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EFFECT OF WATER QUALITY AND LATERALS
FLUSHING FREQUENCY ON EMITTERS
PERFORMANCE

M. A. Kassem * and M. S. Omran*
ABSTRACT

The effect of two different water qualities (groundwater (GW) and treated
sewage effluent (TSE)) and four laterals flushing frequency treatments
(non flushing (NF), monthly flushing (MF), fortnightly flushing (FF) and
a weekly flushing (WF)) on emitters performance, were studied for total
operational time, 1440 h. The emitters performance were evaluated,
using the reduction of emitter discharge (q,), the relative emitter
discharge (R) , the coefficient of variation of emitter discharge (CV), the
distribution uniformity (DU) and Christiansen uniformity coefficient
(CU). Results indicated that all indices were affected by water quality,
laterals flushing frequency and operational time. The values of g, and CV
for the TSE treatments were greater than those for the GW treatments.
The values of R, DU and CU for the TSE treatments were lower than
those for the GW treatments. The g, and CV increased and the R, DU
and CU decreased as operational time increasing for the GW and TSE
treatments. For both GW and TSE treatments, the g, and the CV were
greater, and the R, DU and CU were smaller of WF treatment than
those for another treatments. Laterals flushing frequency efficiently
alleviate emitter clogging and improved the emitters performance. In a
conclusion, WF treatment showed a suitable emitters performance than
another treatments of laterals flushing.

INTRODUCTION
The use of treated sewage effluents (TSE) in agriculture is a viable

alternative in areas where water is scarce or when there is intense

competition for its use. Treated sewage effluent (TSE) has been
used for many years in world for agriculture (Zeng and Zhu, 2004) and
for landscaping (Guo et al., 2006) and ( Yang et al., 2003).
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The best way to apply TSE from the public health and environmental
points of view is by means of drip irrigation (Peng et al., 2006). Drip
irrigation system must has good and consistent filtration, water treatment,
flushing and maintenance plans to ensure long economic life (Lamm and
Camp, 2007). Filtration systems do not normally remove clay and silt
particles, algae and bacteria because they are too small for typical
economical filtration. These particles may travel through the filters as
individual particles, then flocculate or become attached to organic
residues and eventually become large enough to clog emitters (Nakayama
et al., 2007). Therefore, laterals flushing is periodically needed to remove
these particles and organisms that are accumulated within the laterals
(Ayars et al., 2007) and ( Zhang et al., 2007).

The drip irrigation system should be designed, so that it can be flushed
properly. To be effective, flushing must be done often enough and at an
appropriate velocity to dislodge and transport the accumulated sediments
(Nakayama et al., 2007). A minimum flushing velocity of 0.3 m/s is
recommended for microirrigation systems (ASAE, 2003). However, a
flushing velocity of 0.5-0.6 m/s may be needed when larger particle sizes
need to be removed, like when coarser filters are used (Hills and Brenes,
2001 and Nakayama et al., 2007). There is not a general agreement on
what is the best flushing frequency. Several researchers have studied
different flushing frequencies: daily and every two weeks with stored
effluents (Ravina et al., 1997), twice per week and once per week with a
secondary clarified effluent (Tajrishy et al., 1994 ,Hills et al., 2000) and
(Hills and Brenes, 2001) or fortnightly and monthly with stored GW
(Hills et al., 2000). However, in many areas, only one flushing is carried
out at the beginning and/or at the ending of irrigation season.

TSE is turbid and rich in ions, organic materials and microorganisms (Ma
et al., 2006). Consequently, the emitter is prone to partial or complete
clogging with TSE (Capra and Scicolone, 2007). The causes of clogging
differ based on emitter dimension and positions in lateral (Ahmed et al.,
2007). De Kreij et al. (2003) found that the tube emitter system with
laminar flow suffers more severe clogging than the labyrinth system with
turbulent flow. Capra and Scicolone (2004) found that vortex emitters
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are more sensitive to clogging than labyrinth emitters. Ravina et al.
(1997) found that fast flow can limit the biological growth on the pipe
wall and thus lower the risk of clogging; more clogged emitters are found
at the tailing part than at the leading part of the drip lateral. Emitter
clogging greatly reduces the relative emitter discharge and water
distribution uniformity in irrigated fields (Puig-Bargues et al., 2005). To
prevent emitter clogging, some methods have been used on both
experimental and on field scales. Filtering and flushing drip lines are
simple and useful methods to prevent emitter clogging, particularly for
physical clogging (Nakayama and Bucks, 1991). Filtering can prevent
inorganic particles and organic materials suspended in water from
entering the drip-irrigation system. Flushing drip lines can clear the
inorganic and organic materials precipitated in emitter orifices and on the
inside-wall of drip hoses out of the system. Emitters performance and
clogging degree varies based on water quality and laterals flushing
frequency.

