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ABSTRACT 
 
 Determining water advancing time in the furrow, in order to precisely estimate the designing parameters, is 
among the most fundamental subjects in studying furrow irrigation. There are two solutions applied in this 
research to estimate water advancing time in the furrow. It  was first calculated by Clemmens(2007) improved 
volume balance model and then by Elliot and walkers (1982) two-point method. The present research was done 
on a triangular section furrow with a length of 25 meters and an inflow discharge of 1 to 2 liters per second. The 
furrow was divided into 25 parts and the mentioned methods were applied to calculate the water advancing time. 
The researcher also used wide screens and drew the curve indicating the water advancing. Finally the whole 
process was compared with field data advanced curve. There was an experimental furrow made in Nigeria by 
Christopher et al (2006) and it was used to evaluate and compare the results of the two above mentioned 
methods in furrow irrigation. These results proved that the output of Elliot and walker (1982) is so similar to 
field data and is more precise if compared with the first method. Therefore whenever field data is not available 
or it is too difficult to measure using it, this method is recommended to calculate the advance time and to design 
the furrow irrigation.  
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Introduction 
 
 Most of the surface irrigating systems are 
useless and are the least efficient.  This is due to 
physical limitations in manufacturing (like steep 
surfaces, shallow soil, and ineffective irrigating 
systems). A Weak designing might also play a role. 
Any way, if the surface irrigation systems were 
designed more precisely and newer methods were 
applied, their efficiency and monotony would 
increase[1,6, 7]. Nowadays related studies in order to 
control the water velocity and volume are under 
focus. Applying new surface irrigation methods is 
the only way to achieve this aim. Such methods are 
categorized based on the way of their hydraulic 
performance. In any method, there are differences 
between advance and regression curves regarding the 
water entering some specific locations which is based 
on the fact that water enters the furrow from one 
direction and flows monotonously through the path. 
The fundamental differences are rooted in the 
hydraulic performance, the size, the speed pattern, 
the basic form of the regressive and progressive 
curves, and also the discharge hydrographs. 
 In recent years the researchers have attempted 
to realize the surface watering designs, for example, 

FAO has studied this field precisely and arrived at 
some experimental formula which are presented in a 
manual. The findings are in total accordance with the 
observed data. In the same way, Clemmens and his 
colleagues (2007) claim they have a simple method 
based on Beilan's volume model for designing the 
systems. They eventually formulated some equations 
for designing border, furrow, and basin irrigating 
systems. Christopher and his colleagues (2006) used 
Fok and Bishop methods to evaluate the time of 
water advancing in the furrows and compared the 
findings with some field studies in Nigeria [2]. They 
came to this conclusion that both models give more 
accurate results than what is experienced in reality. 
Kochak Zade and his colleagues (1382) compared 
Different methods employed in Beilan's volume 
model and found that the factoring method in 
variable surface flows is more accurate in calculating 
the exact time of water advancing. Golestani and his 
colleagues (1386) used a modified version of 
Beilasn's volume model to estimate the progression 
distance and also used mean square error of estimate 
and found that by modifying this model, its accuracy 
in estimating and predicting the progression distance 
would be improved. 
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 Unluckily, a great deal of equations and 
assumptions were used in some older methods which 
had made the designing process even more 
complicated[1]. This study seeks to present some 
simple, practical, and coherent methods to be used in 
widely in modern surface irrigation systems. It is 
desired that such methods should be able to analyze 
the preliminary parameters including progression and 
regression time more closely. The case study in this 
study is to present an exact time of water advance. So 
due to the fact that the field studies are too costly, 
studying the current models and the existing 
experimental equations in order to find a more 
suitable an accurate model compared to field studies 
would be beneficial.  The outcome would be a 
substitute for field studies and it can be used in 
designing surface irrigation systems [3]. 
 
Materials And Methods 
 
 In this study, a triangular furrow with a wall 
slope (z =1) was used. The amount of sand, clay, and 
silt was respectively, 20.1%, 17.3%, and 62.65%. 
The soil in this area was composed of sandy loam 
and its volume thickness was  1.45 gr/cm3. the 

physical and hydraulic features of the furrow are as 
follows; its length (L = 25 m), the distance between 
two furrows (W = 0.8 m), input (Q = 1–2 lit/s), the 
slope ( S = 0.06), and the roughness ratio (n = 0.03). 
Considering the water infiltration equation () we 
would have: 
 
 
 
 (I) represents the congregative infiltration of 
water into the soil on cm units, (C) represents the 
fixed amount without any aspect which equals 
0.6985, the infiltration rate (K = 27 cm/hr), the 
equation capability (a = 0.78), the ratio of the 
infiltration equation (b = 0.71 cm ) and  ( opt ),the 

infiltration time on minutes which is assumed to be 
TL  if compared to the water progression time in the 
end. The given specifications regarding the materials 
are used to analyze the water progression time in the 
furrow. The detailed description of these two 
methods are given in part 3 and 4 and they are 
applied in these parts. 
 
