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(Bowles, 1996)

(4l y yk0) (5713388 oy po
Permeability coefficient (m/s)
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Table 2- Geometric and hydraulic characteristics at each reach

Reach Geometric cross section (rl%) Y, (M) z (y:' *_(nlg%)*) (mis) ! (m/m)
1 4 1.73 15 2 1.11 0.00033
2 v . 3 1.64 15 2 1.09 0.00033
3 " i " . 3 1.54 15 2 1.00 0.00033
4 : 3 143 15 2 0.96 0.00033
5 b 3 1.38 15 2 0.92 0.00033
6 3 1.28 15 2 0.88  0.00033
7 3 1.20 15 2 0.85 0.00033

* Freeboard
** Average Velocity
** Longitudinal Slope
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Table 3- Geotechnical characteristics of soil along the canal path
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Type Saturated water content Residual water content Permeability coefficient
(m¥m?) (m¥m?) (m/s)
) 0.005 0.0005 5x107 1

205m
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Fig. 3- Modeled cross section in reach No. 2 and elementing
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Table 4- Seepage rate results simulated with the SEEP/W model along the Moghan Canal
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Table 6- Seepage rate results for k, and the ratio of ky/ky
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ool wl b aS w8l (plp 8 sgu>) plpy o U
Anlss ey BB Sl (pl 48,5 500 LT S
.\bj.g
OLSLl & Jgas 50 ooel s 45 polie 4 axgi b
5 ol Gl an gls (o Blas g 2STas g5 85
Aoz B SL i wlas pdded oy Sals
oo L gildae) ool Jas jo oud bl polis
Jacie Uy ol ky ke 9 8103V <7 L ol 6 i dei
dpd o i Egoge (pl sl 3,915 BB 55 (V goae
a5 w51 ool w5 (Neal Ll il vezg s @
R N W Ry JOSpST
€935 (Movahedan et al., 2010) S5 Jdg, ;01,2
9 S o2 LT ) o0 i 5 el D i
2 s s A o (B iy o Sl 4 il
Wi s 0 S a5 (SiSS935 Slogax
5 solre (Salil 5 s pdudek cupe Gl wile
g olar Dot Gl Gl s S s erse g8
P s o Ood a5 39k oo SlS

G35 GGl (JUT by 50 (6 188 gay aiile Jalge

A

oo b S pllae gl m F Jsar wazgi L

oy gy oia) 4l e Bx VT (6350
Sate (S Ly, olaael jo wloy, SIS 51 6 i
Sl3l A 59, 2 md YEOIE x Vo7 5lond acule il
= YOAYAS VT e 4 /) Sleonl S
o3l s el ooy ) Slaeal cd Sl3l 4 5,
JSa e ade @) plp Ve U Sleoal coed oS
o=l P9l Ol 59 s el Wil (o0 (1953 Jalge
Old 00 Jhle 4 0sh pln YIVE 050> U UK
SIS b eS SLas pdudedi )3 (6 pdydsdl Connd
Col Jlo o cplcdls walss gl 5 oo 0 (s0gume
) Fter S pddedi ) Slawal S il oS
g dadle> 5 pugusre gl lade oy yo (A x Voo
P N PSR WS ROVU- SN SN PRE I
a5l Slewal Cond Jlade s glil a4 5 4l
YAYEIE x Vo5l O sgars 2l b oel s olpee
Serg Ll 0dsy 35, d Yo AYA/Z x 1+ e
J=e adilocls o wllas jl Cglee sloas o b Gl

) G35 e Sl S U il e 5 53



VAYE 0o VYRR Gl A 0,Lodd V) e/ S05 5 (6l (SW03le pwtige Cligios

oo Olyss (6,105 150 e b)) jekaie 4

Ll 00 4\3‘)‘ 9 L)"?‘)" \ l.iw ‘g}“’ﬂ‘)" U‘JM 5 alises

sl 0551y S plsie 4) Gagly Gl JBla 5 Sl

Sglde (6 pdydets culpd sl (ildoe 4 5Ls e g

Sgr dlem> oo s BB U cpl o

0E+0 =

0E+0 1E-7 2E-7 3E-7 4E-7

3E+7

JEs7 y = 3E+13x - LE+06_&>
x5
o] ke} <
2 d 27 §= 2E+13x - 1E+061 o1
3 % O] —0—0.7
= & e+ 196 -
Ti: & 1E+7 2 6 05
xa Y = 1E+13x - 5309 03
R D
-

SE+6 y = SE+12x - 250844 —*—0.1

(45U 32 yio) (5 p2ds3085 s po

5E-7 6E-7 TE-7 8E-7 9E-7

permeability coefficient (m/s)

S 50 62345985 cu pb Ol Sl3l & gl o Ol i -V S
Fig. 7- Seepage rate changes for permeability coefficient in soil

