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Modeling of Site Selection Process for Artificial
Groundwater Recharge (Through Flood
Spreading) based on GIS Technique and AHP
Method (Case Study: Khoy Plain Aquifer)
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Abstract

A comprehensive model based on AHP and GIS is developed
to locate areas susceptible to artificial groundwater recharge
through flood spreading. Khoy plain which faced an increased
exploitation from the groundwater in recent years is selected
as the case study. Sixteen criteria considered which included
slope, land-use, geomorphology, geology, distance from fault
zones, roads, waterways, wells, springs and aqueducts, rate of
rainfall, temperature, evapotranspiration, electrical
conductivity of available groundwater and the hydraulic
gradient, thickness of non-saturated alluvial section, ability of
aquifer transfer, and surface permeability of soil. Above-
mentioned attributes were classified into four groups, i.e.
physical, climatic, hydrological and hydro-geological clusters.
Gathered data were prepared in GIS environment, and based
on pair wise comparisons, the preference of each cluster and
its sub-criteria was determined. By combination of the layers
using Weighted Sum method in ArcGIS, unacceptable zones
were ignored and the remaining zones were classified into five
categories. Finally six scenarios were proposed in very suitable
zones. The proposed scenarios were then prioritized based on
developed model and the 3" scenario was selected. Results
indicated that in non-wide areas the final decision will have a
small effect on these indicators due to the similarity of the
climatic and hydrological characteristics of selected sites.
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Fig. 1- The geographical location of the case study area
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1 Krishnamurthy et al. (1996) v v v v v v v
2 Ravi shankar and Mohan (2005) v v v v v v v
3 Saraf and Choudhury (1998) v v v v 4
4 Ali et al. (2015) v v v v v v v v
5 Senanayake et al. (2016) v v v v v v v v
Vagharfard and Dashtpagerdi
6 (2014) v v v v
7 Alesheikh et al. (2008) v v v v v
8 Mebhrabi et al. (2012) v v v 4 4
9 Mehrvarz and Kalantari (2007) v v v v v
10 Nasiri et al. (2013) v v v v v v v v
11 Ghayoumian et al. (2007) Vv v v v 4 4 ' v v
12 Rahimi etal. (2014) Vv v v v v v v v
13 Kaliraj et al. (2014) v v v v v v v v v
14 Chowdhury et al. (2010) v v v v v
15 Dashtpagerdi et al. (2013) v/ v 4 4
16 Ghayoumian et al. (2005) v v v v v
17 Hekmatpour et al. (2007) v v v v 4
18 Naseri et al. (2009) v v v v v v v
19 Mousavi et al. (2009) v v v v v v
20 Mahdavi et al. (2011) v v v v v
21 Ebrahimi et al. (2011) 4 v v v v v
22 Ramezani Mehrian et al. (2011) v/ v v v v
23 Ramesht and Ameri (2013) v v v v v v
24 Khanbazi Sabuki et al. (2014) v v v v v v v v
25 Ebrahimi (2014) v v v v v v v v
26 Goodarzi (2015) v v v v v 4 v v v
27 Keykhosravi and Yarmoradi (2014) v v v v
28 Saeed Moghaddam et al. (2016) v v v v v v
29 Nassimi and Zare (2015) v v v v v v v v
30 Karimi et al. (2013) v v v v v v
31 Rahimi et al. (2016) v v v v v v 4 v
32 Baharvand et al. (2016) v v v v v
33 Feyzietal. (2016) v v v v v v v
Current research v Y v v v v v v v v v v Y v v v
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] Site Selection of Appropriate Areas for Artificial Nourishing Groundwater |

Hydrogeological Criteria
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Fig. 2- The decision-making hierarchy structure in the site selection model
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Table 2- Classification of criteria used in site selection model and the respective weights
abgrye o9l 9 Lo Jde )l GaawdlS -V Joa

No. Parameters Classification Weight | No. Parameters Classification ~ Weight
Rangeland 0.594 > 300 0.619
Rainfed Areas 0.268 initati 280-300 0.206
1 Land Use . 9 Precipitation Rate
Agricultural 0.092 (mm) 260-280 0.111
Residential areas 0.045 <260 0.064
0-2 0.533 <1350 0.605
Slope 2.4 0.312 Evapotranspiration 1350 - 1450 0.222
2 Topography 10 Rate
(percent) 4-6 0.104 (mm) 1450 - 1550 0.111
>6 0.052 > 1550 0.062
Qt2 0.559 <105 0.482
3 Geolo Qu 0.318 11 Average Temperature 105-11.5 0.309
9y Qf-Q2f-Qal 0.064 ) 115-12 0.135
Plc, Plqc, Qtr, Mm, Mtmt, Amg, 0.059 >12 0.074
Oml, Peb