Beilans  Modified Version of Clemmens Volume 
Model: 
 
 Beilans Modified Version of Clemmens 
Volume Model is based on the amount of penetrated 
water, the amount of the flowing water inside the 
furrow, and also their combination with the advanced 
water progression equation. The equations number 2 
– 8 are the perquisites of the equation number 1 
which are as the followings; 
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 Equation number 1 is known as the water 
progression formula. In equations from 1 to 8, the 
word (T) represents the time of preliminary advance 
on minutes for which equation number 2 is 
recommended. X shows the distance in meter, L is 
the length in meter; H is the square of water advance 
which is calculated through equation number 3. ( yV  

و zV ) represents the flowing water volume and the 

underground water volume in the furrow 
respectively. They are on cubic meter and equations 
number 3 and 4 explain them. In equations 2 to 6 the 
input discharge is ( inQ )on lit/sec units. ( LT و  2LT ) 

are respectively the time of water advance in semi 
furrows on minutes whose amounts are given in table 
number 1.  In equations 4 and 5 the flowing surface 
belongs to a triangular channel type which is 
considered to be the same for all the locations. Y is 
the normal water depth in the furrow and ( fs ) is the 

energy slope which is thought to be identical to the 
base slope ( os ). In reality, it would not be true 

concerning the non monotonous and temporary 
furrows. A basic natural error lies there. ( y و   zo ) 

are the form factor of the surface and underneath 
flow respectively. The amount of y  is usually in 

the range of 0.7-0.8. Walker and Skogerboe (1987) 
determined it it to be 0.77 [4]. Based on the 
conducted studies, the amount of ( zo ) is in the 

range of 0.1 – 0.5 and it can be calculated using 

a
op opI c kt bt  
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equation 8[3]. other variables which are not 
mentioned here are brought in table 2. Eventually, 
based on equation number 1, the time of water 

advance is a function of distance (X) and it would be 
determined using the given values. 

 
Table 1: The progression values (min) in the halfway and end regarding different input discharge 
 
Q(lit/s) Q=1 Q=1.2 Q=1.4 Q=1.6 Q=1.8 Q=2 

2LT 7.7 6.2 3.25 3.7 2.3 2.9 

LT 90 50 35 25.5 22.5 16 

 
Elliot And Walker's Two Point Method: 
 
 This method is actually equal to equation 1, but 
there s a slight difference. Elliot and Walker used the 
progression time at the end of the furrow instead of 
the preliminary time LT in that equation. In this 

method, similar to the previous model, two specific 
points including the progression time in halfway and 
end of the semi furrow ( LT و   2LT  ) based on table 

1 are needed. Having armed with such information, 
the researcher can calculate H using formula 3[5]. 
Then the fixed values for TL and L would be put in 
the following equation. The advance time in vague 
points based on the distance from each location to the 
furrow edge would be calculated. 
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Water Flow Time Equations: 
 
 The software (Excel) was used in both models 
and the time it takes for the water to reach each 
station (in minutes) was estimated using it too. The 
furrow was divided into 25 parts (each 1 meter away 
from each other). The distance values (X) were 
respectively 1.2, 1.4, 1.6, 1.8, 2 lit/s for further 
experiments. Eventually, by drawing and comparing 
the data curves in the mentioned discharges in parts 3 
and 4, the results were gained as follow; 
 
Conclusion: 
 
 Comparing the results from water advancing 
time methods with the calculated amounts in 
different discharge intakes, it was found that Elliot 

and Walker's two point model (1982) is the most 
accurate in predicting water advance time in the 
furrows. Clemmens method gives much more 
accurate results in the first half of furrow than in the 
remaining half, but generally Elliot and Walker's 
findings are more precise compared to those of 
Clemmens and another point can be extracted from 
the sketches is that the advance time would decrease 
as the discharge input increases. By changing the 
amount of input, there would be no significant 
change in both methods' precision. One of the 
sources of error in Clemmens modified version of 
Beilan's volume model (2007) is the energy slope 
( fs ) which was thought to be fixed throughout the 

period. Another limitation associated with it is that 
both methods need progression time values in the 
edge and in the end of the semi furrows ( LT و   2LT ) 

whose calculation would not be possible sometimes. 
 Different assumptions and methods used in 
various models have made the design process too 
complicated and time consuming. In most cases, the 
designer would encounter a difficult equation and he 
needs a repetitious analyzing process to solve it. So 
in these two models, Clemmens modified version of 
Beilan's volume model (2007) and Elliot - Walker's 
two point method (1982), the trial and error method 
was not applied to determine the progression time 
and its curve in the furrow, therefore, Elliot and 
Walker's model is preferred over field studies due to 
its more simplicity, practicality, and accuracy and it 
can be used in designing and evaluating the surface 
irrigation systems. 
 
 
 

 
 
 
 
 
 
 

 
 
 

 
Q= 1(lit/s)                                                               Q=1.2(lit/s) 
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Q= 1.4(lit/s)                                                       =1.6(lit/s) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Q=1.8(lit/s)                                                    Q=2(lit/s) 
 
Fig. 1: Comparing different methods in determining the water advance time (different inputs) 
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