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Table 1- Characteristics and used parameters in furrow irrigation (10)

ool o ATV TY-N LI AP-SORPIF Y R S SRy LY E
Parameter Symbol  seriesdatal  Series data 2 Series data 3
(thls? = % 91 19
Inflow discharge
(MiN) ol dob olej T 115 110 100
Cutoff time (min)
(2) 0ne3 et So 0.25 0.72 0.66
Slope (%)
A ahsa n 0.035 0.035 0.03
Manning roughness coefficient
(M) 4> Job L 110 115 115
Furrow length
(M2 o2 W 0.6 0.65 0.65
Furrow width
P1 0.136 0.136 0.11
ol ghaio (gla el P2 2.798 2.798 2.804
Furrow cross-section parameters o1 0.359 0.351 0.315
o) 0.622 0.622 0.621
SB el Y ) Py 5 sy P
Soil texture Clay Loam Clay Loam Sandy Clay Loam




AP 60— 13T cBojlois YA al> (S gl a i Vo PY

2 3l sl 4 Sle Jlude (ST .0losis ool lis ¥ Jods jo
S9dee pasede B Joar) 395 anslre ctalejl 0,90 1w o
551y 5 ool Sl 35 gy b 3ol 5 Saaldgtn Jae o5
032 )LS A (bo) gy Ole S 3585 ddlae culps Al Cux
(2 lskwl gllas 1o )d YY/AS L) old sl 1) doncs oy i coid
bl Ol Sy gy (i goe Jio gl pien
J..\..o M_S)J 9 A_.wbu_.a (J._aa).) \'/'\c) .))DJLLol ‘_ng U))"“’S
sblad ()5S Ly )8l 9 Codl (dlatalioy (b9, 9 jo (sl
o )bgas e 034 HLS 4l WUilgi o (doyd VY/AY) 3l
N s gloodly 4 bgpye (sla)ld Jsb )3 Of spd b
T «Seelidgyias Jio s g s phded b9y &y elel
Pl g 905 Glyie 4T 9V ) S SS )3 jho (gwynl g (ol
il 030> yiuled <y g yidy duslde
9 51y 9 ol slabaiigd ((id 2 gudel sl by) Gl (il
Ol Bly palie 5l 2085l Jobo )3 1) gty polie 92 9 S
J}.Jo )l)_.uo Voo D9l G .))L?..S le alads t_<4 L)"’?) c.\.}‘o.D; 3)91)'3
503,55 39l s ) Jld (Sl U o (ol 5l g 205, Sl
ol 4231 39l i JS yob 4y oad Mol (clabati 93 b9,
Sopiay el (b 2 gundgdd 5 Sy 5 ool slalaigs (slasds,
5 lodalin slicl b gulate jlud Jobo I jio Fr dgs  8lue U 1,

izn:[oi_Pi]z (Y‘)
SE = = -
p

wd9is ¢ Sly 9 ol (slabail 93) il g gy ell
u~u59_] —u.{l».w; SYolase wl)ao c(dl)lfw.ih 9 Lo ol C)ltal
chlize sl ybyy (bl shite (Y J9a2) $a5 (e uelid
Lolp b azuge Job 50 4lbdens Ol pos Sgis (glajial)ly a5
L oSyl )5 (oadly adlidois o oo L g 5,40 ccooloiy
duolis b duwlee (295 — (63959 by S g 0 | ealatl
4,8

5 byl jo 4l g o A (15T 5 (o slan polde
Uhgy a5 A o s Jeda pl ol il oad SOY Jous
Lad s iaS gl adoyn ¥/ jlade Uy Sy g ol (glalaiigd
CiS ) (oA 2 gdel o) o) S g i) ple 4 Cons
A5yl 51,8 s ao > VV/F L (]

Sorin 4o (a5 Silwdnd > 3l slbd 5
il a5 3515 glo gl ol e b > o g
Ao oyl g ol gge «Seoludgyen sl Jre Jl Sy a0

Gl 55kl (gl Bliseo (Lo Wig, ;I el Cawd 4y Dok daleo g yiol by —F Jgua
Table 2- Infiltration equation parameters obtained via different methods in furrow irrigation