Therefore, the objectives of this work are: (1) to study the effect of water
quality and laterals flushing frequency in emitters performance and (2) to
recommend a suitable laterals flushing frequency for both TSE and GW.

MATERIALS AND METHODS

Layout of Experimental field

Field experiments were conducted at Agricultural and Veterinary
Research Station, Faculty of Agriculture and Veterinary Medicine, Al-
Qassim University, from February 2010 to May 2010. In the present
work, two types of water quality and four treatments of laterals flushing
frequency were used to test their effects on emitters performance. The
water qualities were groundwater (GW) and treated sewage effluent
(TSE). The four treatments of laterals flushing frequency were carried out
for different types of water qualities: non flushing (NF), monthly flushing
frequency (MF), fortnightly flushing frequency (FF), and a weekly
flushing frequency (WF). The GW originating from a local well, 500 m
deep and the TSE was supplied from a line was connected with Qassim
Waste Water Treatment Plant. One type of emitters most commonly used
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in Qassim area of Saudi Arabia was selected for the experiment. This
type is inline-labyrinth emitter, with a turbulent flow.

The experimental field was divided in to two main plots, the first plot for
GW and the second for TSE. Each main plot had four sub-plots of laterals
flushing frequencies. A randomized complete block was used with three
replications of laterals flushing frequency treatments. At the head of each
plot, a water reservoir was used to store irrigation water, its volume
capacity was 24 m* (4 m length, 3 m width and 2 m depth). At the inlet of
it, a PVC pipe of 4 inch outside diameter was fixed. The water reservoir
was filled with irrigation water every day at 6 am. The irrigation water
was pumped from each reservoir using a pump (discharge of 0.8 m%h,
and pressure head of 150 kPa), followed by a sand filter (the sand was
supplied had an effective size of 0.32 mm and uniformity coefficient
3.17) and a screen filter (80 mesh or 180 um) in succession. Also, a flow
meter was installed, followed by a pressure regulating valve and a
pressure meter. The pressure regulating valve was used to maintain a
pressure of 100 kPa in the middle of the lateral, as measured with a
pressure meter. After the filtration system, 24 laterals 30 m long were
installed on a 0.175 ha field (50 m long and 35 m wide) with an average
slope of 0.15 % in the wide direction. Sand filter filled with 175 kg of
sand as a single filtration layer. A ball valve was installed at the inlet to
each lateral for onsite flow control and at every lateral end for flushing.
Flushing was carried out for 5 min at a velocity of 0.60 m/s. To avoid
interference with the primary focus of the study, the evaluation of
flushing frequency, no chemical treatments of the irrigation water were
conducted to prevent emitter clogging.

The discharge of each emitter was measured every 15 days by using the
containers. During the field experiments, the trickle-irrigation system was
running 12h daily. Therefore, the total operational time was 1440 h from
February 1%, 2010 to May 30 ™, 2010.

Experimental measurements

The characteristics of tertiary TSE were measured monthly, on days of
15" Feb, 16" Mar, 15" April and 14™ May. While, the characteristics
of GW were measured only on day 5™ Mar, because GW properties varied
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little on a yearly scale (Hills and Brenes, 2001). The mean values of
some characteristics of GW and TSE are shown in table (1). The
discharges of emitters with the application of GW and TSE were
measured every 15 days. Before each measurement, the 5-L containers
were put precisely beneath the emitters. After 1 h operation of the system,
the water volume of each container with emitted water was measured
using a graduate jar. The emitter discharge was recorded in volume per
unit time, I/h.