3150 50 eaal g 4 (IS Ggmy g iulw,8) alise
oopon L goga> U g g5ladan an 5Ls g0 Do

85 et adgl 0,91 5 S lgie 4 S 5l gos o

S 5 A
JUE 5l (srand 5o Gagly Ol 0500 ke &
YE s Jsb b glie cis gl Lol S
oo Sleand olyie 4 SEEPIW Jas I ¢ segls
Solol coyo g e giladoe mli ol eolatyl
Vo ol 4 (Bl 5 pds b oaws o lis CRM
pdboles! glas aue Glaie @ (axlg +/)) sy
Syse JUB 5 Ghels Ol eSS 50 550 e
3easlaawody mls syl oYL ClllB adlas
o el )by ple el SEEPIW Jaw jo (g5lwans
als lis «gloyam Ol Hlid o Sdgjaue Lol 5 wile
L Al Sses obels eSul s
S B3gaze ;3 gasay el )l (nl el (g yone

Y

o0 0,L51 55 B a5 jeblen o ¥V JSE L gllas

S5 Glei oo Jloged o 10l Dl pss A Az gl b el
Sl 0 S pded o Slueal Cond Ol sy oS
oS sl g pandes jo (ky/kx) 2 9 Seb sl
aS > o0l Gl oy (s0gue ngl.\ff.,b
o) les pdudea jo s opl o Sl o il
Ot ol & 09y dalsS S mgme (gl (e 00,
loalalas o il 3 Gl 50 Coms onl 6 08 56 e
aS el oads Gl Y S jloged 10 Cand o 4 by yo
ol Y adoles yo Soad (oS soges job 4
Ol Gladlolas 4y a2 g b 5 5 ¥ JSCS (lal 2 nal b
2 Spdadeis polie ymSojlasl L s plg oo 0us
g Slallas as a > L aS) calize sy 10 oo
J=Boal A3 sloasged o ol o éLmu...:La)T

sloedsay £585 Sygo jo 1) gl (00 Sl (g s



e 31 830 U (5,Lal (S JUIS )3 sl 5 3yl jwe oot 9 5l

Sod 4 axgi b awo oo lis (giod (pl (o asdlae
5 ol d 5 SIS Cgm ) aiile alidee slaosusy 93
nolie il 4 (Ry) s pdydsds curd i (nlnlo
odd a3 )3 Jla jo jlade b awglis o) ky fky i
Ol cae 5o 40 (Gudizs opl JUIS Logl s 0,60 0 4o
Se olge @) Ghgls Ol Jlas g 2Slas (e
JU" ol 5o (jladie plosil 4y 5L go el 951
Sleogar 029 L oadl &5 cul ot LB
0O S A glad o oy 4 S (SSS e o
Olye @ gpolie ez 85 Sl s WS L
Sl 5l e laax el e SYleixl sl
099 .\.Cb‘jpu o
il o s iz £s3s Jlais! pals ol
el jhaiedy JUIS o slaal jo  SuSTg55 5.8
3 pe du 0 ohgh (9ol pe b (SSeal i
S5 slasl S o

ch&A B )b

S Silwes i Jro pgY Slages (285050
So5lgm Can (pS Glaculbis ,0) Sulé L S
Soge 30 Gleww 3,5 (ol glacuwlbs o) S
slagidy 5l esliiwl y (owlidime; (2)lse S92
Olees’s 5 Sl e g 8 B anjesS

g oy Las we (Bahramloo et al., 2017)

GBS ol 4 Cwend (ol Ll e yo 9 JUS
4l ol o ol ge Sy cnlale 5 ool ity
solys i JUB ghie LS slaojlaz 4y Cons
g &S ColeSy Sy RS e (il ey
Gt 38 ee Sloy i b gy (S JUB 6l
iy el 5 (3l s slos 2 By o5 00
o il ozl ollasdle 5 goladl i sla el
el o ond oolitul Jludect Jdo drwgs b il L
O CUNEITIP R R S
slazls oBass 5l ooly ol els ol
il abpll ahrl olasdle 5 golamdl (3
O g0

ol Jlad Jlake gSlas aS ol las G ol
2 09zge ol Bes plpy T U Y Glhe 4 5 (gloyie
B by ol slael o g JUIS S @y e (UL
@ 5l sl al)) sy plo ogdee Jol>
2 ol wll gy xS e gl e o)l
s JUls SLEl )3 (o258) ot Cusdys (e
2505 3,Skes (n Folio & gliws jslateas skl
VIR

5 Jila 050 polate 4 (agl (g3ludae drwgs

Syze JUB 5o ae he pe Al Ol ST

Fosy

Ahuchaogu, I., Etim, I., & Anwana, E. (2015). Evaluation of seepage losses in an earth line canal: A case

study of university of Uyo Farm, Uyo, Nigeria. International Journal of Engineering Sciences and

Management Research, 2(2), 2349-6193.

