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ABSTRACT

Underground dam is an efficient construction for optimizing water utilization and proper management
of groundwater. Delineation of suitable locations for construction of underground dams is an important
issue but due to inaccurate preliminary studies, they are constructed with inefficient performance. This
study deals with delineating proper locations for underground dam construction in Ardestan region,
north of Isfahan by using spatial multi criterion evaluation method and GIS techniques. Effective
factors were determined using engineering geology criteria then the process was segmented to several
minor steps according to the main effective parameters and based on analytical hierarchical process
(AHP). Selected parameters were weighted based on engineering judgement. In order to facilitate
analysis with higher accuracy and lower time, determined weights for each index of vector layers were
used in ArcGIS and parameters with higher index were selected. Results refer to alluvial fans located
in west, north and north-west of Ardestan as the best places for underground dam construction.

KEYWORDS: AHP, GIS, locating, underground dam.

INTRODUCTION

Ground water is a suitable solution for overcoming seasonal water scarcity. Today, the
exploitation of such resources has been developed for several consumptions including agricultural,
industrial, and specially, drinking consumptions so that it is generally the only way of water supply in
arid regions as well as regions far from rivers. In recent years, the use of underground dams has been
developed due to their many advantages in managing water resource using nature-friendly techniques.
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Relying on their low cost, ease of construction, reserving fresh water and many other advantages,
compared with ground dams, they can serve as an economic solution for reserving and utilizing
ground water. Similar to ground dams, the determination of a suitable site is the first step in the
process of constructing underground dams. The body of these dams is located beneath the ground.
Therefore, the complexity of determination and selection of a suitable site is one of the most
important challenges in the way of developing and constructing such dams. In addition, different
criteria and factors including socio-economic, environmental and geological factors affect the
location of such dams and so, they make the problem more complex. The traditional techniques of
studying and determining these factors are very costly and time-consuming. This is why some
advanced techniques such as Geographic Information System (GIS) are used to minimize feasibility
study costs, to save time and to raise accuracy. GIS is a suitable solution for accurate location of
regions in accordance with available standards and criteria. Analytical hierarchy process (AHP) is one
of the most comprehensive systems designed for multi-criteria decision-making. This approach was
first suggested by Thomas L Saaty (2008). It makes it possible to formulate a problem in a
hierarchical manner and to take different qualitative and quantitative criteria into consideration. AHP
introduces different alternatives to decision-making process and can analyze susceptibilities of criteria
and sub-criteria. Moreover, it is based on pairwise comparison technique facilitating calculations and
judgments. In addition, it shows the consistency and inconsistency of decisions, which is a superior
advantage of this technique in multi-criteria decision making (Ghodsipour 2016). There are several
case studies on this field. “Identification of potential groundwater recharge zones in Vaigai upper
basin, Tamil Nadu, using GIS-based AHP (Kaliraj et al. 2014), “A GIS based DRASTIC model for
assessing groundwater vulnerability in shallow aquifer in Aligarh, India (Rahman 2008),
“prioritization of flood distribution using AHP, DSS, GIS and satellite images for improving ground
water status and locating underground dams (Singh et al. 2017; Lalhmingliana and Goutam 2016;
Iftikhar 2016; Cuirong et al. 2016; Barkhordari 2015; Chezgi et al. 2016; Dorfeshan et al. 2014; Oh et
al. 2011; Jiang et al. 2001)”,“different aspects of underground dams; how to construct them (Forzieri
et al. 2008; Ishida et al. 2011; Raju et al. 2006; Onder and Yilmaz 2005; Ajalloeyan and Safary 2015;
Alaibakhsh et al. 2013; Ali 2010; Al-Taiee 2010; Amini Zadeh and Ghasemi 2015; Farokhzadeh et
al. 2015; Hasanzadehnofoute et al. 2016; Hatefi Ardakani and Ekhtesasi 2016; Jamali et al. 2013;
Nishigaki et al. 2004; Salahaldin et al. 2014; Telmer and Best 2004) are a number of such studies.

