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Abstract- It is very important to have a fast utility for the irrigation system evaluation to help the system designer and operator to evaluate
the system performance and make the reactions towards any system operation problem if exists. Microsoft excel 2010 spreadsheet was
successfully created in order to evaluate the drip irrigation system hydraulic performance. The spreadsheet was designed to provide the
user with Friendly user interface, easy data input supported with input values check, giving more clarification for emitters’ flow distribution
supported with charts, and Easy printable outputs Supported with user help work sheet. The uniformity parameters Included Uniformity coef-
ficient, statistical uniformity, manufacturer’s coefficient of variation, emitters’ flow rate variation, distribution uniformity, and emission uniformi-
ty. Emitter exponent also can be calculated by this spreadsheet. The spreadsheet was evaluated by researchers involved with drip irrigation
field as excellent rate, beside there was an agreement between spreadsheet calculations and evaluators’ in addition to saving the calcula-

tion time .
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Introduction

Drip irrigation system is widely spread as it can be used safely for
most soil types; beside it has high theoretical application efficien-
cy. The use of drip irrigation has been increase in most crop com-
modities, especially vegetable and fruit crops, to improve water
use efficiency [1] and water supply [2]. Nowadays how uniform is
the distribution of water on land surface is accepted as one of the
key criteria for evaluating irrigation system performance [3]. Poor
irrigation-water-application uniformity can be a cause of low crop-
yields. Improved yields could result from maintaining the soil
moisture at an optimum level through more frequent water and
nutrient application [4]. This can result from a uniform water appli-
cation and effective scheduling. The uniform application of water
will cause more uniform distribution of water in the root zone as
the behavior of applied water affects the soil moisture pattern
under point source trickle emitter [5]. Final water application varia-
bility in drip system or any other irrigation system will depend on

the manufacturing variation and the hydraulic variability [6]. In
order to conserve water resources, close attention has to be paid
to the performance of irrigation systems [7]. They added that, the
regular irrigation system evaluation may assure how maintained is
the system and how is its performing according to design. The
irrigation system must also be managed correctly and effectively.
The drip irrigation system offers the highest irrigation uniformity
compared with other irrigation systems [8]. Evaluation of drip irri-
gation system is important for several reasons .a- the design engi-
neer in establishing whether the desired emitter discharge uni-
formity specification are being met , b- the irrigation in deciding
whether the system can be operated efficiently , c- determining
the proper operation of the system and its components to take
remedial action as required [9]. Several methods have been de-
veloped to aid in design of such a system [9]. These include the
Emission uniformity (EU) concept [10], Emitter flow variation con-
cept [11], and statistical uniformity concept [12]. A successful
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uniform drip irrigation system application depends on the physical
and hydraulic characteristics of the drip tubing [13]. Drip irrigation
system efficiency depends on application uniformity. In surface
drip irrigation systems, uniformity can be evaluated by direct
measurements of emitter flow rates. In most cases, irrigation non-
uniformity is the major source of reduced crop yields [14, 15]. It is
very important to have a fast utility for the irrigation system uni-
formity evaluation to help the system designer and operator to
evaluate the system performance and make the reactions towards
any system operation problem if exists. Spreadsheets are easy,
widely spread way to make needed fast calculations. One of the
beauties of using spreadsheet is that it is possible to setup calcu-
lations, change some cell values and look at the effect on the
result immediately [16]. Microsoft Excel is used in solving optimi-
zation problems of one and several variables without constraints
[17]. Excel spreadsheet gives accurate calculations, easy user
interface, and Compatible with most computer operating systems.
This work introduces a Microsoft Excel spreadsheet that will calcu-
late uniformity measures and emitter exponent to evaluate the drip
irrigation system performance. There is numerous models capable
of simulating crop behavior under water stress conditions but,
none of them takes into consider the effect of irrigation water uni-
formity on yield [18]. They developed a model to simulate the ef-
fect of uniformity on yield and the repercussion on growth margin.
University of California introduced an Excel worksheet for the
emission uniformity calculation and evaluation [19]. [20] used
spreadsheet as a simple conceptual model that the water losses in
rice field has been developed and quantified in. [21] developed a
simple design procedure for hydraulic analyses and uniformity
evaluation and computer simulation model called Back Step Meth-
od to verify and evaluate the design procedure. This study indicat-
ed that emitter discharge is considered to be a spatial variable,
which overcomes the uniform emitter discharge assumption used
in the methods presented by [22, 23]. The spreadsheet was de-
signed in order to give the following features:

1. Easy calculation for all uniformity parameters with friendly user
interface.

2. Possibility for using wide range of emitters’ flow rates samples,
in addition to the clarification for emitters’ flow distribution
supported with charts.