Akkuzu, E. (2012). Usefulness of empirical equations in assessing canal losses through seepage in
concrete-lined canal. Journal of Irrigation and Drainage Engineering, 138(5), 455.

Anon. 2004. Studies of main canal coverage and modification of main network structures, Ardebil Regional
Water Company, Office of Operation Management of Moghan Plain Irrigation Network, Yekom
Consultant Engineers. Research Rep. (in Persian)

Anon. 2014. Geotechnical modeling of the embankment section of Moghan channel in the channel path,
Ardebil Regional Water Company, Office of Operation Management of Moghan Plain Irrigation
Network, Yekom Consultant Engineers. Research Rep. (in Persian)

Yy



VAYE 0o VYRR Gl A 0,Lodd V) e/ S05 5 (6l (SW03le pwtige Cligios

Azari Fard Jahromi, H., Shahrokhnia, M. A., & Sanaee Jahromi, S. (2016). Estimation of seepage in lined
irrigation channels of Marvdasht plain using SEEP/W and MSEEP models. Iranian journal of
irrigation and drainage, 6 (9), 948-959. (in Persian)

Bahramloo, R., Abbasi, N., Mamanpoush, A.R., Akhavan, k., & Riahi, A. (2017). Evaluation of
conveyance efficiency and water seepage loss in irrigation canals with HDPE geomembrane lining in
plains of Zaiandeh-rood, Moghan and Kerman. Iranian journal of soil and water research, 4, 725-735.
(in Persian)

Bakhtiari, Z., Liaghat, A., & Rahimi, H. (2011). Laboratory and numerical assessment of Geocompsite
filter application under the bed of a laboratory canal model. Iranian journal of irrigation and drainage,
4 (3), 350-358. (in Persian)

Barkhordari, S., Hashemy Shahdany, M., & Bagherzadeh Khalkhali, A.. (2019). Performance Evaluation of
Two Strategies of “Lining” and “Automated Operation” in Reducing the Water Conveyance and
Distribution Losses within the Main Canals, Case Study of Moghan Main Canal. Journal of Water and
Soil Science, 23 (3), 141-155. (in Persian)

Barkhordari, S., Shahadany, S. H., Taghvaeian, S., Firoozfar, A., & Maestre, J. (2020). Reducing losses in
earthen agricultural water conveyance and distribution systems by employing automatic control
systems. Computers and Electronics in Agriculture, 168, 105122.

Bowles, L. (1996). Foundation analysis and design. McGraw-hill.

Katibeh, H. (2004). Seepage from lined canal using finite-element method. Journal of Irrigation and
Drainage Engineering, 130 (5), 441-444.

Mansuri, B., & Salmasi, F.. (2016). Effect of canal slope and hydraulic conductivity of soil on seepage with
Seep/w software. Iranian Water Research Journal, 10 (21), 191-189. (in Persian)

Martin, C. A., & Gates, T. K. (2014). Uncertainty of canal seepage losses estimated using flowing water
balance with acoustic Doppler devices. Journal of Hydrology, 517, 746-61.

Mohammad Rezapour Tabari, M., & Mazak Mari, M. (2016). A Simulation-Optimization Approach for
Reducing Seepage Rate in Water Conveyance Canals. Journal of Iran-water resources research, 3, 17-
30. (in Persian)

Movahedan, M., Mamanpoush, A.R., & Abbasi, N. (2010). Assessment seepage rate from irrigation canals
and water resources with geosynthetic covers. In Second national seminar on geotechnical issues for
irrigation and drainage networks. May. 23. Agricultural Technical and Engineering Research Institute
of Karaj. Iran. (in Persian)

Shamsai, A., & Mahmoudi, A. A. (2005). Three-dimensional seepage analysis in water conveyance canals.
5" Iran hydraulic conference, Iranian hydraulic association. Nov. 8-10. Faculty of engineering Shahid
Bahonar of Kerman University. Iran. (in Persian)

Taran, F., & Mahtabi, G.. (2020). Optimum layout of weep holes in concrete irrigation canals to control
uplift pressure and hydraulic gradient. Arabian Journal of Geosciences, 13 (2), 88.

Tavakoli, E., Ghorbani, B., Samadi Borujeni, H., Radfar, M., & Ghahraman, B. (2016). Modifying
empirical equations of seepage estimation using dimensional analysis (Boldaji earth canal,
Chaharmahal and Bakhtiari province). Journal of Water and Soil Conservation, 2, 106-118. (in Persian)

Van Genuchten, M. T. (1980). A closed-form equation for predicting the hydraulic conductivity of
unsaturated soils 1. Soil science society of America journal, 44 (5), 892-898.