THE GEOGRAPHICAL AND GEOLOGICAL STATUS OF
THE STUDIED REGION

In present study, the conditions required for locating underground dams in Ardestan, located in
the north west of Isfahan Province have been investigated. The area of the studied site is 258265.18
hectares. It lies inside 33°, 00’ to 33°, 30’ north latitude and 52°, 00" to 52°, 30’ east longitude. Figure
1 shows the geographical location and access roads to the studied region .

Regarding tectonic classifications, the studied site is located in central Iran zone and Urima-
Dokhtar alluvial-volcanic sub-zone where the majority of outcrops are related to Eocene volcanic
activity with the combination of andesite, dacite and rhyolite that tuff and ignimbrite are seen among
them.


http://www.ejge.com/Index_ejge.htm

L
&)
Lo
L vol. 22 [2017], Bund. 09 3671

i d 3
Z \ ;\\EE) E_L\\w’?hk\"\
ED \ ﬁ"-i?“fgir' o /’11;\}
o *—'}Jé x P d
[+ s - {
o . (—:\é}{%ay_/ _,‘}
& VSR~ )
' “M\i N L \
.1 ,n/ L -w!
z \ WAL
N Ira}q country
(32]
[3p]
\w

33°15'N

= .
= Isfahan province
- 7
& Legend N
(4p] /\/ Road

l:l Urban

Digital Elevation Model

/Meter
/ - High : 3043
A _;
—
/ - Low : 866
/ 0153 8 9 12
e wem Kilometers

33°5'N

92 E 22 10E 52°|20'E
Figure 1: The geographical location and access roads of the studied region

MATERIALS AND METHODS
PREPARING THE MAP OF INFLUENTIAL FACTORS

Following geo-referencing of satellite images as well as topographical, geographical and land use
maps, the required layers were prepared using Arc GIS 9.3 and ER Mapper 7.0.

The information layers of slope and distance from canal were prepared in ArcGIS using digital
elevation model as well as the topographical map of the basin. It should be noted that the maps of Iran
National Cartographic Center (Scale 1:25000) were used as the base of the employed topographical
maps. In addition, the information layers of lithology and bedrock permeability were prepared based
on Iran National Cartographic Maps (Scale: 1: 100.000). In order to prepare the layers of the
thickness of alluvium and the depth of ground water, the data of pumping well, boreholes and the
geophysical reports of Isfahan Regional Water Authority were used. Furthermore, the TM digital data
of Landsat satellite 5 was analyzed in ER Mapper to identify available faults in the studied basin.
Following processing was performed on the images:

A) Adopting band combination of RGB=741
B) Adopting high pass and sun angle filters and

C) Image equalization (of the type of histogram equalize)
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Available faults within a region with a radius of 100 km were identified. According to
investigations, the number of active and important faults is higher than that of indicated in the
available maps for the studied area.

Figure 2 shows the processed image of the studied area along with identified faults. It consists of
53 faults with a length exceeding 15 km. Finally, the obtained results were transferred as a linear
Shapefile to GIS and the zones located in the studied location area (Ardestan 1:100000 geographical
sheet) were cut using Clip command and separated from other zones.

It should be mentioned that in order to obtain homogeneous units and to quantify some studied
factors including distance from canal and fault, buffer was defined for these areas using distance
function. Moreover, geological maps, bedrock permeability maps and land use maps were categorized
considering the contents of each layer. Data associated with alluvium thickness and the depth of
ground water were introduced as point data to the software, were interpolated using Kriging technique
and were saved with a pixel size of 30 m. Again, the layers were categorized considering their
contents.