3. Improve the spreadsheet user with values checking ability in
order to notice any mistakes before applying his results.

4. Supported with user help beside easy printable outputs.

Methodology

A. Spreadsheet Design

A spreadsheet was created using Microsoft Excel 2010 to evalu-
ate the drip irrigation laterals performance under certain operating
pressure head. The spreadsheet contains three worksheets. The
first one called inputs and evaluation, on which the required input
data, outputs and a chart for emitters’ flow rate distribution along
lateral. The second one contains a chart to conclude the statistical
relationship between emitter flow rate and operating pressure
head. The third worksheet is a user guide help worksheet to ex-
plain how to use the spreadsheet step by step and clarifying the
listed abbreviations and concepts which may face the user of the
spreadsheet. Figure.1 a, b, and ¢ shows the three worksheets.
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Fig. 1c-
Fig.1- Worksheets used in the evaluation spreadsheet- a- Input
data and uniformity parameters calculation worksheet b-Flow rate-
pressure head diagram. c- Help worksheet.
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B. Input data and values checking

The required input data includes number of decided emitters’ sam-
ples, sampling time, number of emitters per emission point and
the collected water samples’ volumes. The water samples’ volume
should be put in ml. The spreadsheet deals with 16, 20, 24, and
28 sample of collected water. If the user reached the last cell he
should use for his samples, he will be notified by a comment to
stop. At the number of samples input cell, the user will be notified
to choose a number from the previously mentioned compatible
numbers of samples. If the user tried to input a different number
instead of the mentioned numbers, he will be notified by a mes-
sage that his input is wrong. The spreadsheet is designed to deal
with number of emission point greater than zero otherwise the
user will be notified to change this value. The sampling time
should be entered in minutes or fractions of minutes. If the entered
time value is less or equals zero, the cell will turn into red color
and strikethrough to notify the user for the error. Depending on
samples’ volume and sampling time, the flow rate for each emitter
will be calculated in Ih-1 unit and show the flow rates in descending
way in dependent cells. Figure.3 shows the input data worksheet.

C. Outputs

The spreadsheet user will calculate and show the Uniformity coef-
ficient, Manufacturers’ coefficient of variation. Distribution uni-
formity, emission uniformity, emitters’ flow rate variation, average
emitters’ flow rate |h-', descending flow rate distribution along
lateral, and average of low quarter emitters’ flow rates. Theoreti-
cally the flow rate distribution along lateral is descending. A chart
describing the flow rate distribution depending on the order of
emitters’ flow rates along lateral which is put by the user com-
pared to theoretical distribution (Flow rates reduces towards the
end of lateral) will be shown to the user in order to help him if he
has a problem in a certain emission point like partial clogging or
landscape,..etc (Figure 1a).

D. Uniformity Parameters
The uniformity parameters including Uniformity coefficient (UC),
Statistical uniformity Us, Distribution uniformity (DU), Emission

uniformity (EU), Manufacturing coefficient of variation (CV), and
emitter flow rate variation (qvar) Were used to evaluate the drip
irrigation system performance. The degree of emitter flow variation
is expressed by the uniformity coefficient as defined by the follow-
ing equation [24]:-

UCI[M]XIOO 1

g <72

Where n = number of observed emitter or cans, gi = emitter flow
rate, |h-', g° = average of emitters flow rates, Ih-!. Statistical uni-
formity was calculated using equation 2 [25]. By using the statisti-
cal treatment, all of the various factors such as emitter manufac-
turing variation, lateral line friction, elevation difference, and emit-
ter plugging are included [12].

U, =100(1—U ).ccveeeennn.. 2

The emitter manufacturer’s coefficient of variation was calculated
as follows [10]:-

Where:-

Sq = standard deviation of emitters flow rate.