Table (1): Physical and chemical properties of the tertiary treated sewage
effluent (TSE) and groundwater (GW

Terms | pH EC, TDS, | COD |BOD | Ca | Mg | Na | K Fe NH,4
mm/cm mg

TSE | 77| 23 | 7958 | 251 | 87.2 | 539 | 212 | 441 | 80 | 4 |B4°

ow |74 124 |182 |ND |[ND |3 |14 |29 |04 [ND |31

TDS: Total dissolved solids, COD: chemical oxygen demand, BOD: biochemical oxygen demand,
ND: means the content of the corresponding items is too small to be detected.

Before the field experiments, emitter discharge was determined in a
laboratory by using 100 new emitters at an operational pressure of 100
kPa with GW. The emitter discharge exponent, flow-path dimension and
the manufacturing coefficient of variation (CVm) for the inline-labyrinth
emitter are listed in table (2), which were from the corresponding emitter
manufacturers. According to the ASAE standard EP405.1 (ASAE
Standards, 2003) on manufacturing coefficient of variation for emitters,
emitter can be classified as excellent emitter types (CVm < 0.05). The
working pressures at inlet, middle and ending of each lateral were
measured by digital manometer (0.07% accuracy) that was placed in a
pressure reading socket. The values of pressure uniformity were
determined and found to be greater than 96% for all treatments, meaning
that pressure distribution along the lateral was very uniform. Since the
emitter manufacturing coefficient of variation was low, the reductions of
emitter discharges can primarily be explained by emitter clogging (Puig-
Bargues et al., 2005).
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Table (2): Hydraulic characteristics and flow-path dimension of the
tested emitter

Emitter characteristics Value
Discharge, I/h 2.83

Manufacturing coefficient of variation (CV) 0.016
Discharge exponent 0.480
Minimum flow-path, mm 1.53

Distance between emitters, cm 40

Assessment of emitter performance

The criteria used for assessing the emitters performance were the mean
emitter discharge of each lateral (q ), the reduction of emitter discharge
(ar), the relative emitter discharge (R), the coefficient of variation (CV)
of the emitter discharge in a lateral, the distribution uniformity (DU) and
Christiansen uniformity coefficient (CU).

The reduction of the mean emitter discharge in percentage (q,) and the
relative emitter discharge (R) were calculated as (Keller and Karmeli,

1974):
q, =100><(1—q—_]
qin
R
qin
Where:

q is the mean emitter discharges of each lateral, I/h;
Qin IS the mean discharge of 100 new emitters at the same operation
pressure, I/h.

The coefficient of variation (CV) of the emitter discharge in a lateral was
calculated as (Bralts and Kesner, 1983), the distribution uniformity (DU)
and Cristiansen uniformity coefficient (CU) were calculated as (Keller
and Karmeli, 1974):

CV =100x 22

q
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DU =100 K—qmi”““J
q

CuU 100><[ 1 ‘]
= nxq"
Where:

SD s the standard deviation of emitter discharge;
Omin1/4 1S the mean discharge of lower quarter, I/h;
gi is the measured discharge of emitter i, I/h;

n is the total number of emitters in each lateral.

The two indices DU and CU assume different meanings. The former
shows the condition of the smallest emitter discharge as compared with
that of the average discharge, whereas the latter represents the deviation
of discharge from its mean value.

Statistical analyses

Statistical analyses were carried out by using the SPSS 11.5 software for
Windows (SPSS Inc., Chicago, IL, USA). The differences of emitter
performance indices among two water qualities and four laterals flushing
were analyzed at a significant level of 0.05 or less.

RESULTS AND DISCUSSION

1-Mean emitter discharges ( :q) and emitter discharge reduction (qy)
for each lateral during the experiment
The results of statistical analysis, for the effect of water quality and
laterals flushing frequency and interactions on emitter performance are
shown in table (3). The results showed highly significant effect of these
factors on<: q and q,. The mean emitter discharges for each lateral ( Q)
for four laterals flushing frequency treatments for the application of both
GW and TSE during the experiment are shown in table (4). The values of
2:q varies with water quality, laterals flushing frequency and operational
time. The value of &q for NF treatment decreased greatly with the
operational time in comparison with that of WF and FF treatments. The
value of &q is greatly influenced by TSE in comparison with GW. The
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values of 2:q for NF treatment decreased greatly with the operational time
in comparison with that of FF and WF treatments.

