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Abstract

Due to the depletion of groundwater resources in dry climates,
establishing an effective procedure to delineate artificial
groundwater recharge zones is of great importance. The
objective of this study was to apply Ordered Weighted
Average (OWA) multi-criteria evaluation method and
fuzzification of layers to produce suitability maps of
Salafchegan study area located in Qom province. To do this,
different data layers including observation wells data, soil
maps and reports, Digital Elevation Model and landsat-8 OLI,
were used. Different ordered weights with different tradeoff
(four procedures) were used to create suitability maps. Finally,
by using a land-use filter as well as applying condition of
proximity to tributaries and lineaments, few zones were
indicated as the selected groundwater recharge zones. The risk-
averse procedures (first and third procedures) did not introduce
any suitable site for groundwater recharge. However, the
second and fourth procedures did suggest 11 and 25 zones,
respectively. To assess correlations of the information layers
and results, principal components analysis was used. Results
suggested that the slope and infiltration layers have strong
positive correlation (more than 75%) and the electrical
conductivity (EC) has a negative correlation with other layers
(more than 50%).
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Table 1- Different methods and data used to estimate potential sites for artificial groundwater recharge
Olol (g 4335 (51wl bU ol Se jolike 4 ol 3Ll glayig) ) Jgo

Authors Method Used data
(Saraf and Choudhury, 1998) Ranking the thematic parameters in  Geology  and geomorphology,
GIS Lineament, Land use, NDVI image
(Chowdhury et al., 2010) Multi-criteria  decision ~ making Geomorphology, Geology, Slope,
(MCDM) Drainage density, Aquifer
transmissivity
(Sargaonkar et al., 2011) AHP Land use (IRS-P6, LISSIII), Soil
Map, DEM
(Nasiri et al., 2013) ROMETHEE II-AHP Geomorphology, Geology, Drainage
density, Slope, Aquifer
transmissivity, Land use, Water

quality, Alluvium thickness

(Agarwal et al., 2013)

Integration of RS and GIS using AHP

The SCS-CN model, groundwater
depth data and morphological
parameters (bifurcation ratio,
elongation ratio, drainage density,
ruggedness number, relief ratio, and
circulatory ratio)

(Zaidi et al., 2015) Boolean logic

Slope, Soil Texture, Vadose Zone
thickness, TDS (Total Dissolved
Solid), Type of water bearing
formation, land-use/land-cover

(Ghazavi et al., 2018) Fuzzy logic

Distance to Runoff Harvesting Point,
Aquifer  Depth, Distance to
production well, Hydraulic
Conductivity, Specific Recharge
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Fig. 1- Map of Salafchegan study area a) location of observation wells used in this study, and b) ranges of
elevation (m)
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Table 2- Average, standard deviation, and coefficient of variation of EC and GW level
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GW level EC (umohs/cm) Number of wells Yearly average of
(cm) Precipitation (mm)
Average 11.19 3950 2230 160
Standard deviation 8.71 2689
Coefficient of variation 0.77 0.68
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Table 3- Hydrologic groups and infiltration rate of soils based on soil and land capability report
(FRWO, 2015)

(FRWO, 2015) i1, culyls 5 cwbidSa Olalas bl 53 BSE (g paiudeis Coiid 9 (S jolayiud 09,5 —Y Jodo

Hydrologic Characteristics Infiltration rate Percentage in the
group (cm/hour) study area
High infiltration even in completely wet soils. High
A drainage and coefficient of permeability with light and 11.43-7.62 2
very coarse texture
Moderate infiltration rate even when soil is wet.
B Moderate drainage concentration. With moderate texture 7.62-3.81 61
and earlier structure
Low infiltration rate, usually with impermeable
C layer which impede infiltration to lower parts of soil, 3.81-1.27 36
soils with fine texture and low coefficient of permeability
Low infiltration rate, soils with high water table
D level and located on an impermeable bed, dense texture 1.27-0.5 1

and low coefficient of permeability
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Table 4- Information layers of model and rate of changes and assigned values with fuzzy functions
ol (651 2195 L ol o 05 8315 S (il g Sl ek & 5 (o 9 Jo FleWb] gy -F Jgua

Layers Rates and values

Fuzzy membership function

Sand=8, Loam and Coarse loam=7, Fine

Soil texture loam=3, Clay=1

Linear function, monotonically increasing shape
p=1/@+((x =px)/ (P, = P.))*)
where pl=pointl and p2=point2.When x > point2, then m=1

Infiltration rate Hydrologic group: A=7, B=5, C=3, D=1

Linear function, monotonically increasing shape

Sigmoidal function and monotonically decreasing, end control

EC Ranges from 402 to 10860 (umohs/cm) point = 4000
Groundwater  Ranges from 2.5 to 68.7, inverted layer range Linear function, monotonically increasing shape
level from 0.014 to 0.386
J-shape function, monotonically decreasing, end control point
=10
Slope Ranges from 0 to 66.98 u=cos’a

where, in the case of a monotonically decreasing function:
a=Q1-(x—p,)/ (P, —P.))x7/2
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Table 5- Different considered procedures to calculate Worq for generation of suitability maps as input to
OWA
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Weighted order W1 W2 W3 W4 W5
First procedure 1 0 0 0 0
Second procedure 0.2 0.2 0.2 0.2 0.2
Third procedure 0.5 0.25 0.125 0.0625 0.0625
Fourth procedure 0.0625 0.0625 0.125 0.25 0.5
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12- Groundwater Level

13- Ponding

14- Total Dissolved Solids

15- Lithological Composition
16- Residence Time

17- Control Point

18- Kriging

19- Crisp Sets

20- Consistency Ratio

21- Rating Matrix

22- Weighted Linear Combination
23- Suitability

24- Strahler

25- Principal Component Analysis
26- Raster

27- Loading

28- Singular Value Decomposition
29- Left Singular Vectors

30- Projection Matrix

31- The Inertia of a Column
32- Inverse Distance Weighting
33- Riverbed

34- Rangeland

35- Farmland

36- Built-up

37- Loading

38- Strong

39- Moderate

40- Weak

41- Significance

42- Contribution

43- Riske-Averse
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11-Electrical Conductivity
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