Flood plains, Plated mount

. . 0.568 <1000 0.497
plains, Gravelly alluvium fans J |
Groundwater Qualit
Plateaus and upper terraces, 0.263 (E.ectriCS. ¥ 1000 - 1500 0.212
4 Geomorphology __Plains of the river sediment 12 1ee
Low land, Conducthlty)
Gravelly collavial fans 0.113 (uSiemens/cm) 1500 - 2000 0.191
Mountains, Hills 0.057 > 2000 0.100
<500 0.649 <1 0.536
Distance from 500 - 1000 0.217 Ground_water 1-15 0.320
5 Waterways 13 Gradient
(m) 1000 - 2000 0.083 (percent) 15-2 0.099
> 2000 0.051 >2 0.045
<2000 0.483 Thick " 30 -80 0.573
. ickness of non-
6 D'Stgnced from 2000 - 4000 0.272 y Saturated Alluvial ~ 10-30 0.259
oads
(m) 4000 - 6000 0.157 Z(Oﬂ)e >80 0.116
m
> 6000 0.088 <10 0.052
Dist f > 400 0.626 > 1000 0.495
istance from .
, Wells, Springs 200 - 400 0.230 5 Aqtgfer E_rf}t"Sfer 700 - 1000 0.276
apabili
and Aqueducts 100 - 200 0.088 (nfz,day)y 400 - 700 0.164
m
(m) <100 0.056 <400 0.064
> 3000 0.544 Very high 0.487
Distance from 2000 - 3000 0.292 Soil Texture an_d_ High 0.308
8 Fault Zones 16 Surface Permeability -
(m) 1000 - 2000 0.107 (rate) Medium 0.115
<1000 0.057 Low 0.089
Table 3- Results of weighting criteria and sub-criteria (Expert Choice software output)
(Expert Choice 13810 5 955) B lro 5 9 Bylro 25059 gl -V Jou
Criteria Weight Sub-Criteria Local Weight ~ Overall Weight
1-1- Thickness of non-Saturated Alluvial Zone 0.413 0.182
Hydrogeological Criteria 0.440 1-2- Aquifer Transfer Capability 0.327 0.144
1-3- Soil Texture and Surface Permeability 0.260 0.114
2-1- Slope Topography 0.305 0.118
2-2- Land Use 0.211 0.081
2-3- Geomorphology 0.098 0.038
Physical Criteri 0.385 2-4- Geology 0.078 0.030
ysical Criteria ’ 2-5- Distance from Waterways 0.210 0.082
2-6- Distance from Fault Zones 0.043 0.016
2-7- Distance from Roads 0.025 0.009
2-8- Distance from Wells, Springs and Aqueducts 0.030 0.011
3-1- Precipitation Rate 0.550 0.070
Climatic Criteria 0.127 3-2- Evapotranspiration Rate 0.240 0.031
3-3- Average Temperature 0.210 0.026
Hydrological Criteria 0.048 4-1- Groundwater Quality 0.667 0.032
4-2- groundwater gradient 0.333 0.016
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Table 4- Factors and Privacy Considered for site selection
Lo Coa 0w a5 S 53 Gl o g Jolge —F Jgoa

Factors Privacy Reference
Wells, Springs, and Aqueducts 50 m Iran Ministry of Energy (2014)
Roads 200 m Naseri et al. (2009)
Faults 200 m Mehrabi et al. (2012)
Waterways 100 m Iran Ministry of Energy (2005)
Demographic Locations Range 1,000 m Shaeri and Rahmati (2012)
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Table 5- Final zoning information for Khoy plain
artificial aquifer recharge

B R
Ranges Area
(km?) (Percent)
Very suitable ranges 57.16 9.04
Suitable ranges 126.98 20.07
Moderate preferred areas 144.61 22.85
Unsuitable areas 105.77 16.71
Very Unsuitable areas 198.29 31.33
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Map the location
of the suggested scenarios
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Fig. 3- Map the location of the proposed sites
G (s gs U 0390 CumBge Al -Y JSUS

IFAY e ) 0 ylows a3,k JUo ¢yl ol o golie oliyliss
Volume 14, No. 5, Winter 2019 (IR-WRR)

vy



0.25

0.20
8 015 1
£
2 010
St
-9
0.05
0.00 . -
- Sc-3 Sc-4 Sc-5
@ Hydrological Criteria 0.0109 0.0086 0.0078 0.0069 0.0062 0.0077
B Climatic Criteria 0.0178 0.0225 0.0250 0.0236 0.0174 0.0208
BPhysical Criteria 0.0535 0.0493 0.0717 0.0670 0.0790 0.0644
B Hydrogeological Criteria| (.0570 0.0862 0.1034 0.0757 0.0529 0.0649

Fig. 4- The results of analytical hierarchy process (AHP)
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Fig. 5- Sensitivity analysis of the decision with respect to the changes of hydrogeological criteria weight
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Fig. 6- Sensitivity analysis of the decision with respect to changes of physical criteria weight
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5- Evaporation
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7- Random Inconsistency Index
8- Inconsistency Ratio
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