Table (3): Analysis of variance (ANOVA) for the effect of water quality
and laterals flushing frequency on emitter performance

q ar R

Source of of

variation MS | Sign MS Sign. | MS | Sign.
Replication 2 | 0001 | = | 2734 w1 0004 | **
\(’X")"ter quality | 4 | 5795 | »+ | 3670344 | ** | 0366 | **
Flushing 3 | 1615 | ** | 2025320 | ** |o0.205| **
frequency (B)
AB 3 | 0487 | * | 638305 | ** [o0062] **
Time (C) 8 | 0577 | * | 754985 | ** [o0.075 | **
AC 8 | 0192 | ** | 243376 | ** |o0024 | **
BC 24 | 0127 | * | 151203 | ** [o0.016 | **
ABC 24 [ 0035 | * | 46401 | = [o0005| **
Error 142 | 0.002 0.21 0.000

** high significant, g~ is the mean emitter discharges of each lateral, g, is the emitter
discharge reduction, R is relative emitter discharge

Table (4): Effect of water quality and laterals flushing frequency on mean
emitter discharge of each lateral (q)

[ Treatments

-% - Groundwater (GW) Treated sewage effluent (TSE)

§':§j NF MF FF WF NF MF FF | WF
0 283 | 283 | 283 | 283 | 2.83 | 283 | 2.83 | 2.83

180 | 2.82 2.8 282 | 281 | 282 | 282 | 282 | 281
360 | 2.78 2.8 2.8 2.8 2.7 2.7 2.7 | 2.73
540 2.7 275 | 279 | 281 23 | 266 | 275 | 2.75
720 | 2.63 2.7 278 | 282 | 195 | 24 | 275 | 2.72
900 | 2.55 2.6 2.79 2.8 18 | 225 | 2.7 | 271
1080 | 252 | 258 | 2.78 | 2.82 1.7 | 217 | 269 | 2.65
1260 | 25 255 | 2.77 2.8 162 | 21 26 | 261
1440 | 2.5 2.55 | 2.77 2.8 1.6 2 255 | 2.6

LSD for GW and TSE treatments = 0.22 , NF: non flushing , MF: monthly flushing ,
FF: fortnightly flushing and WF: weekly flushing
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For WF treatment, there are no significant differences (P > 0.05) for the
values of :q between the GW treatment and the TSE treatment. For FF
treatment, the difference in the values of :q between the GW treatment
and the TSE treatment is not significant (P > 0.05) before 1260 h of
operational time, while after that time the values of <:q for the TSE
treatment decreases greatly, it is about 8.9 % lower than the discharge for
the GW treatment. The small particles of TSE may travel through the
filters as individual particles, then flocculate or become attached to
organic residues and eventually become large enough to clog emitters
(Nakayama et al., 2007).

For MF treatment, the difference in emitter discharge between the GW
treatment and the TSE treatment is not significant (P > 0.05) before 720 h
of operational time, while after that time the emitter discharge for the
TSE treatment decreases greatly due to severe clogging and is about
13.46 % lower than the discharge for the GW treatment.

For NF treatment, the difference in emitter discharge between the GW
treatment and the TSE treatment is not significant (P > 0.05) before 540 h
of operational time, while after that time the emitter discharge for the
TSE treatment decreases greatly due to severe clogging and is about
25.85 % lower than the discharge for the GW treatment.

