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ABSTRACT

Bucks, 1) A., Nakayama, F.8. and Gilbert, R.G., 1878, Trickle irrigation water quality and
preventive maintenance, Agric. Water Manage., 2: 145—162.

The most serious problem in trickle irrigation is clogging of emitters or applicalors.
Recommendations and guidelines are presented for preveniive maintenance which in-
clude water {iltration, chemical treatment, pipeline flushing, and field inspection. A suit-
able type, size, and capacity of a filtration unit is required. Chemical ireatment should
be considered in terms of theory and field research on the reclamation and prevention
of emitter clogging, Proper procedures for the flushing and field inspection of trickle
irrigation systems are also essential. Because water quality is of primary importance in
the design and operation of this maintenance program, a tentative water-classification
system was developed to establish eriteria by evaluating the clogging potenha} of a trickle
irrigation water source,

INTRODUCTION

Trickie/drip irrigation is a means of applying water efficiently to plants.
Emitter clogging can become a major problem with many systems unless
correct preventive measures are taken. Clogzing will adversely affect the
rate of water application and uniformity of water distribution, and increase
operating costs, as it becomes necessary to check, replace, or reclaim bad
emitters. However, the greatest loss can be the grower’s confidence with
the trickle irrigation method. When his confidence is lost, lie may abandon
trickle irrigation and return to his previous irrigation method.

Trickle irrigation researchers and equipment manufacturers have chosen
two approaches to solve the clogging problem. The first is to develop emit- .
ter devices which may require less or minimum maintenance (Wilson, 1972;
Solomeon, 1977). A second approach, which is the subject of this paper,
is to focus attention on improving the quality of water before it reaches the
emitters (Ford and Tucker, 1974; McElhoe and Hilton, 1974; Ford, 1976;
Bucks et al., 1977; Nakayama et al., 1978).
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For the purpose of our discussion, a trickle system has the following flow
characteristics: discharge rates from single point-source emitters of less than
12 1/h, and line-source emitters of less than 121 h=? m™! of lateral line. Pre-
ventive maintenance will include filtration, chemieal treatment, flushing
trickle lines, and field inspection.

WATER QUALITY

Primary physical, chemical, and biological contributions to trickle irriga-

“tion clogging are summarized in Table I. {1} Physical: suspended inorganic
silt-, sand-, and clay-size particles, and organic plant, animal, and bacterial
debris, can block or accumulate enough to clog the emitters. (2} Chemical:
dissolved chemicals in the water, like calcium carbonate and ealcium sulfate
at high concentrations, can precipitate out and eventually form encrustations
that will restrict water movement. Similar situations can occur when metal
hydroxides or sulfides of ivon and manganese precipitate out. Some types
of fertilizers can react directly with the dissolved material in the water to
increase precipitation. (3) Biclogical: microbial activity can produce slime,
filaments, and chemical deposits that can clog emitter passages. These con-
tributors ave closely interrelated, and controlling one may also alleviate pro-
blems caused by the other. For example, by reducing microbial slime, there
is less tendency for the suspended particles in the water to stick on to the
slime and agglomerate and build up in the trickle lines and emitters. In add-
ition, some small aquatic organisms such as snail eggs and lavva, that are not
readily observed and analyzed, can develop into large entities in the trickle
lines and impose a combined physical and bivlogical problem.

Presently, there is no proven practical method that will determine whether
the user will encounter clogging problems, and, if so, how much and what
can be done about it. Generally, municipal waters that have been filtered
and chlorinated for controlling disexse-causing bacteria are the least trouble-
some, but treatment of agricultural water to this quality can be impractical
and uneconomical. :

Table II shows a water-guality classification system that we used to eva-
luate surface irvigation water for trickle systems. The numerical ratings se-
lected for the physical, chemical, and biological composition were arbitrary,
but it gave us a hasis for comparing different types of water. With further .
research, the classification will undoubtedly be improved. Each of the three
factors is given a rating of zero to 10. A combined value of “0—0—0" for
the water is considered excellent, whereas one of “10~10~10" is poor.
Alternately, if the sum of the three factors totals 10 or less, little problem is
anticipated, whereas 10 Lo 20 indicates some problem and 20 to 30 is a
severe problem. For the latter two situations, water filtration plus other pre-
ventive measures are supgested.

