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Introduction

The recent growth in population has led to an increase in food supply requirements which, in turn,
has resulted in an increase in groundwater exploitation. In areas where fresh and saline aquifers are
adjacent, the overexploitation of fresh groundwater leads to a decrease in fresh ground water level
and, as a result hydraulic gradient of saline groundwater towards fresh groundwater increases.
Also, a decrease in fresh groundwater level leads to a decrease in the plain discharge. This way,
the saline water cannot exit the plain and pressure head rises leading to extra waterlogging and
salinization. Interception drain is an effective solution to intercept saline flow and discharge it out
of the plain. In effect, the drainage system reduces saline water table level and prevents
waterlogging and salinization. Salt marshes of Qazvin plain, located in the south-east of Qazvin, is
facing the same problem and saline soil areas in the region have accordingly increased 10000 ha
in recent years (Saman Abrah and Kamab Pars engineers, 2010). An interception drain system was
thus implemented in the study area in order to reduce the saline water table level and prevent
waterlogging and salinization. Following the construction of the drain in the region, 99 observation
wells were also drilled around the drain in 9 sections (A-1) such that each row has 11 observation
wells so as to monitor the groundwater fluctuation and salinity. At each section, 7 wells were
located on the upslope and the remaining 4 wells were on the downslope (Sotoodehnia et al, 2014).
However, it takes a lot of money and time to measure water table level and salinity from
observation wells continuously. Modelling is indeed a cost-effective way to predict the water table
level and salinity in future. HYDRUS is a powerful tool that can be used to simulate and monitor
the drain situation reliably, but it should be calibrated for the study area. Calibration of HYDRUS
means estimating soil hydraulic and solute transport parameters that can be done with HYDRUS
inverse solution ability. Using HYDRUS-2D, Abbasi and Tajik (2007) estimated both soil
hydraulic and solute transport parameters in the field scale. They also compared the measured and
simulated values of soil moisture and salinity. Though soil moisture was almost overestimated, and
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salinity was almost underestimated, the results showed that the errors were small and the model
was accurately calibrated (Abbasi and Tajik, 2007). The main objective of this study was thus to
assess HYDRUS-2D ability for simulating solute transport in a very saline aquifer in the study
area, and also to consider saturated and unsaturated regions simultaneously. Moreover, this study
employed HYDRUS-2D to simulate salinity transport in the areas where the amounts of salinity
was extremely high. According to Latifi et al. (2020), evaporation is an effective factor in
groundwater fluctuations.

This study also examines the effect of evaporation and aquifer thickness in an inverse solution.
Aquifer thickness and evaporation have an important effect on the inverse solution due to the
statistical indexes involved. Thus, some statistical indexes were carried out to assess the accuracy
of calibration, and the results showed that the model was calibrated accurately.

Methodology

To assess the ability of HYDRUS for simulating water table level and salinity it should be
calibrated by estimating soil hydrualic and solute transport parameters. To this end, a model
geometry was defined as a rectangle with 500 m length and 107 m depth. Drain channel was
trapezoidal with a depth of 3m and 2m wide at the bottom and was located in the middle. Also, this
geometry was defined with different thicknesses (8, 32 and 107) in order to assess the effect of
aquifer thickness in an inverse solution. Then, other input data including precipitation, evaporation,
soil properties and input fluxes from the upward and downward of the drain were entered.
Moreover, the measured water table level and salinity data from August to December 2010 were
used as the inverse solution data. Evaporation was calculated by separating it from
evapotranspiration using the Aqua crop model. Besides, in one case evaporation was assumed to
be zero in order to assess the effect of evaporation in the inverse solution. Defined geometry and
boundary conditions used in this study are illustrated in Fig.(1).

250m 250m

»

+ [

(pl‘gl 1]1' 1 ,‘,||L|||’|l‘l‘lqu ru"m l'!w"”: [t
]uJ L: i h!‘ ;I,)l ?le :"f ;112 v{ iif 1[1\ .,..»l‘: ll

- R
] ! '\i""’

Y 1: b

R
v xumuh l l 1”)“n|n‘|| h{h flam [nliull UN m“«

Fig. 1- Interception drain geometry
* 1. atmospheric BC., 2- seepage face BC., 3-upstream Var.flux BC., 4- Downstream
Var.flux BC., 5- No-flux BC.