AHP TECHNIQUE

Analytical Hierarchy Process (AHP) is founded on pairwise comparison of criteria. In this
system, firstly, the considered factors are weighed and then all the classes of each criterion are scored
and finally some coefficients are estimated that the final model is developed based on them. AHP is
generally used in making decisions on problems where the aim is to select the best alternative or to
rank available alternatives. The final weights are presented as numerical values. The AHP technique
used in this study is HTA (hierarchical task analysis) with partial structure and based on expert’s
knowledge. In HTA, components interact with each other in the form of credit or task and form a
system. The importance of such components and factors varies in different conditions and they may
be added or deleted depending on the problem. In partial HTA, however, factors are divided into
additional sub-factors but sub-criteria are not compared with all the criteria of the next higher level. In
this technique, each effective factor is compared with other classes of the factor only within the factor
in terms of effectiveness.

In AHP, factors are weighted by three methods: expert’s knowledge, data and a combination of
expert’s knowledge and data. As it was mentioned before, in this study, expert’s knowledge was used
for this purpose. With this method, each factor was weighed according to the experts’ experience and
knowledge and available data. Creating a graphic representation of the studied problem is the first
step of AHP analysis. This graph shows objectives, criteria and alternatives [Ghodsipour, 2009]. In
this structure, hierarchical objectives, influential factors of underground dam locating, the ranks of the
influential factors and alternatives constitute the first, second, third and fourth levels, respectively
(Figure 3).
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Figure 2: Processed image of TM data of the studied region in combination with RGB=741
along with identified faults
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Figure 3: An example of partial HTA for zoning

Pairwise comparison matrix and calculating the weight of items (factors and classes)

Following the identification of the influential factors of underground dam siting in Ardestan, a
number of questionnaires were developed in order to determine the preference of factors to each other
considering the dam site. To quantify judgments and to apply them to pairwise comparison matrix,
the preference of each factor to other factors will be as one of the following cases (table 1). According
to table 1, all factors and criteria are ranked numerically from 1 to 9 where 9 shows the complete
preference of an item to other items. Then, the obtained results are consolidated and pairwise
comparison matrices are formed based on experts’ judgments about factors and sub-factors. Table 2
shows the pairwise comparison matrix of the factors contributing to the employed AHP and table 3
shows the pairwise comparison matrix of slope classes.

Table 1: Assigning weights to factors based on their priority using pairwise comparisons
(Ghodsipour 2016)

Priorities (verbal judgments) Numerical value
Absolutely more important or preferred 9
Strongly more important or preferred 7
More important or preferred 5
Slightly more important or preferred 3
Equally important or preferred 1

Absolutely more important or preferred 2,4,6,8
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Table 2: The pairwise comparison matrix of influential factors formed using expert’s
knowledge

Criteria Slope Depth of Alluvium Distance to Bedrock Distanceto  Land
water table thickness drainage permeability fault use
Slope 1 3 3 7 9 9 9
Depth of water  0.333 1 3 5 7 8 9
table
Alluvium 0.333 0.333 1 3 7 8 9
thickness
Distance to 0.143 0.2 0.333 1 5 7 7
drainage
Bedrock 0.111 0.143 0.143 0.2 1 3 5
permeability
Distance to 0.111 0.143 0.125 0.143 0.333 1 3
fault
Land use 0.111 0.111 0.111 0.143 0.2 0.333 1
Sum 2.142 4.93 7.712 16.486 29.533 36.333 43

Table 3: Pairwise comparison matrix of slope classes

Slope (%) 0-10 10-20 >20
0-10 1 7 9
10-20 0.143 1 5
>20 0.111 0.2 1
Sum 1.254 8.2 15

Data normalization and calculation of the weight of factors and classes

Following prioritization step, arithmetic mean was used to make the data dimensionless and to
calculate the weight of parameters. To this end, the total sum of each column was firstly calculated
and then the ratio of the value of each parameter to the sum of all columns associated with that
parameter was calculated. Then, the mean value of each row was calculated in order to obtain the
weight of the parameter located in that row. Table 4 shows normalized data of the pairwise
comparison matrices of influential factors and table 5 shows sub-factors or slope classes as example.
In this normalized matrix, the column of mean value i.e. the mean value of each row, indicates the
normalized relative weight of each element. Following the calculation of the relative weights of
factors, the relative weight of each factor is multiplied by corresponding sub-factors in order to
calculate the final weight of classes or sub-factors (table 6).
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Table 4: Normalized matrix and the relative weight of influential criteria derived using
expert’s knowledge