099 Vs glrodl> Yy ool Y o o313
Series data 1 Series data 2 Series data 3
Method a K fo a K fo a K fo
Sy g ol glakaiigs
Elliott and Walker 0.195 0.00757 0.195 0.152 0.0125 0.00079 0.152 0.0076 0.000547
two-point
Recycling furrow 0.155 0.0063 0.155 0.135 0.0097 0.000918 0.132 0.0096 0.000174
infiltrometer”
. %y . 0.606 0.00012 0.606 0.609 0.00066 0.000225 0.342 0.0001 0.00063
Singh and Yu
e slebi & 0.5 0.00044 0.5 0.5 0.004698 0.00048 0.5 0.000984 0.000843
Shepard one-point
J)l.,:..ﬁ [N CM..@‘ dl:da.ﬁj’b
Modified Shepard two- 0.817 0.008573 0.817 0.842 0.005648 0.000516 0.927 0.01145 0.001513
point
(V) o) Kan g ol ibana”

“Mostafazadeh et al. (18)
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Table 3- Relative error (percent) for estimating total infiltrated volume in furrow length

i 7Y) ATZOTA" Y (O (Y-SR -V PR gpSORRy PN PN ¥ S
Method Series data 1 Series data 2 Series data 3 Average
Sy s ol ey 2.02 4.46 2.41 2.9
Elliott and Walker two-point
* s 214
ol ets . 6,01 11.64 -47.47
Recycling furrow infiltrometer
" < 35.8
TG e -42.8 -62.52 2.1
Singh and Yu
s bl S 456 17 405 29.2
Shepard one-point
e o ol (slalatiyd 454 45 48.4 327
Modified Shepard two-point
(VA) LS g 03l dlane”
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Table 4- Standard error (percent) for estimating water advancing through each furrow

Y o sod1d Yo sodld Yo sodly
Series data 1 Series data 2 Series data 3
0‘39) . . w"’)"‘-l‘
Method o ) T ) T . T
Yo 5 Swelodgpid 4y i Suolydg i er PR Swolydg b
Zero-  Kinematic Hydrodynamic  zero-  Kinematic Hydrodynamic in::t?;l Kinematic Hydrodynamic
inertia wave inertia wave wave
Sl ldlaiigs
Slys
Elliott and 13.2 10.2 13.3 8.12 8.8 8.13 17.13 15.19 17.17
Walker two-
point
%u?j A_«u.uf).'
Recycling 24 19.4 24.06 7.8 6.7 7.88 23.46 22.04 23.5
furrow
infiltrometer”
"o g S
Singh and 58.76 475 58.8 73 72.2 73 70.2 69.3 70.2
Yu*
Gkt S
Shepard s, 40.62 38.9 40.7 14.1 12.9 14.2 37.45 36.6 375
one-point
C)Lol L;l:da.&'ngA
J)l,}..\i} ol
Modified 92.63 91.13 92.8 40 41.01 41.07 97.9 97.1 98
Shepard two-
point
“Mostafazadeh et al. (18)
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Table 5- Average standard error (percent) for estimating water advancing through each furrow

oY) S0 o g3 o L Saoliadg i
Method Zero-inertia  Kinematic wave Hydrodynamic
Sy ol sl 12.81 11.39 12.86
Elliott and Walker two-point
T . .z
o Sledsy . 18.42 10.04 18.48
Recycling furrow infiltrometer
sy S 67.32 63 67.3
Singh and Yu*
e slebi S 30.72 29.46 308