The reduction of mean emitter discharges (q,) for four laterals flushing
frequency treatments for the application of both GW and TSE during the
experiment are shown in Fig. (1). At the end of the experiment, the
maximum value of g, was 43.3% for treatment of NF using TSE. While
the minimum values of g, were 1.06 % and 8.12% for treatments WF
with GW and WF with TSE, respectively. Discharge reductions can
primarily be explained by emitter clogging. (Ravina et al., 1997; Liu and
Huang, 2009). Figure 1 (c and d) shows that the percentage of g, values
for treatments of WF and FF are linearly related to the operational time,
with determination coefficients of R? = 0.86 and 0.83 for both the GW
and the TSE treatments, respectively. Decreasing the values of gy, the
percentages of emitter clogging were increased. (Liu and Huang, 2009).
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d- Weekly flushing (WF)

c- Fortnightly flushing (FF)
45 |

30 |
15 |

0w —t— % |

b- Monthly flushing (MF)

Reduction in mean emitter discharge, %

a- Non flushing (NF)

45 |
30 |
15 | . ° * o
0. | | | | | | >
O o o o o o o o o o

® © I & O ® © I N

=4 ® O ~ & 6 G S

= = A

Operational time, h
- GW = TSE

Fig. (1): Effect of water quality and laterals flushing frequency on the
reduction in mean emitter discharges (q,) during the experiment
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2. Relative emitter discharge (R) during the experiment

The results of statistical analysis for the effect of water quality and
laterals flushing frequency and interactions on R values during the
experiment, table (3), showed highly significant effect of these factors on
R values.

The values of relative emitter discharge (R) for the tested emitter of four
laterals flushing frequency treatments for the application of both GW and
TSE during the experiment are shown in Fig. (2). From Fig. (2) it is clear
that the R values for all treatments based on laterals flushing frequency,
water quality and operational time. The partially and completely clogged
emitters were analyzed using the relative emitter discharge (R). Capra
and Scicolone (2007) divided the relative emitter discharge into three
classes; high relative emitter discharge class (R > 0.79), moderate relative
emitter discharge class (R between 0.79 and 0.61) and low relative
emitter discharge class (R < 0.61).

For all GW treatments and treatments of WF and FF with TSE, the
values of R are higher than 0.79 for all times of operation. So, the values
of R of these treatments for all operational times are in the range of the
high class. For MF treatment with TSE, the values of R are higher than
0.79 for operational times less than 900 h. By increasing the times of
operation than 900 h, the R values decreased than 0.79 to reach 0.72 at
1440 h. For NF treatment with TSE, the values of R are higher than 0.79
for operational times less than 540 h, by increasing the operational times
than 540 h, the R values decreased to reach 0.62 and 0.56 at 1080 h and
1440 h, respectively.

From Fig. (2) we can concluded that the values of relative emitter
discharge (R) were decreased for all treatments by increasing the
operational times. By decreasing the R values, the emitters clogging
degree were increased, (Capra and Scicolone, 2004). WF and FF
treatments increased the values of R compared to NF and MF for both
water qualities. At the end of the experiment, the minimum value of R
was 0.56 for treatment of NF using TSE. While the maximum values of
R were 0.95 and 0.918 for treatments WF with GW and WF with TSE,
respectively.
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Fig. (2): Effect of water quality and laterals flushing frequency on relative

emitter discharge (R) during the experiment
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3. Coefficient of variation of emitter discharge (CV) during the
experiment

The coefficient of variation of emitter discharge (CV) for four laterals
flushing frequency treatments for the application of both GW and TSE
during the experiment are shown in Fig. 3. It is clear that the values of
CV vary with water quality, laterals flushing frequency and operational
time. The value of CV is greatly influenced by TSE in comparison with
GW. The values of CV for NF treatment increased greatly with the
operational time in comparison with that of FF and WF treatments.

For WF and FF treatments, there are no significant differences (P > 0.05)
for the values of CV between the GW treatment and the TSE treatment.
Also, there are no significant differences (P > 0.05) for the values of CV
between the FF and WF treatments. For MF treatment, the difference in
values of CV between the GW treatment and the TSE treatment is not
significant (P > 0.05) before 540 h of operational time, while after that
time the values of CV for the TSE treatment increased greatly than those
of GW treatment and achieved its maximum value 0.43 at the end of
operational time. For NF treatment, the difference in values of CV
between the GW treatment and the TSE treatment is not significant
(P > 0.05) before 360 h of operational time, while after that time the
values of CV for the TSE treatment increased greatly than those of
ground water treatment and achieved its maximum value 0.70 at the end
of operational time. There are significant differences (P > 0.05) for the
values of CV between the NF, MF and FF treatments with GW.