Then, sensitive soil hydraulic and solute transport parameters were recognized through
sensitivity analysis by using the equations (1). 10, 20. This way, 30% of the parameters were added
to and subtracted from the initial amount and entered as input. The sensitivity index was obtained
from running the model and was evaluated in order to determine the rate of sensitivity.

[(02—01)/0]
Sl = —""—— 1
[(2—-i1)/1] @)

04,0, and o are primary, secondary, and average outputs, while i;, i, and Tare primary,

secondary and average inputs, respectively (Hamidpour et al., 2012). Accordingly, if SI<0, the
parameter is not sensitive, if 0<SI<0.5, the parameter has low sensitivity, if 0.5<SI<1, the
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parameter is semi-sensitive, and if SI>1 the parameter is sensitive. Using 70% of data from August
to December 2010 HYDRUS, the software was calibrated. Afterwards, the calibrated model was
run for 30% of the remaining data so as to carry out validation and draw a comparison between the
simulated and measured values over the 5 months. Some statistical indices were then calculated in
order to assess the effectiveness of the calibrated model. These indices include: NRMSE, ME,
R?and CRM that can be calculated by equations (2) to (5).

(S0

NRMSE = = (2)
R? = < nExy) - E)EY) )2 @
JInEx2 = (Ex)?][nXy? - X y)?]
ME = Max|o; — p;| (4)
CRM = {;102—0;1& (5)
i=1"Y1

In these equations, p; is the simulated value, o; is the observed value, and n is the number of
data. Likewise, in equation 3, X is the first set of input data and vy is the second set of input data. If
all the simulated values were equal to the observed values, these indices were equal to 0, 1, 0 and
0, respectively. In turn, if the indexes have standard values, the model is accurately calibrated and
can be used for monitoring the drain operation. Also, if the results showed that the interception
drain can control salinity expansion it can be used as a solution for other areas facing the same
problem.

Results and Discussion
By means of equation 1, sensitive and semi-sensitive parameters were found to be residual soil
water content (6,.), saturated soil water content (6), empirical shape factors a (m~1), n and
saturated hydraulic conductivity ( K;(m day~1)), longitudinal dispersion (Disp.L (m)) and
transversal dispersion (Disp.T (m)). The results of statistical index are shown in Figure (2).
Furthermore, the results of assessing the effect of water table thickness and evaporation in the
inverse solution are shown in Table (1) and (2), respectively.

Conclusions

Evaporation in clay soils has an important effect on simulating groundwater fluctuation and
salinity. As the results showed, the model was accurately calibrated for the study area and both
water table fluctuation and salinity could be simulated and monitored reliably. Furthermore, the
results of statistical indexes showed that the aquifer thickness had an important role in the inverse
solution and the whole aquifer thickness should be thus considered. In addition, the saturated and
unsaturated areas should be simulated simultaneously as the model accuracy increased in the
unsaturated areas.
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Fig. 2- Correlation and statistical indexes between the observed and simulated water table
level and GW salinity (a: Water table level calibration, b: Water table level validation, c:
GW salinity calibration, d: GW salinity validation)

Table 1- Results of the statistical indexes for the inverse solution in the control volume with
different thicknesses

CRM R? NRMSE ME Aquifer thickness(m) No

-0.02 0.3 0.15 0.366 8 1
-0.0046 0.45 0.056 0.355 32 2
-0.0005 0.7 0.001 0.114 107 3

Table 2- Results of the statistical indexes for the inverse solution in 2 conditions with
evaporation and without it

CRM R? NRMSE ME Condition No
-0.0005 0.7 0.001 0.114 With Evp 1
-0.001 0.64 0.0013 0.248 Without EVVP 2

Acknowledgment

The authors would like to thank Imam Khomeini International university, water department for
giving us access to second version of HYDRUS-2D and dedicated license and Dr. Ramezani and
Dr. Soltani for their financial support.

References

1- Abbasi, F. and Tajik, F., 2007. estimating hydrualic and solute transport parameters by inverse solution
in field scale. journal of water and soil science-quarterly agriculture and natural resources sciences and
skills, 11(1), pp 111-122 (in Persian).

Archive of SID.ir



Archive of SID.ir

103
Estimation of Soil Hydraulic and ... Vol. 45, No. 1, 2022

3- Hamidpour, M., Afyoni, M. and Ghorbani, B., 2012. Sensitivity analysis,calibrataion and validation of
Eurosem model inorder to predicting runoff in south Karoon basin. Journal of water and soil science,
16(62), pp 49-60 (in Persian).

