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ABSTRACT

The micro irrigation systems have been widely used around the world for
crop production. The main disadvantage of micro irrigation is emitter clogging,
especially when using canal water with soil born suspended particles. In order to
alleviate this problem, the media filters are introduced to reduce the suspended soil
particles, which cause the emitter clogging. The gravel filter capability to remove the
suspended scil particles is called removal efficiency. Removal efficiency is calculated
in accordance with the recommended equation of the American Society of Agriculture
Engineering (ASAE). The removal efficiency of the gravet media filter mainly depends
on the concentration of the suspended soil particles in ifrigation water before and after
filtration. It is a unique character of the gravel media used, where, gravel media size
and shape are the most important factors, Laser transmission technique is used to
determine the removal efficiency of different gravel media types (sizes), gravel depth
and suspended soil particles concentration. Such measurements were carried out
using He-Ne laser {632.8 nm). Comparison between the conventional method (oven
drying) and the laser transmission technique for determining filter removal efficiency
was performed. The resuits show that the values obtained via laser transmission
technique is very ciose to that of the conventional method. However, the laser
technique can be easily appiied in the field (in situ measurements).
Keywords:Microirrigation, gravel media, media filter, removal efficiency, oven drying,

laser transmission technique.

INTRODUCTION

Since the last decade, the trickle irrigation system has been
considered to be one of the most important irrigation systems applied in the
newly reclaimed desert land in Egypt (Kasem,1983). It is well known that,
suspended solids in the water supply include soil particles ranging in size
from coarse sand to fine clays, living organisms including algae, bacteria and
a wide variety of miscellaneous water borne mater. (Henderson,1976).
Trickle irrigation system has been introduced at large scale in the newly
reclaimed areas in Egypt. (El Naggar,1995).

The gravei filter capability to remove the suspended soil particles is
called the removal efficiency and is calculated in accordance with the
American Society of Agriculture Engineering (ASAE) using the following
equalion:

Where, Er, Sounow @nd Simow are the Removal efficiency, outlet
concentration of suspended soil particles in mg/L and inlet concentration of
suspended soil particles in mg/L respectively.
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The removal efficiency of the gravel media filter depends on the
concentration of the suspended soil particles in imgation water before and
after filtration. Gravel media size and shape are the rost important factors
(ASAE Standard, 1990).

The conventional method used to measure the removal efficiency is
called oven drying. This method depends upon the drying of the suspended
particulates samples from the in and out flows at 105 %C in oven for 24 hours
and evaluates the efficiency by subslituting the weights of the dried samples
in equation 1.

The present study aimed to evaluate a method exploits laser as a fast,
a real time (in situ} in situ technique to measure the removal efficiency during
treatrment of the irrigation water.

MATERIALS AND METHODS

1. Gravel:

The selection of commercially available gravel media filter depends on
the differences between different types of gravel media in particle size
distribution from G; , Gz, G3, G4, Gs and Gg
The hydraulic properties for the gravel media filter by dry sieve analysis are
given in Table 1.

Table 1: The hydraulic properties for gravel media filter by dry sieve

analysis
Dry sieve IR 1 ]
Gravel type 8>mm|(8-4mm|4-2mm|2~-1mm|1<mm TotaIJ
| Gravel1 | 362 95 133 | 0.05 - 100
Gravel2 | - 25.84 58.86 | 11.52 3.78 100 |
Gravel3 | 2.55 80.56 26.94 8.03 1.92 100

Gravel4 | 1.98 57.83 29.98 8.57 164 | 100
Gravel5 | 229 | 4286 42.24 11.00 | 1.61 100
Gravel6 | 089 | 39.46 45.09 1279 | 1.77 100

2. Particulates concentration:

Seiected concentrations of suspended pariiculates (ppm) ranging irom
W, = 1000W; = 200W; = 300 and W, = 400 ppm) have been used
throughout the experimental investigations.

3. Depth of gravel:

To find out the more effective depth of the gravel media in the filter for
greatest removal efficiency, two gravel depths have been used namely L: is
30 cm, and L;: is 50 cm.
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4. The laser used:

The Helium Neon laser probably is the most familiar type of lasers and
the least expensive. The power of the laser used was 6 mW. (Lehecka,
1990).

Typical He ~ Ne laser parameters:

Laser Wavelengths A 1 632.8 nm
Pumping Method ] Electric discharge
Mode of operation cw
Qutput power 8 mW

The expenmental setup of measuring incident and transmitted laser
light intensities are shown in Fig 1.

Sample

Beam Cell

Splitter

PD

Mirror

Reference Beam

Fig 1: The experimental setup of measuring incident and {ransmitted
intensities, P; and P, are the power meters, PD is photo
detector.