Yao, L., Feng, S., Mao, X., Huo, Z., Kang, S., & Barry, D. A.. (2012). Coupled effects of canal lining and
multi-layered soil structure on canal seepage and soil water dynamics. Journal of hydrology, 430, 91-
102.

Y¥f



Z Irrigation and Drainage Structures Engineering Research/\Vol.21/No.80/ Autumn 2020/P: 37-54

AERI
Research Paper

Analysis and Determine of Seepage Rate in Irrigation Earthen Canal Using
Numerical Model
(Case Study: Main Canal of Moghan Plain Irrigation Network)

S. Barkhordari and S. M. Hashemi-Shahedani”

" Corresponding Author’ Associate Professor, Deptartment. of Irrigation and Drainage, College of Aburaihan,
Univ. of Tehran, Pakdasht, Iran. Email: Mehdi.hashemy@ut.ac.iran.
Received: 14 November 2019, Received: 2 June 2020

Extended Abstract

Introduction

Seepage losses are a significant portion of losses along the main earthen canals in irrigation networks. The
correct estimation of these losses will greatly help improve water productivity in the irrigation network.
Due to the high capability of numerical models such as SEEP/W to estimate seepage rates in the canals, this
method has been used as one of the most widely used in various researches (Barkhordari et al., 2019;
Mohammad Rezapour Tabari & Mazak Mari, 2016). Despite various investigations in this regard, the
seepage rate was not evaluated for the presence of heterogeneous and non-isotropic conditions in the canal
bed. Therefore, in the first step of this study, Seepage rate in the earthen canal of Moghan irrigation
network was evaluated using the SEEP/W model. In the second step, in order to further investigate and
predict the possibility of changing the hydraulic properties of the soil in the long-term, a comprehensive
assessment was carried out on the permeability coefficient.

Methodology

After collecting field data and measurements based on the existing and governing conditions (hydraulic,
geometrical data and soil geotechnical) along the Moghan canal, and also based on changes in some of
these parameters, the problem is defined in the SEEP/W model based on 7 reaches. In order to calibrate the
model, evaluation of simulated values with measured values of seepage using the CRM statistical
coefficient was considered. Then, in order to further investigate and predict the possibility of heterogeneous
and non-isotropic conditions in the soil system, a separate seepage analysis was conducted in the Moghan
canal by changing the values of k, and k, ke". To achieve this objective, a reasonable range of 5x107 to
8x10” m/s was determined for k, based on the canal bottom and side walls materials. The range of 0.1 to
unity was selected for ky ky™.

Results and Discussion

The results of the main simulated showed that the deviation of the simulated values by model seepage from
the measured values (CRM) is less than 0.1. Considering the distribution of other parameters such as the
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hydraulic gradient and pore-water pressure, concluded that due to the higher hydraulic gradient in the canal
bottom than its side walls (equal to 1.6 and 1.2 at reaches 1, 2 and 3, and also 1.4 and 1 at reaches 4, 5, 6
and 7, on the bottom and its junction with the side walls in the canal, respectively), the water outlet
potential is greater in this area. Therefore, the uniform lining of the bottom and side walls in water canal
reaches can be considered as a successful solution that is based only on modelling results. Also, the
maximum amount of pore-water pressure is at a distance of 3-4 times of the water depth in the canal,
relative to the bottom of the canal and along the vertical profile of the soil. Further, the results of seepage
analysis indicate that considering the severity of each of the long-term sedimentation and erosion
conditions, it is possible to estimate a maximum seepage rate to 20838.6x10° L/day and a minimum to
245.4x10° L/day as an initial estimate, without the need for modelling in this canal, is predictable.

Conclusions

In this study, seepage rate in the earthen canal of Moghan irrigation network was evaluated using the
SEEP/W model. The modelling results showed that the deviation of the simulated values by model seepage
from the measured values (CRM) is less than 0.1. Then, in order to further investigate and predict the
possibility of changing the hydraulic properties of the soil in the long-term, due to the possibility of
heterogeneous and non-isotropic conditions in the soil system, a comprehensive assessment was carried out
on the permeability coefficient. The results of this analysis indicate that considering the severity of each of
the long-term sedimentation and erosion conditions, it is possible to estimate a maximum seepage rate to
20838.6x10° L/day and a minimum to 245.4x10° L/day as an initial estimate, without the need for
modelling in this canal, is predictable. Also, the results of this model regarding the distribution of other
parameters such as hydraulic gradient and pore-water pressure, showed that the maximum amount of
hydraulic gradient was 1.4 to 1.6 in the bottom and also at the junction with the side walls of the canal.
Also, the maximum amount of pore-water pressure is at a distance of 3-4 times of the water depth in the
canal, relative to the bottom of the canal and along with the vertical profile of the soil.
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