4- Latifi, M., Soltani, M. and Ramezani Etedali H., 2020. assess the effect of evaporation on water table
level and drainage coefficient by means of HYDRUS-2D(case study: Qazvin interception drain).
Hydrogeology (in Persian).

5- Saman Abrah and Kamab Pars engineers., 2010. Qazvin's marshland drainage studies ,approved report
(in Persian).

6- Sotoodehnia, A., Jafari, M. and Daneshkar araste, P., 2014. effects of Qazvin interception drain in
controlling salinity.lranian journal of soil and water research, 45(4), pp 447-452 (in persian)

© 2022 Shahid Chamran Universiry of Ahvaz, Ahvaz, Iran. This article is an open access
BY article  distributed under the terms and conditions of the Creative

Commons Attribution 4.0 International (CC BY 4.0 license) (http://creativecommons.org/licenses/by/4.0/).

Archive of SID.ir



Archive of SID.ir

192110 .o ( E89% Al £+ ) sl ) Goskd €0 Al

Sl (wtign 9 pole ﬁ‘rﬁ

)mw/g{#@],

HYDRUS-2D I oaliw! b wgSzo Jo (595 4 <51 Mol JES1 g Sdgsud S sl sl 3597 »
(298 cwd Pl )15 90 dxdliae)

T el Slae, gola ;YQJU:.L« 3 g ¢ gilal 4 g

'O‘J’-‘_Cﬂﬁj.;_ﬁu) e cl.a\ g;\.\‘J\ O oKsls ‘gf'.:l; c\.’.«) ‘5)')}\.&{ oAl g\;T e o) {)l; a)_)f ALl | Gwl;i:)lf il =)

Ol = ) s plol Ml o Kils ¢ acb ol s s5oslaS Sty (T dige 5 poke 65,5 Sbsbl (Jgme ol 5 =7Y
msoltani@eng.ikiu.ac.ir

O 23 ) e ool (Ml o o&ils ¢ ab e 5 655U 0lSils (T wign 5 p 5k 03,5 Ll ¥

VP N0 1 S5

ol

K3

AAERVAZ N ALALVALR VAL gEt PR

2 ot gy N 0y o5 o 53 Comsl Gal1 4 9 35w (il g 0392 (e 5 (5 y9ub I U COT youlS 1)) 51 (5 554 ekans
S35 P S g (e O Coomr a1 y9ud T QLSS HII381 9o (o2 30T @lio dagy et Cuulla WIS, 41,8 o O pgloe
U g (ol,] ghaw (oS Ciely Tl g ddld 3929 Cudd (nl (B wgi 1> &Bly (2958 ljoy9m0 )3 5o bl pal 39d 0
ol of aubg a5 suwd Gilua ] dlluie 45 gl dw Gof Ay s (WISRG (g Ly S 3] (G a6y (o] BUa HUSR Yoo e s
Nl b dilin S (53lwand joliie 4 anllas ol )3 adlbpo dilio 51 of (Bl 2,1 9 s Gwnjpj Ol e 11
ab 399 Al 43 yiSe WS b sy yial)ly (S sl Cugsb,) S Sl yiad £l yialyly (HYDRUS-2D) gt 93 g, sld
I gy 3l 03l L (Mol (0255 5 Job (S awidny) ol JUH g (Elond! (Sgpind Carlad o Sagb ) dnadido oo JSu ol
CRM 5 RENRMSE ME dlos j1 bl (5l 108U (e a8 5 11,5 omisCiomus g soximslly 3y90 ko 5 o 03 (el wgSero
o g (Zhly Al o 50 Zl JUT g (g pae (51 el g et LS nl gl b Al Juo (Seholy €83 (o) 2 12
d)uw )D J.M Cdd )gal.y Lﬁbu»bw Uil O‘J‘»‘f" .—'/"‘ c'/Av ‘~/~‘W 6’/‘,% 9 —'/"'0 c'/v c'/"\ c'/\\i )l Aﬁ)l{&
bl (St Ll 5 85 )13 o2 3590 AT (5l losd (512 (pogSire U )3 i (330 5 loBl Canlbud p3 U iz ot ans]