Shepard one-point
.))l#f: 04w CM“" 614]45593
Modified Shepard two-point

76.84 76.41 77.29
(VA) Ko g 03l ilaune”
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Figure 1- Water advance diagrams on basis of hydrodynamic model (Series data 1)
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Figure 2- Water advance diagrams on basis of Kinematic wave model (Series data 1)
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Figure 3- Water advance diagrams on basis of zero inertia model (Series data 1)
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Figure 4- Water advance diagrams on basis of Elliot and Walker two- point method (Series data 1)
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Introduction: Surface irrigation is still the most used method. For accessing to high efficiency, irrigation
requires careful design and correct implementation. In addition, the design and evaluation of these systems
require the identification of the advance, recession, and infiltration curves. Infiltration is the most important and
difficult parameter to evaluate surface irrigation systems. The objective of this study was to evaluate five
different methods to estimate infiltration parameters (two-point method of Elliott and Walker, recycling furrow
infiltrometer, Singh and Yu method, Shepard one-point method and modified Shepard et al. two-point method)
and to determine the most compatible method with design and evaluation models of furrow irrigation
(hydrodynamic, kinematic wave and zero inertia) by applying SIRMOD software.

Materials and Methods: For the simulation of the surface irrigation, the continuity and momentum
equations (Sant-Venant equations) used. SIRMOD simulation model is one of the models for the management
and design of surface irrigation systems. The software package, hydraulic hydrodynamic models, zero inertia and
kinetic wave have been placed. These models are resolvent of the Sant-Venant equations based on various
assumptions. In this study, two-point method of Elliott and Walker, recycling furrow infiltrometer, Singh and Yu
method (to calculate the coefficients of Kostiakov-Louis equation), Shepard one-point method and modified
Shepard et al. two-point method (to calculate the coefficients of Philip equation), were used for estimating
infiltration parameters. For this purpose, three field data sets were used. The total infiltrated water volume and
advance time were predicted in each infiltration method and irrigation simulation model. In order to compare and
evaluate the mentioned methods, the relative and standard errors were calculated.

Results and Discussion: According to the five methods (two-point method of Elliott and Walker, recycling
furrow infiltrometer, Singh and Yu method, Shepard one-point method and modified Shepard et al. two-point
method) Kostyakof- Louis and Philippe equations coefficients were determined. To evaluate the different
methods for estimating infiltration parameters, the volume of water penetration in the furrow length was
estimated using five named methods and the findings were compared with the actual volume of infiltrated water
in the furrows (was estimated using the input-output hydrograph). Values of relative error in estimating the
infiltrated volume in the furrows show the two-point Elliott and Walker method with 9.2 percent relative error is
the lowest error than other methods. Then recycling furrow infiltrometer (back water) method is with 21.4
percent relative error. The standard error in the simulation and predict the advance stage in furrows based on
different estimated parameters showed that hydrodynamic model by two-point Elliott and Walker method will
give the best results (with 12.86 percent standard error). Also in Kinetic Wave model, recycling furrow
infiltrometer method has the lowest standard error (10.04 percent) and zero inertia models with two-point Elliott
and Walker method have lowest standard error (12.81 percent). In Hydrodynamic and zero inertia models,
recycling furrow infiltrometer and two-point method of Elliott and Walker and Singh and Yu method have
estimated advance figures in furrow less than its actual value. Shepard et al. one-point method underestimated
about 100 meters of furrow length and overestimated from this point to the end of the furrow. Modified Shepard
et al. two-point method is generally overestimated. In the kinetic wave model, two-point Elliott and Walker and
recycling furrow infiltrometer methods numbers have been estimated to be completed in accordance with the
numbers seen in a distance of about 40 meters along the furrow and the low estimate since the end of the furrow.
Singh and Yu method overestimated. Shepard et al. one-point and Modified Shepard et al. two-point method
were like the other two models.

Conclusions: Elliott and Walker two-point method is generally the least error in the calculation of the total
volume of infiltrated water through the grooves, compared to other methods and then using rotating
penetrometer (back water) is located. In general it can be said that both recycling furrow infiltrometer and two-
point Elliott and Walker, the most appropriate methods to determine the infiltration equation parameters than
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other methods under study and using them in all three hydrodynamic, kinematic wave and zero inertia models,
the results of the simulation irrigation, have created the smallest error. In general, the Kinetic wave model than
hydrodynamic and zero inertia models, was estimated more accurately the data in water advance stage and this
trend can be seen in every five methods for estimating the infiltrated parameters. However, calculated errors in
both hydrodynamic and zero inertia models in predicting this stage of irrigation are almost equal.
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