Methods:
1. Oven drying technique:

Passing 1 L of irrigation water, containing suspended materials, thought a
filter paper ,drying and get the mass of suspended particulate in mg/L (ppm).
As mentioned in Nakayama and Bucks 1986.

2. Column specification:

Filters used in this study were manufactured at the irrigation market from
PVC pipes (1-meter length, 90-mm outer diameter). The pipe is open from
the top and the bottom is coupled to a small filter at the end cap.

Theoretical aspects:

The relation between the transmitted and incident laser light
intensities can be expressed in the form of Beer-Lambert law.

I, = I, e "7 - (2)
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The absorbance is equal to the logarithms of the ratao between the
incident and transmitted laser light intensities given by:

4 _ Log Y a ¢ x - (3)

C Inflow = a xj"fb"’ —> (4 )
{

C Curflow = 7 zm“ - {(5)

Where:

l; = Transmitted intensity

lg = Incident intensity

a = Absorption coefficient

x = Optical path length

A = Absorbance

a = Molar absorbitivity

¢ = Concentration

Cinrow = Inlet concentration of suspended soil particles.

limsow = Transmitted intensity for inflow.

Couew = Outlet concentration of suspended soil particles.

loutnow = Transmitted intensity for outflow.

The definition of filter efficiency (expressed as removal efficiency; is given by
the following.

Since the removal efficiency is given by equation 1:

Substituting Soumow & Sinfiow DY Couriow & Cianew from equations 3 and 4:

C
E r = l _ Ouiflow ) * I 0 0
C Inflow yi

Therefore, to calculate the removal efficiency, we need only to know

the values of the light intensities such that:
The schematic diagram of the laser transmission experiment is
shownin Fig. 2.
P
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Fig. 2: The schematic diagram of the laser transmission experiment.
RESULTS AND DISCUSSION

1. The effect of different combinations Cb of gravel G, depth L and
particulates concentration W, on the removal efficiency (Er) as
determined by the laser technique:

Table 2 shows such effect for gravel G, depths L; and L, and

particulates concentrations W, — W,.

Table 2 : Effect of different combinations (G, L and W) for gravel (1) on
the removal efficiency (Er) as determined by oven drying

method.

Combinations oq SinFiow Sourow Er % Oven Log 1, Log 1, Er %
Gravel {1) ppm ppm drying I 1 it Laser

Cb1 = GibiWh 100 80 20 0.15 0.11 23.35 |
|ib2 =Gy LWs 200 157.50 21.25 L 0.30 0.24 20.09
L Cba= G1L1Wa 300 228.75 23.75 0.43 0.33 23.78
Cbha= Gil/W, 400 | 295 26.25 0.60 0.43 28.15
Chs = GiL W, 100 70 30 0.15 0.10 33.17
Chs= GiLW> 200 130 35 0.30 0.19 35.58

Chy = Gil W, 300 180 40 0.43 0.27 37.95 ]

Chs = G1L2Wa 400 215 46.25 | 080 0.32 47 63 ]

The resuits show that the removal efficiency values are 23.35 and
33.17 for the combinations Cb, and Cbs for the same concentration (W;) and
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the two different depths. While Cb, has the value of 28.15 compared with
37.95 for the combinations of Cbg for different depths dnd same highest
concentration.

Increasing the concentration of suspended particulates in water
increases the removal efficiency. However, the removal efficiency values in
the second used gravel depth (50 cm) show a some what higher values than
the values obtained using the shorter depth (30 cm).

The data in Tables 3 to 7 show that the same relation exists between
the concentration and the removal efficiency for G; to Gg as in the above
case of G;. However, the removal efficiency values in second gravel depth
show also a slight increase higher than the removal efficiency values of the
first depth. {

The fluctuations in the removal efficiency values are clear in
combinations G, and G,, while for G; to Gg the Er values tend to be more
reasonable and much less fluctuating. This effect is mainly due to the fact
that in combinations of G5 to G4 the grain size of the gravels is much less and
consequently their distributions in the filter are more homogeneous contrary
to the combinations of G, and G; where the grain size is much higher.

In general, and as mentioned before the results show that the removal
efficiency Er increases as the concentration of suspended particulates
increases in water. In addition, the value of removal efficiency Er at the
second depth of (50 cm) is higher than Er vaiues at the first depth of (30 cm).

2. The effect of different combinations Cb of gravel G, depth L and
particulates concentration W, on the removal efficiency {Er) as
determined by oven drying method:

The study depends upon the determination of the inlet and outlet
concentration of suspended pacticulates before and after water passes
through the gravel media filter Soumow & Sinrow €xploiting the dry oven method.
The values obtained are then substituted in equation 1 of removal efficiency.