The emitter manufacturer’s coefficient of variation is a measure of
the variability of discharge of a random sample of a given make,
model and size of emitter, as produced by the manufacturer and
before any field operation or aging has taken place [26]. The emit-
ters’ flow rate variation was calculated using the following equa-
tion [25].

qvﬂrzmxloo ........... a4

Where gmax= maximum emitter flow rate |h-1, and qmin= minimum
emitter flow rate , Ih-'. Distribution uniformity was calculated using
the following equation [27]: -

DU —100x Lo

%14 _mean of lowest one-fourth of emitter flow rates, lh-".
Emission uniformity expresses the uniformity of emitters under
constant pressure [28]. The emission uniformity in percent was
calculated by the following formula [29]:
Eu =100 — Y27V G 6

Np : q
Where:-Np= the number of emitters per plant.
2.3 Flow rate- Pressure head relationship
Flow rate — pressure relationship was calculated by using equa-
tion 7[29]:

Where: -

h = operating pressure head in meters, x = emitter discharge ex-
ponent, and k = emitter discharge coefficient.

The emitter exponent shows how the emitter flow rate will be af-
fected by pressure variation. The exponent of discharge (x) is
affected by the type of emitter, the lower the value of x; the less
the discharge will be affected by pressure variation. Emitter with
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exponent less than 0.5 is considered pressure compensating
emitter. When x approaches 1 the emitter is considered laminar
flow type or non-compensating emitter [30]. Six operating pres-
sure head and the facing values of emitters’ flow rates average
will be put in a table in the input data worksheet. A chart describ-
ing the relationship between the logarithm of operating pressure
head on the horizontal axis and the logarithm of emitter flow rate
on the vertical axis will be shown on g-h relationship worksheet
(Figure 1b). An exponential trend line will describe the relationship
as shown in equation 7. The equation and R squared will be
shown on the chart.

E. Uniformity parameters evaluation

Us, EU, and CV were evaluated in order to evaluate the hydraulic
performance of the system at certain operating pressure head.
American Society of Agricultural Engineers [31] recommended a
classification of manufacturer's coefficient of variation. Table 1
lists the recommendations for classifying the manufacturer’'s coef-
ficient of variation.

Table 1- Classification of CV values range

Emitter type Cv range Classification
Point source <0.05 Good
0.05t00.10 Average
0.10t0 0.15 Marginal
>0.15 Unacceptable
Line source <0.10 Good
0.10 t0 0.120 Average
>0.2 Marginal to Unacceptable

The general criteria for EU values are shown in table 2 [32].

Table 2- General criteria for EU

Evaluation
90% or greater Excellent
80-90% Good
70-80% Fair
Less than 70% Poor

The general criteria for an acceptable statistical uniformity coeffi-
cient are shown in table 3 [9].

Table 3- Values of statistical uniformity and its evaluation

Evaluation
90% or greater Excellent
80-90% Very good
70-80% Fair
60-70% Poor
Less than 60% Unacceptable

F. System Development

A questionnaire was prepared to ask possible interested users to
evaluate the spreadsheet (Table 5, Annex A). A Sample of 10
interested persons in drip irrigation study varied between master
and Ph.D. degrees holders. This questionnaire also was designed
to get a sight for the suggested future work. The spreadsheet
purpose and use method was explained before applying the ques-
tionnaire. It was asked from the specialists to evaluate how helpful
do they expect the spreadsheet will be for farmers and farming
objectives. They were also requested to evaluate the interface,
how easy is the data input, how are their satisfied to the outputs,
outputs printout, and the help worksheet. They were asked to

evaluate the previously mentioned indicators as spreadsheet fea-
tures indicators with a value from 0 to 10. The average of each
indicator was used to describe the final user opinion about each
system feature indicator. A rate for each indicator values was put
and explained to the sample persons to take into consider during
evaluation. Table 4 shows the rate which is equivalent for each
range of degrees. A case study of 20 water samples was given to
the researchers to calculate the uniformity measures and compare
the results they got with the spreadsheet results in order to evalu-
ate the spreadsheet accuracy and calculation speed. The average
of difference percentage between the spreadsheet and their cal-
culations was used to evaluate the accuracy. They evaluation
samples used the spreadsheet also in order to compare calcula-
tion time.