WWaise Jio (weSze Jo 43 st g yledul Cuolud a5 Widld Wi suwd duwlxo

(35 b S oy 5 598 Ol B (oo ( rily dmlus U] (05198
ool Wb )5 1y e jl 29,5 (2Ulgs a8 lgsel )3 dgmg0 yoi PPV

S8R Sy lisl dlge cpl 3 S (0 (2Ile 5 558 1) (SN e o ol 5 LS5 adaw 45 el abay9iS ales 1 o)
gaw S8l cage 9 03) Jureud |y €uds lyed (b 95 (Pl 5 JS Colus 2o 2 VF/Y) S yoskee VYO dgas cunl 2ol ]

Oh S g w3l b (ile a3 395 e 59 e ]
LS (o S5 )9S lsd sy ) Clule 5 558 (LS
Ll .(Saman Abrah and Kamab Pars engineers, 2010)
5039 Sa9p2 50l gl 0 Shes )] g o285 ol pglie il
dzgp g ooy Gpo piline (5)5h 5 O g Ko (s pSojlul
ol de slp el ol il (S gl (o0
MRley 2t S8 p o @V > )y e WS
3l o S 5 Ol ple )3 )13 (568 51 (HYDRUS) o)l
Siloded oYL B L1y Oyl g oMl ol Sl Blgs e 4

21 ) e og 4 5508 LSl ] (1bcidd Colus a0y ¥
% 9w jl (Jafari and Sotoodehnia, 2017) cul (¢,
S Byt 55 ] (sl lie qlie ol 5l 5 Cmen 13
2 5950595 0938 > (eips ol glie 1 edlitl @ ) ol
2 o seing ol el gy calby ol Gl e
Sagle 3 59 5 i ol slooyiu & olaplSa g o lie)sd
5 ool 9 e O] e bl el 3] a5 5 oa
dgbise o &l S 4y ped Ol (Sgpan oLalS Gl
500 B (295 ol SEalS cage Ol aw Cdl rizen

Archive of SID.ir



Archive of SID.ir

ARY]

Q4110 Lo NFY Lo ) oyles FO o) 53

ST otige ke

S Sy oyl 350y (G 5 4 65 S0y B
Lo S0 p5 ) Mol JUaml (gla ol 2502 s g 5 S 0
45,5 &0 (HYDRUS-2D) (sdargd gyl )53l 5 5 oolial
wilaie oyl 5> ons plbl liging plo b S oyl Colis .l
P S Ghgep cul gldlps g gl b plojen (gilodnd
sl e sl 00 48,5 a5 o gLl ik o cligiss ple
Silwaed QUlg5 55 (HYDRUS-2D) (simgd o9yl )l38lp 5
SV sl palie (iludnsd ogdedy Cunl 4l 55 (pl Glojn
55 (HYDRUS-2D) (simgd (g, )lj3le 5 5l oolisal b (595
g 4 015 pbol saadlas plo b adlhs ol sl )
Latifi (sladlas 3 aib o (HYDRUS) Lyog,hls 5dle
5 039 (oliwl pdaw llwgs > S50 Jolos I 4505 (2020) etal
S g i csieng ol o Sl BLY sy Ll 5
yrda oy S 5 5l ilisee lbSB cdl w8l
2 oy SLSE (Giloand > b o s 52l lie 5 0y
oy & dag b oplplo (Latifi et al., 2020) wgs 43,5 Lo
oy o3l 0 pd polie cdlllas oyl o ddlaie S il o4
GSIST 581 a5 51 ozl L (VAR 31 b slaye) (il
)5 )5 )3 55 ogSae o il 9 53 9 00 291, (Aqua crop)
B> Jloyes > 0id plool LS claadllas a5 Jbo > casl 003
allas ol 3 (izen sl odds 485 Jla5 )3 s Jale (938
55 Syt sl ey (36 )3 sl s b o 4

