[ Downloaded from jircsa.ir on 2026-02-20 ]

[ DOR: 20.1001.1.24235970.1403.12.4.10.9 ]

Locating and prioritizing areas susceptible to underground dam construction within the
Fashand Sub-watershed in Alborz Province

Alireza Majidi'*®

1. Assistant Professor, Department of Hydrology and Water Resources Development, Soil Conservation and Watershed
Management Research Institute, Agricultural Research, Education and Extension Organization, Tehran, Iran. Email:
majidi_geo@yahoo.com

ARTICLE INFO ABSTRACT
. . The strong capacity of Geographic Information System (GIS) in spatial data
Article type: analysis, especially the integration of information layers, helps in selecting the

Research Paper optimal location for an underground dam, considering time and cost savings.
Multi-criteria analysis (MCA) is a Geographic Information System (GIS)-based
decision-making technique designed based on various criteria. Multi-criteria
analysis (MCA) is used to identify the most suitable locations for constructing

Article history structures or implementing construction projects, especially at regional and sub-
Received: 30 November 2024 regional scales. Multi-criteria analysis, integrated with GIS, combines various

criteria/parameters into a single result and location.The main objective of this
Revised: 30 December 2024 paper is to find a practical and applicable method in locations similar to this
Accepted: 30 December 2024 project by making decisions on the dam's location. The use of GIS and RS

techniques was employed to create a weighting model, compare, and prioritize
Published online: 31 December 2024 isuitable areas for underground dam construction using information and decision
support systems. The main socio-economic criteria, water runoff, and water
quality and quantity were utilized to determine the dam's location. The results
indicated that the southern regions have a high priority for underground dam
construction. Based on the ranking of the disaggregated maps, the final range
Keywords: varies between 4.7 and 8.19. Despite the high EC rate and lower permeability
class, these areas achieved better results in the final weighting due to shorter

Underground dam, analytical distances from settlements, better land use/cover classes, and greater socio-
hierarchy process, GIS, RS, Fashand. {economic impact.

Citation: Majidi, A. (2024). Locating and prioritizing areas susceptible to underground dam construction within
the Fashand Sub-watershed in Alborz Province, Iranian Journal of Rainwater Catchment Systems, 12(4), 123-
142.

DOR:

Publisher: Iranian Rainwater Catchment Systems Association © Author(s)

*Corresponding author: Alireza Majidi

Address: Department of Hydrology and Water Resources Development, Soil Conservation and Watershed
Management Research Institute, Agricultural Research, Education and Extension Organization, Tehran, Iran.
Tel: +989125833532

Email: majidi_geo@yahoo.com



https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.10.9
https://jircsa.ir/article-1-578-fa.html

[ Downloaded from jircsa.ir on 2026-02-20 ]

[ DOR: 20.1001.1.24235970.1403.12.4.10.9 ]

Locating and prioritizing areas susceptible to underground dam construction within the
Fashand Sub-watershed in Alborz Province

Alireza Majidi "®
1. Assistant Professor, Department of Hydrology and Water Resources Development, Soil Conservation and Watershed
Management Research Institute, Agricultural Research, Education and Extension Organization, Tehran, Iran. Email:
majidi_geo@yahoo.com

EXTENDED ABSTRACT

Introduction: In general, underground dams are constructed in areas where the groundwater level varies
throughout the year, from very high in the rainy season to very low in the dry season. As a result, there is no
consistent and reliable trend in the volume of this water. The purpose of these dams is to store water
underground instead of on the surface, which offers numerous advantages and benefits. These include minimal
surface evaporation, reduced risk of pollution, no flooding of large areas of land, high structural stability, no
threat to residents and buildings downstream of the dam, low construction costs compared to surface dams, and
the utilization of shallow groundwater.

Methodology: The data used in this study include a Digital Elevation Model (DEM) of Fashand extracted from
ASTER satellite data with a resolution of 30 meters, geological maps of Shokran at a scale of 1:100,000,
permeability maps of Sefidroud and Lakheor Namak basins at a scale of 1:250,000, as well as relief and land use
maps of the Fashand quadrangle extracted from the ESA World Cover satellite product with a resolution of 10
meters. Raster databases were created using ArcGIS 10.8 software. The ArcHydro subprogram within this
software was utilized to automatically extract watersheds, analyze river flow types (permanent or seasonal), and
determine the direction of water flow in the study area. To perform pairwise comparisons, assign weights to
each pixel of the raster maps in the study area, and generate weighted maps for spatial evaluations, Expert
Choice 11 software was employed. Finally, the Spatial Analyst subprogram in ArcGIS 10.8 software was used
to integrate the evaluated maps. This study utilized a decision support system, which is known for its high-
precision decision-making capabilities that can effectively address problems with specific, somewhat unknown
structures.