By using such a scheme, we have classified several types of water used in
our trickle irrigation studies (Table I11). Except for the city water, other
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TABLE I§

System for classifying irrigation waters used in trickle systems

Arbitrary . Physical Chemical* {max. mg/l Biological

rating
Suspended Dissolved** Iron andfor Bacterin***
solids, solids manganease populations
(mazx, mgfl) {max. no./mi)

0 < 10 < 100 < 0.1 < 106

1 20 2090 0.2 1000

2 30 300 0.3 2000

3 40 400 . G4 3000

4 a1t 500 0.5 4000

5 60 . G600 0.6 5000

& 80 800 0.7 10000

7 100 1000 . 0.8 20000

B 120 1200 0.9 30000

9 140 1400 1.0 40000

10 >160 >1500 > 1.1 >50000

*Tentative chemical elassification is based on the highest rating for either dissolved salids,
soluble iron, or manganese.

**I0 water pH is 7.5 or greater, rating is increased by 2,

*¥* 10 water is known to contain an abundant reproductive srail population, rating is
increased by 4. Bacteria populations do reflect increased algae and microbial nutrients.

rrigation waters require more than minimum water treatment including
filtration. Water source No. 2 with its high suspended load.needed special
water filtration. This was not initially chemically treated; and aiter 2 Vears
of operation, chemical treatment was required to veclaim and prevent fur-
ther clogging (Nakayama et al., 1977). Water sources No. 8 and No. 4 were
used with various filtration and chemical treatments in which the clogging
process is being closely monitored {(Bucks et al., 1977; Nakayama et al.,
1978). :

The timing of waler sampling is important, particularly in situations where
there are lurge fluctuations in water quality during the irrigation cycle. Water
quality may be classified gnod at some and poor at other times of the year,

FILTRATION

A good [iltration system is an essential component of a trickle system.
Filters remove unwanted physical contaminants, which include suspended
or undissolved organic and inorganic materials. Suitable filters include pres-
sure filters (screen, centrifugal, and medin, i.c., sand or gravel packs) and
gravity filters (primarily settling or sediment basins}). In selecting the type,
size, and capacity of the filtration units, the primary factors to be considered
are the initial water quality and emitter design.
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TABLE IV

Soil particle size equivalents in microns and screen mesh numbers

Soil particle size hlicrons Screen mesh number
Very coarse sand 10002000 18-10

Coarse sand 5001000 3518

Mudium sand - 250~500 60—35

Fine sand 100250 150—60

Very fine sand B0—100 270—160

Sitt 250 -

Clay < 2 -

Screen filters, made of metal, plastic, or synthetic-cloth and enclosed in a
special housing, are the simplest. Aquatic algae in the water tend to cause
screen blockage and can reduce the filtering capacity. Most manufacturers
recommend 100- or 200-mesh {150- or 7 S-micron) screen filter, with a few
recommending a coarse screen of 30 mesh {600 microns).

Media filters consist of fine gravel and sand of selected sizes placed in a
pressurized tank. Since media filters are not easily plugged by algae, they
tan remove relatively large amounts of suspended solids before clogging.
However, media filters can provide conditions favorable for increased bac-
terial growth. Media filters that are presently used will retain particle sizes
in the range of about 25 to 100 microns. Water flow through the filters
should not exceed 800 | min™ m™?of filtration swrface area, and the filtra-
tion media should be at least 45 em thick. Media filters can be followed by
a secondary filter or a rinse-away valve to prevent possible contaminants from
going beyond the sand filter during the backwashing process.

Sand separators, hydracyclones, or centrifugal filters remove suspended
particles that have a specific gravity heavier than water and that are larger
than 75 microns, but these filters are ineffective in removing most organic
solids. A sand separator ean eifectively remove a large amount of sand part-
icles and sometimes be installed on the suction side of the punp as a pre-
filter to reduce pump wear. .