At the end of the experiment, for the GW treatment, the CV values for
treatments WF and FF are relatively small 0.04 and 0.09, respectively.
While, the CV values for NF and MF treatments are moderate 0.25 and
0.16, respectively. For the TSE treatment, the CV values of emitter
discharge for WF and FF treatments were 0.10 and 0.12, respectively.
While, the CV values for treatments NF and MF were 0.70 and 0.43
respectively. TSE is turbid and rich in ions, organic materials and
microorganisms (Ma et al., 2006). Consequently, the emitter is prone to
partial or complete clogging with TSE which increased the CV values
(Capra and Scicolone, 2007).
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According to the criteria proposed by Bralts and Kesner (1983), WF
treatment with both the GW and TSE and FF with the GW are in a well
performance situation for their CV values less than 0.11, FF treatment
with TSE and MF and NF treatments with GW are in a moderate
performance situation for their CV values in the range of 0.11- 0.29,
whereas NF and MF treatments with TSE are in a poor performance
situation for their CV values larger than 0.29. From the above mentioned,
it is clear that WF treatment with both the GW and TSE had a smaller
values of CV, Then WF treatment is recommended for the GW and TSE
to keep high emitters performance for long operational time.

4. Distribution uniformity (DU) and Cristiansen uniformity
coefficient (CU) values during the experiment

The calculated values of DU and CU for four laterals flushing frequency
treatments for the application of both GW and TSE during the experiment
are shown in Fig. (4). Similar to the CV, the DU and CU values varies
with water quality, laterals flushing frequency and operational time. The
values of DU and CU are greatly influenced by TSE in comparison with
GW. The values of DU and CU for NF treatment decreased greatly with
the operational time in comparison with those of FF and WF treatments.
For WF and FF treatments for the GW had the highest values of DU and
CU greater than 96% in the entire experimental period. With the TSE, the
DU and CU of WF and FF treatments decrease with the increase of
operational time as its value larger than 1080 h, and are 91.15% and
89.02% respectively at the end of the experiment. For MF treatment, the
difference in values of DU and CU between the GW treatment and the
TSE treatment is not significant (P > 0.05) before 540h of operational
time. After 540 h of operational time, both the DU and CU values
decrease greatly for TSE. At the end of the experiment, the DU and CU
of MF treatment are 58.9 and 56.1% respectively, for the TSE treatment,
and 89.0% and 86.8%, respectively for the GW treatment. For NF
treatment, the difference in values of DU and CU between the GW
treatment and the TSE treatment is not significant (P > 0.05) before 360 h
of operational time.
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Fig. (3): Effect of water quality and laterals flushing frequency on
coefficient of variation (CV) during the experiment
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After 360 h of operational time, both the DU and CU values decrease
greatly for the TSE treatment,. At the end of the experiment, the DU and
CU of NF treatment are 23.12 and 19.35%, respectively for the TSE
treatment, and 86.8% and 85.2%, respectively for the GW. From the
above mentioned, it is clear that WF treatment with both the GW and
TSE had a higher values of DU and CU for total operational time.

CONCLUSION

From this investigation, the following conclusion can be made:

1. The factors of water quality, laterals flushing frequency and
operational time had high significant effect on the values of g, Cv, R,
DU and CU.

2. The minimum values of g, were 1.06 % and 8.12% for treatment WF
using GW and TSE, respectively. While the maximum value of g, was
43.3% for treatment of NF using TSE.

3. The maximum values of R were 0.95 and 0.918 for treatment WF
using GW and TSE, respectively. While the minimum value of R was
0.56 for treatment of NF using TSE.

4. The minimum values of CV were 0.04 and 0.10 for treatment WF
using GW and TSE, respectively. While the maximum value of
CVwas 0.70 for treatment of NF using TSE.

5. The maximum values of DU and CU were 98.8 % and 93.9%,
respectively for treatment WF using GW. While the minimum values
of DU and CU were 23.1 % and 19.0%, respectively for treatment of
NF using TSE.

In a conclusion, WF treatment showed a suitable emitters performance

than another treatments of laterals flushing. So, WF treatment is

recommended for the GW and TSE to keep high emitters performance
for long operational time.
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