Table 4- Rates equivalent to evaluation indicators degrees in us-
ers questionnaire

Value range 049 0564 6574 7.5-85 8.5-100
Rate fail Poor Good Verygood  Excellent
Results

Figure 3 shows the degree of each features indicators. The help
worksheet had the highest degree (9.5) while checking values
help had the lowest one (7.5). The questionnaire analysis showed
that, the researcher found the spreadsheet Excellent for farming
objects. The average of all indicators was 8.7 which will give ex-
cellent rate for this spreadsheet application. The calculation of the
spreadsheet agreed with the calculations of the researchers. The
uniformity parameters and evaluation took 82 minutes in average
while the calculation with the spreadsheet took 3 minutes in aver-
age including printout.

10 -

O =~ N Wk OO N O0O©O
PR S T T T TR S S T

help outputs Qutput Checking Ease ofdata Interface Farming
worksheet printout  satisfactory values help input objectives

Fig. 3- Spreadsheet evaluation indicators comparison

Discussion

This spreadsheet gave a useful utility to calculate and evaluate
the drip irrigation system uniformity parameters. The evaluation of
the spreadsheet showed that all the indicators used showed a rate
between very good and excellent. The major advantages of using
Excel spreadsheet like the possibility of calculations setup, chang-
ing cell values and watching the effect [16,17]_was successfully
used in this spreadsheet design and achievement. The University
of California 2011 introduced a worksheet for emission uniformity
calculation and evaluation [19]. In this work the CV, EU, DU, UC,
Us, and qvar Were calculated in addition to the evaluation of EU,
Us, and CV. The emitter exponent calculation and charts support
were also provided. Help worksheet which had the highest degree
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is considered one of the main features of this spreadsheet. This
spreadsheet may also help if combined with a crop productivity
simulation model in order to put the effect of drip irrigation system
uniformity parameters in consider as one of the most important
factors affecting the crop yield although it is neglected in most
simulation models [18]. The checking values support of this
spreadsheet should be improved as it had the lowest degree with
using some advanced methods like macros which is supported by
the Excel program in order to give the user higher possibility to
check his values without making effect on calculations if wrong.
The evaluators gave a rate excellent for the farming object which
may mean it is useful to ensure the good performance of the drip
irrigation system to avoid lack of crops [14,15] and to take reaction
towards any design or operating problems if exists [9].

Conclusion

An interactive Microsoft excel 2010 spreadsheet was successfully
created in order to evaluate the drip irrigation system hydraulic
performance. The spreadsheet was designed to provide the user
with Friendly user interface, easy data input supported with input
values check, giving more clarification for emitters’ flow distribu-
tion supported with charts, and Easy printable outputs. The uni-
formity parameters Included Uniformity coefficient, statistical uni-
formity, manufacturer’s coefficient of variation, emitters’ flow rate
variation, distribution uniformity, and emission uniformity. Emitter
exponent also can be calculated by this spreadsheet. A user
guide help sheet is also provided. The spreadsheet was evaluated
by drip irrigation interested researchers in the drip irrigation field. It
was observed that the checking values feature had the lowest
degree which made a very good rate while the help spread sheet
had the maximum degree with an excellent rate. The spreadsheet
was evaluated in general as excellent. The spreadsheet calcula-
tions agreed with evaluators calculations and saved time of calcu-
lation time. There should be some improvements on checking
values like the spreadsheet should stop calculations with wrong
input values. A wider range of emitter samples is also required.

Table 5- Spreadsheet evaluation questionnaire

Name

Degree (M.Sc.-Ph.D.)
Do you know how to evaluate drip irriga-
tion system?

Were you interested in system hydraulic
performance during your study?

If yes how did you calculate them? Manual - calculator- computer
model (Other, please specify)-
Do you find this spreadsheet model helpful

for your research field?

Please give a degree from 0 to 10 for the

following items:

Farming objectives

Interface

Ease of data input

Output satisfaction

Outputs print out

Help worksheet

Accuracy

Speed

Suggested future work and modifications.
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