Journal of Watershed Engineering and Management etul Co e g cwdige (oibyR- sole 4 pi
Volume 11, Issue 1, 2019, Pages 273-282 YAY-YVY Glio AYAA O o)leds )Y al>
DOI: 10.22092/ijwmse.2019.118434

s:"é u"’)'}f
) ailsl s jo (S ) @l b b AUl Azl g (55 lwadiagy

" Sl bl sumo g "8las Sy auel ( pigas Sl o Aot d
T | E s . . . . . - aof )
lezdls 'l s oBadls grnds il 5 (65,5l S «(65,5LES (555Ld g owaige 0aSLiSNS (] cwlil IS (g gl
- A P - Y’ - & - . . - . & . a . E
«839laS (5,9ld o R 0uSiils woliwl g o)l oKy ‘_,’_.L...Jo @L..A 9 65y9leS Sy ¢85S (5,9l g JPERRRERS IRVSRRY
Ol oBadls (ands wlie g (65,9l o

VAN VY iy gl VRO ONA sl s g b

oS

Copde )0 ghoip ol CoinS g e Sl 5 bolx 4 4055 Gl doely jl alss Glie » et o)l
a0 bgrye bl swinsdl] wilgi e ssain @l Gl 4SS ol Soesl Sl ey (ajns ol gl
b eSlsy eanl e Gletal JB8, i 4 Gl gcnl g Sl e @l GRS 5 (oS Sl
jl adlate o ol o515 5 wis5 o 5 il 453 53 Syzge Flanlie ool Slas sl e il 45
gl il 5d (b slp it b by (B ol 2 wblige ey 2l o b B il
Slrol> Cosdae (gilwdigs glp sl 48,5 )18 colaiul 550 o, leil cls Glgzul jo g ouls Il sy o
09958 (V g Slllae adhio (0 59250 Slaslice sbool> po 5l aige lrol> QB! (V ggs )l 50 Slanlice
A Hokaieds .Cowl ool aid I L5 o Sldllas ddhaie )0 35250 (Slaslice brol> dcgeze 4 dge Lol slaol>
99 (5 slwaings el oo solatul Kz ST Sbiygy0 5 lstul Cansy (iluand Gl L 0,50 Sledbl Sl
4S9 (RMSE) las . Sle Slaypo di, i (0505 aieS Blaal b e ol zhaw (ol 4l adon
p,03d) g aseus dlwgds (Lol cil,8 5 (6,lapSS (lasl dije Bas 000 deS B pae) ol dlasd 0405
50 Ol olpiinn (g, SaS 4y aS ol plis il awl oads 12l (NSGA-I) Golial (g5lucs o b S
i 9meS Ego 5 b 8,5 i |, LA lanlie slaoly | s3lass Jard BB <3 L syrse ool 455 S,
Dgad adlol aSll 4y ol (solaws wezge Sl o

NSGA-I ¢ ey ol golie Cu e ¢ obygyo colx 4355 dan 95 (¢ 5luwdigy (guudS sojlg

slm! Glaal szl (Soiglgig e o (oulid e dodilo
Gy s Jie Jlo glacasgame 5 4l Jols sy @l AS 5 o5 b aSs

g Sl @ bgye sladie 5 6l 5 s GxSoilal lp cuipa Slaelie ol (solaxs
molr o iy 2l Sk lasySesll 5 o laglssul o swoiny @l GBS 5 (o5 Dl
2 O9zge slool> slass b canlie Shislice slo ol hb e cwl e g loyss & jsoa
“ol 5l sl asliyy (s (sl kbl oo a5 Cordy lyul oS ez el leasi