Criteria Slope Depth of Alluvium Distance Bedrock Distance Land Mean
water thickness to permeability  to fault use
table drainage
Slope 0.467 0.61 0.39 0.425 0.3 0.25 0.21 0.38
Depth of 0.21 0.22 0.24 0.3 0.39 0.203 0.155 0.245
water table
Alluvium 0.21 0.22 0.24 0.182 0.13 0.067 0.155 0.172
thickness
Distanceto  0.163 0.193 0.17 0.061 0.043 0.041 0.067 0.12
drainage
Bedrock 0.12 0.083 0.034 0.012 0.018 0.029 0.052  0.05
permeability
Distance to 0.07 0.028 0.011 0.009 0.017 0.029 0.052 0.031
fault
Land use 0.023 0.009 0.007 0.009 0.014 0.023 0.052 0.019
Sum 1 1 1 1 1 1 1 1

According to the normalized matrix and the relative weight of each item (table 4), slope and land
use are the most and the least effective factors with the priority values of 0.38 and 0.019, respectively.
Considering the normalized matrix as well as the final weight of each item, the slope class 0-10 and
rocky and arid lands of land use factor are the most and the least effective factors with the priority
value of 0.285 and 0.001, respectively.

Table 5: Normalized matrix of slope classes

Slope (%) 0-10 10-20 >20 Mean
0-10 0.797 0.854 0.6 0.75
10-20 0.114 0.122 0.333 0.189
>20 0.088 0.024 0.066 0.106
Sum 1 1 1 1

Calculating inconsistency rate

The possibility of controlling decision consistency is an advantage of AHP technique. In other
words, it is always possible to calculate decision consistency and to judge that whether it is accepted
or rejected. Inconsistency rate is an index measuring the significance and accuracy of data introduced
to matrices. In AHP, its acceptable range is <0.1. To calculate matrix inconsistency, after forming the
pairwise comparison matrix (A) and deriving weight vector (W), the former (A) is multiplied by the
later (W) in order to have an acceptable estimation of Amax W. In other words, AXxW= Amax W. By
dividing Amax W by the corresponding W, the value of Amax is calculated. Following the calculation
of mean Amax, the value of inconsistency index can be calculated using equation (1) (Ghodsipour
2016):

Equation (1) L.I. = (Amax-n)/ (n-1)

where I.1 and n are inconsistency index and matrix dimension, respectively.
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Table 6: The final weight of the influential sub-factors of siting

Py Py Py Y
2 &8 o §& &z & 3B o F& 3@
b= < = n ez Sy = Q= ez S5
S =< Z = = PR S =< 9 =z B
Alluvium 6-30 0632 011 Depth of 5-25 0632 0.155
thickness  0-172 0-6 0316  0.054 water 0245 05 0316  0.08
>30 0052 0009 table (m) >25 0.052  0.013
Slope class 0-10 075 0285  Distance >250 09 0028
0.38 10-20 0189  0.072 tofault  0.031
0, -
(%) 520 o10c B ™ 0-250  0.995  0.003
Agricultural = o) 93 . 0-500  0.657 0.8
and civil Distance
Landuse 0019 9™ draitr?age 012 oo
Forest 0.243  0.005 ) 10p 0263 0.032
Rockyand 4 poe 0001 <1500  0.08 001
arid lands
Bedrock Low 0.7 0.035
permeabilit 0.05 Moderate 0.243 0.012
Y High 0.056  0.003

To calculate the inconsistency rate of data, arithmetic mean is used. The value of inconsistency
was derived 0.01 for the influential factors matrix which is an acceptable value.

