=
plenish the soil moisture deficit. Therefore, a grower should check
the soil water penetration and storage regularly, particularly during
the mid-season crop development stages.

Irrigation scheduling involves two decisions: (1) how much to
apply, and (2) how often to apply. We have conducted investigations
on six crops to help answer these questions. Where both irrigation
amount and frequency were varied, the highest production with drip
irrigation occurred at seasonal water applications nearly equal to or
slightly greater than measured ET under furrow irrigation (6). We
have also found that water applications do not have to be made daily
over the entire growing season nor for every cropping situation (6).
Possible reasons for applying drip irrigations on other than a daily
schedule include the need for sufficient water penetration with a
deep-rooted crop, improving aeration in the effective crop root zone
on a fine-textured soil, and moving salts further away from the plant.
Although the optimum irrigation frequency will depend on the type of
crop, soil, and water quality, a manager has the flexibility of being
able to apply daily drip irrigations during the hotter months and to
decrease to a weekly schedule. On the other hand, frequent trickle
irrigations can be particularly beneficial during germination for most
water qualities and during the peak development of the crop for high
salinity waters (2, 12, 20).

Fertilizers and other water amendments (herbicides, insecticides,
fungicides, etc.) applied through drip systems can also improve
efficiency, save labor, and increase flexibility in schedulingof applica—
tions to fit crop needs. Crop response to fertilizer applications by
the drip method has been excellent, but limited information is avail-
able on the drip application of herbicides, 1insecticides, or fungi-
cides. Some growers have overlooked the fact that fertilizer
applications may need to be frequent, either weekly or bi-weekly, to
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insure that adequate nutrients are in the plant root zone during all
stages of plant growth.

Methods for improving cultural practices to match the drip irri-
gation concept have not been fully explored. More hedge plantings for
tree crops, higher or variable plant populations for row crops, and
increased use of natural or synthetic mulches with drip systems on
conventional crops are examples of possible practices to be tested.
In some cases, equipment has been developed for mechanized installa-
tion and retrieval of drip systems; minimum tillage is being tried
with drip systems; and continuous cultural operations such as
spraying, weeding, thinning, and harvesting are possible without
interrupting the drip irrigation cycle.

A listing of the key management suggestions follows:

1. Water measurement is an important tool in irrigation schedu-

ling. 2

2. Automation can save labor in the application of water and
fertilizer.

3. Soil water penetration and storage should be checked regu-
larly.

4. VUse as many field measurements as possible to assist in irri-
gation scheduling.

5. Irrigation water applications should closely match the crop
evapotranspiration rate.

6. Irrigation frequency can be flexible for many seil, water,
crop conditions.

7. More frequent irrigations can be helpful with salinity man-
agement.

8. Fertilizer applications will need to be weekly or biweekly
during the early stages of plant growth.

9. Cultural practices will need to be modified where drip sys—
tems are used.

SUMMARY

Drip/trickle irrigation use on various crops continues to expand;
however, before success can be assured, potential problems must be
recognized and reduced by proper design, installation, maintenance,
and management. Design and installation can be improved by shortening
lengths of lateral lines, by providing system capacity to meet peak
evapotranspiration rates, and by selecting the correct filtration
unit. Preventive maintenance can be enhanced by following guidelines
for water filtration, pipeline flushing, field inspection, and chemi-
cal water treatment. Management can be simplified by taking water
application measurements, by monitoring soil, plant, and atmospheric
conditions, and by matching cultural practices to the drip irrigation

operation.
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Augmentation of Groundwater Resources
by Effluents Injection into saline Aguifers

Hillel Rubin, M. ASCE and Arieh Pistiner!

ABSTRACT: This study concerns the development of simulation methods

for effluents injection into saline aquifers. A simplified model of

the aquifer is considered being consisting of saline layer on top of
which a layer saturated with fresh water is located. The latter is sub-
;ect to growth due to the effluents injection. Between the saline and
%resh water zones a transition zone, similar to a boundary layer, de-
velops. In this study finite difference iterative schemes are developed
and used for the simulation of various alternatives for the management
of groundwater system. The methods of simulation suggested in this study
predict variations in the salinity distribution as well as build-up of
pressures in the aquifer. They are subject to strict criteria of accu-
racy and convergence created by the basic laws of conservation. These
methods are found to be very stable, with very good convergence and con-
sume small quantities of computer time and memory.

INTRODUCTION

Various publications (e.g. Refs.2,3 and 4) consider the possibi-
1ities of treated effluents injection into saline aquifers. In certain
cases the injected effluents can be considered as possible groundwater
resources being useful in the future. Effluents injection is aiso con-
sidered for the reclamation of aquifers subject to salinization pro-
cesses due to intensive utilization. The objective of this study is to
develop simplified numerical models by which all physical phenomena
taking place in the aquifer due to effluents injection can be simulated.
For the simulation we refer to an aquifer originally consisting of two
layers, of which the deeper one is saturated with saline water, the
other one is saturated with fresh water. The latter expands due to the
effluents injection, Between the saline and fresh water zones a trans-
ition zone similar to a boundary layer develops (Refs. 7,8 )«

BASIC EQUATIONS AND STATEMENT OF THE PROBLEM

The basic equations being used for the simulation of the strati-
fied flow created in the aquifer are the equations of continuity, mo-
tion, solute transport, and the equation of state represented respe-
ctively as follows:

gd+2=o (1)

w-pg+EG=0 (2)

1 Associate Professor, and Graduate Student respectively, Department
of Civil Engrg. Technion, Haifa 32000, Israel.
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