Settling basins, ponds, or reservoirs can remove large volumes of sand
and silt; but unless these have protective covering, the water is exposed to’
windblown contamination and subject to algae growth that should be
controlled by commercially availuble algicides. Thus, these structures are
normally not used for water sources from wells.

As for size or degree of filtration, the designer and user are concerned
with the largest sized particles which will pass the filter. Table IV shows the
equivalent micron sizes and screen mesh numbers for various sizes of soi}
particles (Wilson, 1972). A 200-mesh screen, or a 75-micron cartridge, sand
and centrifugal filter, will filter out only a part of the very fine sand. An
analysis of the particle-size distribution for the materiuls in the unfiltered
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waler can help in determining the optimum degree of filtration. If, for ex-
ample, the particle-size distribution for suspended materials in water source
No. 3 was about 60% sand, 30% silt, and 10% clay, a 50-mesh screen should
remove less than 25% of the sediment, whereas a 200-mesh (7 5-micron)
screen would remove at least 50% of the sediment. Therefore, the latter .
choice would be better for most trickle systems using this water,

The emitter sensitivity to clogging should also be considered before choos-
ing a filtration system. When available, we should follow the recommenda-
tions of the trickle rigation manufacturers on the degree of filtration re-
quired. If this is not available, however, filtration at a size of onetenth the
diameter of the emitters’ smallest opening may be used. This is to prevent
the possibility for tha grouping or bridging of particles and the tendency of
inorganic particles to settle out or deposit in the emitter, :

The {ilter capacity (total surface areaj should be sufficiently large to per-
mit the rates] Aow of filter water without frequent cleaning of the filter,

The maximum recommended allowable pressure loss across the filter is about
69 kPa before filter cleaning is required. Automatic backwashing filters ave
available, but filters Lhat ave to be cleaned by hand showld not require more
tha:: daily maintenance. As a general rule, filtration units should be designed
with at least a 20 to 30% extra capacity, since water gualities may fluctuate
during the irrigation period, Pump sizes should also be increased according-
Iy ;0 provide some reserve operating pressure and capacity for backwashing
of diliers and flushing of trickle lines. ’

!

CIMEMICAL TREATMENT

l

Theory !

When irrigalion water have pH’s above 7.5 and high calcium or magnesium
contents or water hardness, calcium or magnesium carbonate can precipitate -
out either in the filter, tubing, or emitter. Adding acid to the water will lower
the pH and reduce’chiemical precipitates. Fig. 1 shows that about 0.4 meq/l
of sulfurie acid is needed to maintuin a pH of 7 for water source No. 3. Since
stock technical graile sulfuric acid contains 34 000 meq/l, about 1 | of sulfuric
acid is required for every 85 000 1 of water delivered by the trickle system.

The pH conlrol is also impartant for baeterial control. Pig. 2 shows that
hypochlorous acid, the active component in chiorination, is more abundant
at the lower pH values {White, 1972), which means that bacteria control is
more cffective at lower pl’s, However, lowering the water pH continuously
below 6.0 can cause corrosion problems. Alse, sodium hypochlorite (laundry
bleach) or calcium hypochlovite is alkaline and will increase the water'’s pH
(decrease acidity), necessita ting the addition of an acid source.

Chlorine gas, unlike calcium or sodium hypochlorite, has an acid reaction.
with water. The amount of acidity produced depends upon the water quality,
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Fig. 2. Relalionship between the amount of hypochlorous acid in solution and pi
{White, 1972).

the amount of chlorine added to the water, and whether the system is “closed”
or “open” to the atmosphere. With water source No. 2, 10 mg/l chlorine and

a “closed” system can decrease the pH from about 8.2 to 7.0. Thus, an add-
itional acid source is normally not needed along with gaseous chlorine.
Chlorination for bacteria control is not recommended when water has 0.4
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mg/l or more dissolved iron, because chemical reaction will form iron oxide
which can precipitate and cause blockages of emitters (Ford and Tucker,
1974).