Table 3 : Effect of different combinations (G, L and W) for gravel (2) on
the removal efficiency (Er) as determined by oven drying

method.

} Combinations | Sineiow | Soutriow [Er % Oven| , - 7. [, 1, [Er% )
of Gravel {(2) | ppm | ppm drying ! g {upe | LASEF
Chg = GoL4W, 100 77.50 22.50 0.15 0.11 27.07

Cbio= GoliW; | 200 | 150 25 030 | 022 2531

t_C_bﬂ =GL4Ws | 300 | 213.75 28.75 0.43 0.32 |27.18
| Cbi; = GoLWy | 400 270 32.50 0.60 0.39 13448

Cbiy= G;L,W, | 100 | 62.50 37.50 0.15 0.08 14732
| Cbya= GoloW, | 200 | 112.50 43.75 0.30 017 14275
| Chis= G2LW; | 300 150 50 0.43 0.22 |49.03
| Cbis = G,L,W, | 400 175 56.25 0.60 0.26 |[57.04 |
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Table 4: Effect of different combinations (G,L and W) for gravel{3)on the
removal efficiency{Er)as determined by oven drying method.

Combinations | Susiow | Soutriow [Et % Oven| ; Ao | jppte | Er%

of Gravel (3) | ppm | ppm drying I f poe | LASET
Cby;= GaLWy | 100 | 72.50 27.50 0.15 0,10 | 29.52
Chyg= G3L, Wz | 200 | 137.50 31.25 0.30 0.20 [ 31.86
Chy=GsL W5 | 300 | 181.25 36.25 0.43 028 | 3521
Chy = G3L,W, | 400 235 41.25 0.60 035 [4266
Chyy = GaLoWy | 100 | 52.50 47.50 0.15 0.07 |53.03
Chy=GsL:W, | 200 | 9250 53.75 0.30 0.13 | 56.13
Cbys = G3L,W; | 300 120 60 0.43 0.18 | 59.49
Choy = G3L,W, | 400 140 85 0.60 0.21 65.63

Table 5 : Effect of different combinations (G, L and W) for gravel {4) on
the removal efficiency (Er) as determined by oven drying

method.
Combinations | SiFiow | SoutFiow | ET % Oven o I, | Er%
of Gravel (4) | ppm | ppm drying Log { o Lo‘gl i | LASET
Cbys= GiL;W; | 100 | 66.25 | 33.75 0.15 009 [3558]
| Chye= Gyl W2 | 200 | 12250 38.75 0.30 0.18 39.21
[ Cbyr = GablsWa | 300 165 45 | 043 0.24 44 06
Cby = G4LsW, | 400 195 51.25 0.60 0.29 52.29
Chys = GsL;W, | 100 42.50 57.50 0.15 0.06 61.93
Cbo = GaLW, | 200 | 75 62.50 030 | 010 |64.96
Cbyy = G4l,W3 | 300 97.50 67.50 043 LO.‘M §7.41
Chyr = GaloW, | 400 118 71.25 0.60 LOJ 7 71.91

Table 6 : Effect of different combinations (G, L and W) for gravel (5} on
the removal efficiency (Er} as determined by oven drying

method.
-

Combinations | Siiow | Soutriow | Er % Oven o , I, 1 Er%

of Gravel (5} | ppm | ppm drying Log it Lo oo | -ASET

Cbaa=GsL,W: | 100 | 57.50 42.50 015 0.07 50.76

Chss= GsL,W, | 200 | 102.50 48.75 450.30 0.15 49.59

Chas = GslsW, | 300 135 55 0.43 0.20 53.50

Chas= GsL/W, | 400 155 61.25 0.60 0.23 61.78
Cbar = GsL,W, | 100 33.75 66.25 0.15 0.05 66,83 |
Cbaa= Gsl,W; | 200 60 70 0.30 0.08 73.01 |

Chag = GsL,Ws | 300 78.75 73.75 0.43 0.11 75.16
[Cba=GsL, W, | 400 | 95 | 76.25 0.60 014 [76.88 |
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Table 7 : Effect of different combinations (G, L and W) for gravel (6) on
the removal efficiency (Er) as determined by oven drying
method.