Results and Discussion: Studies should be hierarchical and step-by-step to determine the feasibility and
placement of regional hydraulic infrastructure like underground dams. From stage to stage, lower the study area
and boost accuracy. Exclusionary or incompatible criteria for physical and environmental (technical) qualities
and situations that might prevent structure development or project execution are identified to improve accuracy,
focus, and study cost and time. After identifying exclusionary criteria, locations that fit them may be eliminated
step by step depending on significance and priority. The remaining locations will not have utterly incompatible
or inappropriate variables and circumstances for building or executing the project. These locations might
execute the initiative. In ArcGIS 10.8, the criteria were created as S50-meter-pixel raster layers. Slope is
important while choosing axis for subterranean dams. This research assumed a slope of more than 7 percent in
riverbed alluvium for precision and scope of work. The ideal slope for building an underground dam is usually
more than 5 percent. The software environment and DEM data were used to create a slope map of the research
region. The Boolean logic technique allocated one to places with a slope of less than 7% and zero to others.
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Conclusion: The Geographic Information System (GIS)'s spatial data analysis, notably layer integration, may
assist choose the optimal subterranean dam placement to save time and money. This article's main goal is to find
a practical and extensible method to places with similar characteristics to the project's location to decide on the
best place to build a dam. GIS and RS techniques are needed to create a model for weighting, comparing, and
prioritizing suitable areas for underground dams using the DSS decision support system and GIS information
layers. In this article, the socio-economic, water escape, and water quality and quantity factors are most useful
for identifying subterranean dam locations. The research found that southern areas prioritize subsurface dam
construction. Scores for the final integrated map vary from 4.77 to 8.19. Despite their high EC and poor
permeability class, these locations are prioritized owing to their shorter distances from the community, better
land use/land cover class, and larger socio-economic weighting.
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Figure 1- Location of the study area
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Table 1- Restriction's parameters of the sanitary subsurface dam regions
Restriction's parameters Properties
Distance from fault <100 m
Distance from water resources (well, spring, ganat) <200 m
Stream class (strahlerclassification) LI
Permeability Very high, High, Moderate to high
Land use/ land cover Built- up, Permanent Water Bodies
Alluvial (q) 5<q <30
Slope >V %
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Table 2- Subsurface dam siting decision factors, ratings and input layers used in analyses

Decision factors Properties
ECONOMIC- SOCIAL factor group
Distance from village >2km 5
1-2 km 7
< lkm 9
Land use/ land cover Tree cover 5
Shrub Land, Gross Land, Crop Land 7
Bare Land/Sprse Vegetation 9
WATER ESCAPE factor group
Permeability Moderate 5
Low to moderate 7
Very low to low 9
Distance from fault 100-200 m 5
>200 m 7
Distance from water resources 200-500 m 4
> 500 m 7
QUANTITY & QUALITY WATER factor group
Slop 5-7% 5
3-5% 7
0-3 % 9
Stream class 101, IV 5
\% 7
EC (Water quality) <750 uS/cm 4
500-750 uS/cm 6
>500 uS/cm 8
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Table 3- Weights of all decision factors in scenario 1 (Equal weight)

Factor group Weight Criteria Weight C.R
Subsurface dam siting suitability
Distance from village 0.750
ECONOMIC- SOCIAL 0.333 0.250 0
Land use/ land cover

Permeability 0.627

WATER ESCAPE 0.333 Distance from fault 0.280 0.08
Distance from water resources 0.094
Slop 0.627

QUANTITY & QUALITY WATER 0.333 Stream class 0.280 0.08
EC (Water quality) 0.094
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Table 4- Weights of all decision factors in scenario 1 (Non-equal weight)
Factor group Weight Criteria Weight CR
Subsurface dam siting suitability
Distance from village 0.750
ECONOMIC- SOCIAL 0.627 Land use/ land cover 0.250 0

Permeability 0.627

WATER ESCAPE 0.280 Distance from fault 0.280 0.08
Distance from water resources 0.094
Slop 0.627

QUANTITY & QUALITY WATER 0.094 Stream class 0.280 0.08
EC (Water quality) 0.094
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Table 5- Qualitative classification of classes of areas susceptible to underground dam construction

Qualitative classification Pixel value
Very poor 0-1.8
Poor 1.8-3.6
Moderate 3.6-5.4
Good 5.4-7.2
Very Good 7.2-9
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Figure 24— AHP-EQUAL WEIGH map

Figure 23— AHP-UNEQUAL WEIGH map
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