ol 04 did 1> 4

lbuﬁg)g 3lg0

axdllag 3590 ddkaie
5 soghS FYe 5 YA (3,8 b b s 35 pe Jjesgd
P (UTM Cus ) jieshS YaA- b YAY. Jld Loy
Sl bl g g sy J18 Lyd e I ge VIFD B VYD
d)ffo Sduud Cawg MLJLSA a)w&u»wmlal Lgl)l.) O.T)Los.)
Yeooo dyojopel Jgo0gs LS Veev e dgus dnidS (5 olj0,0 oyl
iy o aw Sl o cpl cle g anl il LS
Wil cdd (29 gl OBl g 6yed GRIB e
(Saman Abrah and Kamab Pars engineers, 2010)
2 ek Yo ok 4 (Bl (iS5 (698 (59,05 sl sskateds
Ol oy yokaie 4 g ond lisl adhaie (5,5 Jlad Caond
Saly A9 slas adlaio cpl )0 (1885 3,Sles J S 5 dwojpj
Slodd yis (16 A) [iSa; ey dg0e glaiio 4 Slialine
0iSe; CundYl (0 Sals can oS 15)b )18 Sals VY ghio j»
ol 4 Sl cpl )l J15 o canspmb o Sals Ja g

355 0,5 Wl Lol adlate K (gl oslizul I L3 Lol w8
5 S bzl 35l Gk JlBles Gl gl S
DS e g Lol dilate Sy el Ml Jlisl
oyl 5l edlazul b imgs ) (2007) Tajik 5 Abbasi
5 SB (Sspam slajzelil 2,0 4 (HYDRUS-2D) (s g0
oo 05 08 3] o 5 255y (sl 0 e 53 23U Jis
0303 )18 (gilodund 3y90 |y 2ol g Cugho (5um a3 Ll (6
oW gols cold )48 duslie 3590 005 (515035l polde L)zl 4
oMol clale 5 (s8lg Jlade g (oS Cugby e &S Wledl
g 039 Sul MBI ) Jg .ol osd 39l (ABlg Jlade jl jmeS
AbDaSi )l a0, IS (slac s blys (5 edlazul (glp Jie
5 Casky @i by sle s> (A o (and Tajik, 2007
ool ogSan Jo bl 5l laomgn oylol 3 0y ) Gl
Slos gy ool o0 odlizwl (HYDRUS-2D) (can ¢
0l Cugboy mi595 3yl 4y pg> B Jdo Cawl 00l L calises
Baride and ) cul oui 3,91y o8 ady, buwg ol Gl Jg
oole 5l wsSas Jo 3l uise» (Besharat, 2016
Sl o 9] sjlwded ol (HYDRUS-1D) (oS
Syl dalllas pl )0 ccawl odds ooliiwl j5 bpyd Sy
03) (ee35 (Sluplyy Cug) 9 liil § (Saedsy colps g Gl
S gilwand o Jde ¢l godimd Hlis ol gl 5 Llosds
5500 ladlls > (Sayad et al., 2013) ol sdgs Slyis g0
oosee ol SB(Sdgph culin Sl oy pslaied,
g5 oxs odlizwl (HYDRUS-1D) (sancSs (woyla ljéle 5
g0 Sl Cos mypd S el cpl ey Sl
P oegSae o gy o i @bt sl 43,5518 (gilodnd
O3S Glp lie B9y Mo (SI sloodls g2y &9
Zakerinia et ) 1sb bl Sloy Ol 9 (Sdgyid sla S
aiate ) Mol 5 ol JUisl 5 b ingg 5l 3 50 <@l 2007
WS )18 (ilodend 3y90 (500 sloylBle 5 e (0938 i 98
Sy gilwdndd sl (SEEPIW) gdsd—cams Jdo (g} 53 cCans]
—OFe Jhe g (9 Cubs Pl iSa) S g bl gdaw
3 w8 5590 2ol JUi] g jlodund (lys (Clran/w) selss
aslg oYL i b Jao opl Wloaly ol gl 5 cuwl @3S
5500 ladllas > (Jafari, 2011) w8 jlodus 1) adlate byl ps
3,8 51,8 (ModFlow) ¢ldsls ,158ls 5 b (gjlwdud Co dalaio
55 Jde ol &8 ol L5 o0 dpaslne (gl (gla a3 s o ol
il aw l5 e85 b g oad o)l adate (ly (a9
(Ghorbani et al., 2016) cul 03,5 (¢jloduis
£l Jlasl 5 (Sgyum (slo ol (3pe55 Bam alis (>
ol Gl a3 cbd Hlieyed bl iSe; wlis! adhis )