Combinations | Siwrow | Souriow [Er % Oven| ;o fo |/ L | Er%
of Gravel (6) | ppm | ppm drying ) L o Laser

Cbys = GglLiW; | 100 | 47.50 52.50 0.15 0.06 |60.83
Chbyy= GelyW, | 200 | 82.50 58.79 0.30 0.12 160.84
Cbqs= GelyW; | 300 | 108.75 83.75 043 0.16_ | 63.29
Chys= Ggl./W, | 400 128 68.75 0.60 0.18 |69.37
Chas = GeloW, | 100 | 27.50 72.50 0.15 0.04 , | 69.52
Chys = GgloW, | 200 50 75 0.30 0.06 |78.60
Chyr = GgloW3 | 300 | 67.50 77.50 0.43 0.08 |79.62
Cbas = GeloW, | 400 85 78.75 0.60 0.12 | 80.02

Table 2 shows such effect for gravel G, depths L, and L; and
particulates concentrations W; - W,.The results show that the removal
efficiency values are 20 and 30 for the combinations Cb, and Cbs for the
same concentration (Wi} and the two different depths respectively. White Cb,
has the vaiue of 26.25 compared with 48.25 for the combinations of Cbs for
different depths and same concentration.

Due to increasing the concentration of suspended particulates in

water , The removal efficiency increases. However, the removal efficiency
values in the second used gravel depth (50 cm) show a some what higher
values than the values obtained using the first depth (30 cm).
The data in Tables 3 to 7 show that the same relation exists between the
concentration and the removal efficiency for G; 10 Gs as in the above case of
G,. The removal efficiency behavior with respect to the gravel depth is also
the same as in case of G,.

Conceming the first depth (L,: 30) , result in Table 7 show that
increasing the concentration of suspended particulates in water, increases
removal efficiency. Lower Er vaiue of (5§2.50) was found on using W, while
the higher Er value of (68.75) was associated with W,. Data aiso show the
same trend for the second depth.

However, the Er values in second depth are slightly higher than the
Er values of first depth. The Er values ranged from 52.50 to 72.50 for Cbhy,
and Cbys respectivety and 68.75 to 78.75 for Cby, and Cbyg respectively.

In general, in case of using oven-drying technique, as in the laser
transmission experiments, the removal efficiency (Er) increases when the
concentration of suspended particulate increases in water. The value of
removal efficiency (Er) at the second depth of 50 cm is higher than (Er)
~alues at the first depth of 30 cm.

3. Comparison between the oven drying method and laser technique
by using {He-Ne) laser.
The comparison depends on the calculation of the removal efficiency (Er)
on the gravel media fitter at different gravel media types by the oven drying
method and laser technique using (He-Ne) laser.
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3 - 1 Removal efficiency (Er) for different gravels types:

Table 2 lists the percentage values of the removal efficiency Er
determined by oven drying method and laser technique for different
combinations for gravel (1).

Date presented in Tables from 3 to 7 show that, the values of the
removal efficiencies (Er) by laser transmission technique was found to be
closed to the oven drying method and can use the laser technique (He-Ne) in
the field application. Another way to analyze a population parameter, such as
mean or standard devialion, is to compare that parameter to the
corresponding parameter in a second population.

Condition

Sample data should be in paired from each of the two populations
whose parameters are being compared. The condition that needs to be
satisfied is:

The samples must be independently taken: that is, the sampling
technique used for collecting sample data from the first population in no way
affects the collection of the sample data from the second population.

T-Test values of mean difference = 0 (vs not = Q) for the different
combinations using two different technigues are shown in Table 8

Table 8:Values of means,Standndr deviation and T-Test for different
combinations of Gravel

 COBINATION | MEAN1 MEAN2 STD1 $TD2 |T-TEST@)
Gravel (1) 30.3125 | 31.212§ 9.3958 9.1650 1.32
Gravel (2) 37.0313 | 38.7725 | 121180 | 11.9451 1.29
Gravel (3) 45.3125 | 46.6913 4.8051 4.8452 1.91
Gravel (4) 53.4375 | 54.6688 | 13.5908 | 13.8347 2.08
Gravel (5) 61.7188 | 63.4388 | 12.1180 | 11.1818 1.67
Gravel (6) 68.4375 | 70.2613 9.3958 8.2808 1.57 |

@) T-Test of mean difference = § (vs not = 0): T-Value calculated

al 0.05 level and N=8 where ,T-Table =2.368

Non- significant difference found between means of the two procedures
Acceptance Criteria

Hp: Mean1 Mean2 _,

Mean1:means of Removal Efficiency measured by oven dry method
Mean2: means of Removai Efficiency measured by LASER technique

In conciusion, using of He-Ne laser technique in the measurements
of the removal efficiency is more convenient than the conventional method.
This technique is fast, accurate, easy to use and from the economic point of
view is lower in cost in comparison with the conventional oven drying method.

The relationship between the removal efficiency (Er) for the
conventional method and laser transmission technique is shown in Fig 3.
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Fig. 3:The relationship between the removal efficiency (Er) for the
conventional method and laser transmission technique.
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