Some of the altemative chemicals to control bacteria and algae are xylene
permanganate, ozone, quaternary ammonium salts, copper salts, acrolein,
hydrogen peroxide, bromine, and iodine. All these chemicals may not be for
practical use. Xylene and permanganate are too costly or may be toxic to
the plants. Ozone is a good bactericide but has no residual effect in the pipe-
lines. Quaternary ammonium salts also kill bacteria and even snails, but they
are expensive. Copper salts have been used widely as an algicide. Acrolein
is being used more in California and Florida, but it is difficult to handle,
and we do not know its chemical behavior on plants. Other bactericides, like
hydrogen peroxide, bromine, and iodine, have been reported fo be used, bhut
again these have not proven to be entirely satisfactory in normal field appli-
cations,

Reclamation

As noted earlier, untreated water source No. 2 caused plugging alier the
second year of operation. Manual flushable emitters were installed on a
manuagement study for table-grape production, as described by Bucks at al,
(1974). We found that these emitters could be reclaimed by treating the
systemn for about 24 h with high chlorine and acid (100 mg/l Cl at a pH of

TABLE V

Emitter low rates before and after reclamation by chemical treatment and flushing of
water source No. 2

Irrigation No. of Design Emitter flow rate {I/h)
unit emitters {law
(1/h) Before treatment* After treatment**

T1 72 3.8 2.2 3.6
™2 144 3.8 2.8 3.2
™3 144 a.8 2.7 3.7
T-4 144 3.8 1.8 3.6
-5 T2 3.8 2.1 3.3
-6 144 3.8 2.5 3.5
™7 144 3.8 3.1 3.5
™8 144 3.8 2.7 3.5
T8 T2 3.8 2.2 3.6
T-10 144 3.8 2,5 3.6
T-11 144 3.8 2.8 3.5
T12 144 3.8 2.6 3.5

* Average flow rate for 3 months of operation before {reatment.
** Averege flow rate for at least 22 manths of operation aftér treatment.



168

2). Twelve partially clogged, irrigation units were treated in this manner, and
the emitter flow rates were increased from as much as 50% to upproxirmately
90 to 95% of design, as shown in Table V (Nakayama et al., 1977). The ori-.
ginal slug treatment for reclamation was followed by continuous 1 mg/!
chlorine at a pH of 7, which helped to maintain the system operational for

3 years remaining in the investigation. -

Prevention

In January 1975, a long-term research study on the prevention of emitter
clogging by chemical treatment was initiated (Bucks et al., 1977; Nakayama
et al., 1978). Water source No. 3 was treated in six ways before being deli~
vered to eight different emiiter systems that were used to irrigate mature-
citrus trees. The treatments were: (A) screen filtration alone {50 mesh);

(B) screen filtration {50 mesh) and intermitient chlorine and acid; {(C) sand
(20 silica) and screen (200 mesh); (D) same as (C} plus intermittent chlorine
and acid; (E) same as (C) plus continuous chlorine and acid; and (F) same as
(C) plus continuous acid. The intermittent treatment {B) and (D) consisted
of 10 mg/l equivalent chlorine and sulfuric acid to adjust the water pH to

7; both were added only during the last hour of an irrigation cycle. The con-
tinuous treatment (£) was 1 mg/l ehlorine and acid at a pH of 7 for the en-
tire irrigation cycle, .

Fig. 3 shows that treatment {E) with continuous chlorine, acid, and sand
filtration maintained the cleanest lateral lines. Also, most of the emitter sys-

LEICREWLE FEN R R ]

Fig. 3. Effect of various water treatiments (water source No. 3) on material deposition in
latoral emitter line,
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tems have operated well under this treatment. There were differences in the
reliubility of the eight emitter systems, and several of them performed quite
satisfactorily with adequate filtration alone. However, for long-term opera-
tion, it seems that many of the emitter systems using a similar or lower qua-
lity water will require some chemical treatment.

Operation

No matter what chemical is used — fertilizer, insecticide, herbicide, acid,
or bactericide — the material should not damage any component of the trickle
system. Plastic manufacturers and distributors have put out compatibility
tables listing the chemical resistance of the various preducts. Generally, the
concentration of chamicals to be injected into the system is normally very
Jow, ranging from 4 to 100 mg/l for fertilizers and 0.5 to 10 mgfi for bacter-
icides. Acids and bacteéricide concentrations in waters should be routinely
monitored after the filters and at the end of the lateral lines to check if
the entire trickle system is being treated.