Archive of SID.ir



Archive of SID.ir

DOI: 10.22055/1JISE.2021.36752.1962

\o#
s Sasken sl el 3557 018 5 ik

5 cadVl j 3935 el 5 s SB Clogad (cwl
il i (¥) USG5 53 5 3o ol 3] o5 & 505 el
Olgieds e gy Slodds yastiio geis g 5l cdus <90 oS5 dlael b &S
ojlel & i o @5 0 g0 ol ) 5 & (el iy
by 5L YU 3l (6399 by Sl cms e 1y O 395 ¢
Sl an 9 o3l 48 i 3585 Y 5 sl S 5029
Slodds iy yx 138lp 55 (gl cdmd ol
(P S0 § (el il IGT

» ol maw pody ond (cpSeilul claodly soy Ve
J3dle 5 woSae o (elp WA ST B aldpe 51 Slaalie clacSals
U L3S &8 S s (g cslojiall 5 o ool
Sdgrien oyl Wb oo 3ygly wload jasute Comlus
gmday ™) Ks ()nm™1) a (=) O «(—) 6y Jols SK-
Cugby «SB- osilo B gy oimd (L cuipdy oS cowl () |
Aol dgn 39y9 dall ) iSe (S b lagye bl (S gl
Al g gl (Sdgpan colin (b aasule ke JS5
b yiol )b ol U1 alye o abl o S Mol (Siwew
gl B g SIS 8 osSxo o 3590 9 00 Al ol
Comolue Cuol 0ad plos] lodly dudy o> Vo b 50 Srwwcons

Do so o (V) datly 4 dog b o el oyl

[(02-01)/0]
Sl = ———— \
[(Iz-11)/1] ( )

adgl i iy s Ty Ty Iy g (255 yl)l bawgio s 5l
(Hamidpour et al., 2012) sl (534,9 yiol)ly lawgio g 4555
i g 390 alol g o5 Lopd Ve g Ve Ve lagiel )l (olod &
Qg.l Q\},,o 45‘;)9@)3 Dy o dnwlre Lm‘_'j ly Sl o>l
sobly o 4 s Jro sl /0 b jho gyl lp pasls
Sl g olesdos ;o OB /0 Jlade )15 (o8 Coples
Sl gl 33 ol 03 (5 S J 5350 ol 5 55
il weSae J> 5| w (Hamidpour et al., 2012)
NBleys 3 sl ©jgot (woSae Jo bt «SB- (Sgyien
£ JUi5l ol (sl el sl 13le 5 1500 b 50 03 3
P9 oo (Rt g (Friwly JE Al po 3 008 1S3 (ho) Billae
(m) Disp.L (M m™3) Bulk.D _Jols Mol JUsl (sla el )by
(m?day~1) Diffus.W ) Thlomb (-) Frac (m) Disp.T
oo JB 5l a5 )ke cui a5 el (m?day ) Diffus.G
i aode oo (o0 Sty (Jib (Siudisy S
O cups g L Ol Jeslse Sy cups S pote et
e 5 o Sy 3 e i ) S slop > JSlse

e YO N g CawndYl o el evr 500 FOe Nev e YO AN
Gl Gos i 5l alalo g a5 8 cundimly o gye YO g
Slass 18 Gl g lpdiae 390 )98 9 (Swein
sloodls 5l adllae pl ,> (Sotoodehnia et al, 2014)
a1y cul ouds odlaiwl B glaie 3 dgpge s Sl

Sl (635,56 oV b (iS5 e slil 3 (5,5,1,8
s BU L B alhis cundVl p 2390 slacSals )l o] 5
03> L5 BD code b B alate cawd ol 0 09350 (s Sal>
o 9 BUZ BUL Cjgo 4 (iSaj jl dlols 4 dagi b g o
B8y ore calllas 350 dilaio (V) JS5 jo ledds (5,150

ol 0 asuie Slalie sbSaly § ablio « iSa;

(HYDRUS-2D) sus93 syl 5131 5
Gilwded gy jading o Jae (HYDRUS) wgynla
Simunek Lawgs oS cawl (gdndu g (singd Joxbio (sbalasno ;3
318508 0315 Lauy 14 yol S5 (4045 0lSslajl 5 4(2006) etal
elail glalazs o b (gjlwand dl)-.’ (HYDRUS) ooayle
Nl 5 el JUasl giloand slp g 2)bm, sladsle
(Simiinek etal., 2011) xS 0 osbil Lz Ui sl
SE Sy gl il a5 Jao ol o Shy 5l S
Jie il b gSre > gy & Mol Jlal (la el g
€9 s dgme glil by jl oS sladilee (o30e S (4l
—S iy gy Jl el (siledinge (sl g (Galerkin) .S Jl
ooSae o S e eolawl (Levenberg-Marquardt) <ylsS'yle
slp 2Rl 5 las )i laadlbs 5l gylawr > Jao pl
Cols) s o) @l 5 48, 5 el (a3 5 (giludinge
(Ghobadian et al., 2014) el 03gs i