RESULTS OF LAYER PREPARATION IN ARCGIS

ArcGIS was used to perform the aforementioned calculations, to correctly assign the obtained
weights to parameters and to derive the final zoning map for constructing underground dam.
Inconsistency rate is estimated by equation (2):

Equation (2) ILR. =(1.1.)/ (I.LR.)

where IILR and I.R. are inconsistency index of random matrices and inconsistency rate,
respectively.Following the determination of the weight of layers, using above techniques, and the
calculation of the inconsistency rate of matrices, and the confirmation of the acceptability of data, the
final weights of sub-factors were applied in order to derive the zoning map of the studied region. To
this end, the so-called weight field was added to the data bank of all layers (attribute table), and the
weights of each class of information layers were recorded in the field and the weight maps of the
considered factors were derived (Table 7). Figures 4 to 11 show the weight maps derived from the
influential factors of underground dam locating using AHP.

Table 7: 1.1.R random matrices
n 1 2 3 4 5 6 7 8 9 10
IR 0 0 058 09 112 124 132 141 145 149
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Figure 5: Distance to fault
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Figure 7: Permeability map
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Figure 11: Permeability map

OVERLAYING THE LAYERS AND PREPARATION OF
SUITABLE SITES MAP

To derive the final map, the prepared information layers including slope, alluvium thickness
(bedrock depth), ground water depth, distance from canal, bedrock permeability, distance from fault
and land use, were overlaid using Union function and by applying the calculated final weights.

After overlaying the aforementioned layers, the final map for locating underground dam was
derived using Query Builder operator and equation (3):

Equation (3): perm*0.035 and landuse*0.013 and drainage*0.08 and fault*0.028 and slop*0.0285
and thick.alluv*0.11 and groundwater*0.155

According to equation 3, the layers were overlaid using “and” index. Therefore, this map
represents only the regions meeting all conditions of underground dam locating (Figure 12).
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The final map illustrates unsuitable to fully suitable sites for constructing underground dams
(figure 12). The sites with a weight >0.5 are suggested as suitable alternatives. These suitable
alternatives are alluvial fans extended along north-west and northwest-southeast directions.
Performing field visits can significantly affect the priority of the sites.

CONCLUSIONS

(1) GIS systems with a great potential in applying functions and overlaying different information
layers on the one hand and applying satellite images and interpreting their results on the other hand
can serve as a unique tool for locating. Without GIS, conducting quick and accurate large scale
locating studies is a difficult and time-consuming task.

(2) Relying on its wide classification potential, AHP promotes the decision-making ability of
experts. The capabilities of AHP facilitate judgments and calculations. The evaluation of this
approach showed that by applying different information layers in accordance with their importance
order, it is possible to locate the site of the considered objective. In this study, slope, the depth of
ground water, alluvium thickness, distance from canal, bedrock permeability, distance from fault, and
land use were the influential factors in locating underground dam. In addition, considering the final
weight of classes, 0-10% slope class and rocky and arid lands were the most and the least influential
classes.

(3) The investigation of all factors affecting zoning and final locating map showed that the
alluvium fans located in the west, north and central regions of Ardestan geographical sheet 1:100000
can be suggested as suitable sites for constructing underground dams. In the final map shown in
Figure 6, the regions with the following specifications were separated from other regions considering
young alluvial areas and permeable bedrocks placed near to residential and agricultural lands:

(4) Slope <10%, the depth of ground water: 5-25m, the alluvium thickness: 6-30m, the distance
from faults: above 250m and the distance form canal: less than 500m.

(5) The separated regions meet all aforementioned geometric and geographical conditions for
constructing underground dams and are suggested for future studies. By field visits and field study
and considering other factors such as water requirement of the region and social and environmental
effects, the regions proposed in the final map can be prioritized.

(6) The identification of suitable regions for constructing underground dams, the determination of
important and effective factors of the process of locating such sites and determination of effective
criteria for identification and determination of GIS and AHP capabilities are the most important
achievements of this study.
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