Chemical injectors should be equipped with an antisiphon valve to prevent
the water supply from getting into the stock chemical tanks and overfilling
concentrated chemicals to the surrounding area. If electrical injectors are
used, a pressure or flow control switch should be instalied so that chemical
injection stops when the rate of water flow to the ficld is drastically reduced.
Also, a backflow or vacuum breaker valve is often placed after the filters to
prevent the backflow of water from the main pipelines to the pump. Where
municipal water is tied to the irrigation system, a backflow valve should be
required,

FLUSHING TRICKLE SYSTEM

To minimize sediment buildup in trickle systems, growers and researchers
have recommended regulur flushing of trickle pipelines (Shearer, 1977 IR
Because of the varied water qualities, management practices, trickle emitter
systems, and limited research trials, line flushing may not always be required.
However, valves should be provided at the ends of mains and submains and
provisions made for flushing of lateral lines. Furthermore, connections to
lateral lines should have large enough diameters to facilitate flushing,

Automatic flushing of lateral lines can be done at the beginning and st
the end of each irrigation cycle. Problems have cceurred in the operalion
of some automatic-flushing devices, but some of the newer valves may ensure
adequate flushing. Mains and submains can also be flushed automatically,
by use of an electric or battery-time-operated, normally clesed valve. Auto-
matic flushing will be more beneficial where the water is extremely high in
silt and clay content.

Periodic hand flushing of trickle lines can also be used. Operators should
begin with the flushing mains and proceed to the submains and Iaterals,
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The flush water will run clear, followed by high-sediment water, and then
again clear. There is no dependable check to ensure complete flushing, but
clean, filtered water should run at least 2 min before hand valves are closed,
A general recommendation for flushing would be every 6 months for tree
crops and at the beginning, the middle, and the end of each scason for row
crops. When the system is initially installed, operators may wish to flush
more frequently. With water source No. 3, used in our chemical treatment
for prevention of emitter clogging experiment, we have been hand flushing
trickle lines about once during the winter and twice during the summer.
Table VIshows how flushing of submains and laterals has controlled the
buildup of sediment and iron.

An extra flow capacity of at least 20 to 30% for pump and filler units
was previously suggested to provide for adequate filtration at all times. This
additional capacity is also of assistance in flushing trickle lines, Normally, only
a few trickle lines can be hand flushed at one time; and with automatic _
flushing valves, the system must often be divided into smaller subunits, This ~
is to provide for a flow velocity greater than 18 m/min during the flushing
process.

FIELD INSPECTION

Systematic inspection of a trickle system is required to spot malfunction-
ing emitters, pipeline leaks, and accessory equipment failures. Some of the
N field inspection can be done when the crop is being checked.

Good maintenance requires that fitration and chemical injection units be
kep! in perfect operating condition. Screen, media, and centrifugal filters
must be cleaned periodically, either automatically or manually. Operation of
filters, chemical injectors, time clocks, pressure regulators, water meters,
and the pump must also be checked routinely and repairs made according
to manufacturer’s recommendations. :

All trickle systems should be provided with a flow meter to aid in scedul-
ing irrigations. Flow metering is also useful o indicate either inadequate
pressure regulation, pipeline leaks, or emitter clogging. Most flow meters
give the accumulated flow, and operating {imes must be known to estimate
the rate of flow. Even if a rate meter is used, the accumulated flow over a
specific period of time often gives more accurate results, Visual checking
for malfunctioning emitters and pipeline leaks will still be required at least
every month.

SUMMARY

Reliability in the performance of a trickle irrigation system depends
upon preventive maintenance. Preventive maintenance must include proper
water filtration and field inspection, and sometimes chemical treatment and
pipeline flushing, Because water quality is of primary importance in design
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and operation of this maintenance program, a tentative water-classification
system was developed to establish criteria for evaluating the clogging poten-
tial of a trickle irrigation water supply.
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