Ob 7> 4dwlid Cyusd
el Jisl 5 (Sdgna slagiabl osSes o sl
Jioa95 oyl Gas 9o iy ddlate (g tegy Ll J58le
9 wJYl} o Yo wim) )AJL &‘.xw 9009 yo A\Ra% O"9)£ Cudd
o3y L5 (V) UK )3 9 0,80 p 0 1y o Camdpml yie YO
YO« 5l 590 Juolsd 039550 sl Saly (slaodly aw)p ol 00
Yerr g 0vv ol jd uol odb i iSa; cundYl o jie
Rl g (altun] o (I (ol )3 (Sl 23T S syt

(Ghorbani et al., 2016) >)l% (s 9
()w ‘U“’)L’) @Mlsl saodly dles | Ubd.!”g )iL.o g
aibio > SB g O YU jlww )98 Jos 4 conl S5 4 p5Y)

Fuo 3y5 Ol g 4Bl g addaie ol )3 (g5ygliS ljeyed

Archive of SID.ir


https://dx.doi.org/10.22055/jise.2021.36752.1962

Archive of SID.ir

ARN%

Q4110 Lo NFY Lo ) oyles FO o) 53

ol oo ke

il sy Jho ohlS (o)l (sloadli dule b g o
o3 5 o pmSls 51558 o 1B iomis 3590 2l 5 i
ol 005 0,8 ailaie ey Jhe A3l o3 gly b )90
() slodblee Gb asdlae ol 55 odlitul 3)50 (5lel (glayasls
Ole oo Lo s 0uimd LS G e 9 N9 oo drloxs (0) U

oblo Bl p 2 cupd g (Stser 0dd Jloy @pe slad

350000

400000

sboodls | g Bud #Bly weSae Jo 3y50 5 ok adlis Lol
S99 Olysar 55 Fhaalie cbSaly jlord (gSejlul )9
sp3lis < o yosSan S plail 5 day ol 015 o2litiol ugSine I
N38le 5 2,lg el JUimh g (Sdgyden (slojtolyly (sl ool Casdey
slazgp 93980 12l paiite ©ygobs l8le 5 )b cnl 5 0rd
dulio Slhalie slSaly ;5 ol (6pSojlul polie L jl38le 5

450000

g
=
N
3| ..'rL _ s
¥ 1 rE
b4
’ H
s
; Legend E
g 5
; Qv [
3 Marshland - r E
-E‘ SAMMMHY 350000 ETTTTY AS0000

3930500 «L/ . o

3976800
3972800

3963300 o

« 1000 meter of Drain

Upslope wells at 10,
25, 50, 100, 250, 500,

Downslope wells
at 10, 25, 50, 250
meter of Drain

Legend

- Drasin path

Counter lines
Wells placing

3964800 -~

433000 442000

443000 452000

Fig. 1- Drain location, sections and observation wells
Slonlin S cSal> g ablio ( iKa) 6 5o S Jowo -1 UKD

Archive of SID.ir



Archive of SID.ir

DOI: 10.22055/JISE.2021.36752.1962

ARV
s Sasken sl el 3557 5101 5 ik

250 m

A
Ay

Z

250 m

A
v

107 m

’

|
s

Fig. 2- Interception drain geometry
* 1: atmospheric BC., 2- seepage face BC., 3-upstream Var.flux BC., 4- Downstream Var.flux BC., 5- No-

flux BC.
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Table 1- Results of statistical indexes for inverse solution in control volume with different
thicknesses

No Aquifer thickness(m) ME NRMSE R?2 CRM
1 8 0.366 0.15 0.3 -0.02
2 32 0.355 0.056 0.45 -0.0046
3 107 0.114 0.001 0.7 -0.0005
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Table 2- Results of statistical indexes for inverse solution in 2 condition with evaporation and

without it

No Condition ME NRMSE R? CRM

1 With Evp 0.114 0.001 0.7 -0.0005

2 Without EVP 0.248 0.0013 0.64 -0.001
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