fhmnodoushan@ut.ac.ir :olse Jgews



VAN O oleds VYl

ol S pde g (owdige (SBBg% —sede 4,85 TV

2 iy 2l Sosll wss Ban b belr 1l
gy Jow gilwange wols &l laglgsel
Slaal L (SA) fead gileand Sy p,sS
i Jlazsl oo,8 andyy Jols >Lb alfais
oo 03g)] o o ez 09 aieS ( Sl
Sl pdiges Agpa (3,5 dineS g iS5 Gl o
S sladhie jo golerin Sy 65 A b plxl
Gloolz aSis a5 ols ol S el easie YL
150 Baa wles 18,5 Jlai o | ddlate )0 39290
2,10 &g 00 ol aSlils bl g s dige

u.....uLo 4.;[4 » LSM"B) (Y"f) ul)lS.Q.m 9 Asefa
cbass b sl VM) lasay sy
Joe S Loyl asals &l e o o il

AR . .

08 4 pamie plyde ped azys iludige
lacidlis| Lasgie e slas e b oy Say
“Ohe 9 o dle s ol gl piolie
Dgd dineS 3 (6 pdy e cogate aSl ol S
ool g 1y el slacuslse (giluay oo

LY - T o
o9y Skl ogi o linl @l ez 5l oS o
2 ol gleelr ISl @ Glgiee (ooleing
ged o)Ll (e

YE cllo a5 > jo gladlaie o (V- F) Wu
ol Sl S 6>|)b WOg G)IML,M ol> ail>
S abwgts (i 2l Gl Joe edls o3Y
szl Joe 90 oS5 Jold atgy e o555l

. C Y

EF G b (eisly el by g g
ST ai 6l (SDS) M Jlae Gl gl SlSe
db}u‘ L)“)'“"‘M"‘J as ‘;Lmo&.wl 9 KW ML?!A 41..“.:
Sy pY el Glgea wils 1, L

ooy ol alb powsad bl a4 g8l

® Simulated annealing

19 Support Vector Machine

1 Uniquely solvable quadratic optimization
model

12 potentiometric surface

13 Einite-element

1% Kalman filter

15 Standard Deviation Surface
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! Hydrogeologic approach

? Statistical approach

® Simulation

* Variance-based

® Probability-based

® Optimization

" Mathematical programming model
# Monte Carlo Simulation
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19 Multicriteria analysis

! Geographic Information System

12 \ertical hydraulic gradient

3 Analytic Hierarchy Process

“ Weighted Linear Combination

!> Non-Dominated Sorting Genetic Algorithm 11
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! Ant Colony Optimization

? Inverse Distance Weighting

¥ Contour mapping

* Redesign

® Transinformation-distance curves
® Fuzzy equivalence relations

" Marginal

& Genetic programming

® Impact factor
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® parametric

% Nonparametric

10 Exponential model

1 Linear model

2 Minimum squared error estimation

13 Variance estimation

¥ Multi-Objective Evolutionary Algorithm
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! Deterministic

? Geostatistic

* Simple

* Universal

® Regression

® CoKriging

" Experimental semivariogram
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Abstract

Continuous monitoring of wells discharge and charge and groundwater quantitative and
qualitative variations is very important in groundwater resources management.
Groundwater monitoring network could provide information on quantitative and
qualitative variations in groundwater situations. Hence it would be used to predict the
behavior of the aquifer in the future. This study describes an optimizing method to
design the optimum groundwater-level monitoring network in aquifer of Eshtehard
Plain. Two scenarios were considered to optimize the locations of the observation wells:
1) exploring optimal locations of existing observation wells and 2) adding optimal
observation wells to existing well network. Kriging method was utilized to estimate
groundwater-level for preparing the database. Optimization of groundwater monitoring
network with two objectives: 1) minimizing root mean square error and 2) minimizing
number of wells, was implemented by non-dominated sorting genetic algorithm
(NSGA-II). The results show that by using this method it is possible to remove
redundant wells in a monitoring network or to add new wells in case of shortage of
observation wells in a network having acceptable accuracy.

Keywords: Interpolation, Groundwater-level, Monitoring network, NSGA-II, Two-
objective optimization
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