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Abstract
Dam site selection and stability assessment are critical steps in water resource
management and infrastructure development. The integration of remote sensing
technologies provides a non-invasive, efficient, and comprehensive approach to
identify suitable dam locations and evaluate their geological and environmental
stability. This paper reviews various remote sensing techniques, including
multispectral and hyperspectral satellite imagery, Digital Elevation Models
(DEM), Synthetic Aperture Radar (SAR), and Geographic Information Systems
(GIS), utilized in the assessment of dam sites. The methodologies incorporate land
use/land cover analysis, terrain slope evaluation, geological fault detection, soil
moisture assessment, and sedimentation monitoring. A case study example is
provided to illustrate the application of these techniques. A detailed table
summarizes the key parameters analyzed through remote sensing for dam site
evaluation. Limitations and future prospects of remote sensing in dam

engineering are also discussed. The findings highlight how remote sensing
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enhances traditional geotechnical methods, supporting sustainable and safe dam

construction.
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INTRODUCTION

Dams play a pivotal role in water storage, flood control, irrigation, and hydropower generation.
Selecting an optimal dam site that ensures long-term structural stability and minimal
environmental impact is a challenging task. Conventional ground-based surveys are often time-
consuming, costly, and restricted by difficult terrain. Remote sensing technologies offer a
synoptic and cost-effective alternative, capable of providing vital geological, hydrological, and
environmental data over large areas.

This paper presents a comprehensive overview of remote sensing approaches for dam site
selection and stability assessment. The integration of satellite imagery, radar data, and GIS tools
allows for detailed terrain and geological analyses, enhancing decision-making in dam

engineering.

REMOTE SENSING TECHNIQUES FOR DAM SITE SELECTION

1. Multispectral and Hyperspectral Imaging
Satellite sensors like Landsat and Sentinel capture spectral data useful for land use/land cover
(LULC) classification. Identification of vegetation, soil types, and water bodies helps in
preliminary site screening to avoid ecologically sensitive or unsuitable regions.

2. Digital Elevation Models (DEM5)
High-resolution DEMs derived from SRTM or LiDAR provide elevation, slope, and aspect data.
These parameters influence water flow, reservoir capacity, and dam stability by indicating
potential flood zones, steep slopes prone to landslides, and sediment deposition areas.

3. Synthetic Aperture Radar (SAR) and Interferometric SAR (InSAR)

SAR penetrates cloud cover and provides surface deformation data. InSAR detects ground
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movements, fault activity, and soil subsidence, critical for assessing seismic risks and foundation
stability at dam sites.

4. Soil Moisture and Hydrological Analysis
Microwave remote sensing estimates soil moisture content, important for evaluating seepage
risks and foundation conditions. Hydrological models integrated with remote sensing data assess
watershed characteristics affecting dam inflow and sediment load.

5. GIS Integration
GIS platforms enable overlaying and analyzing multiple datasets—geology, hydrology,

topography, and land use—to generate comprehensive suitability maps for dam site selection.

METHODOLOGY6

. Data Collection:

o Landsat 8 OLI for LULC

o SRTM DEM for terrain parameters

o Sentinel-1 SAR for deformation monitoring

o SMAP satellite data for soil moisture

. Data Processing:

o Image correction, classification, and thematic mapping
o DEM analysis for slope, aspect, and elevation zoning
o InSAR time-series analysis for ground stability

o GIS overlay for multi-criteria decision analysis (MCDA)

TABLE 1: Remote Sensing Parameters for Dam Site Selection and Stability Assessment

Relevance to Dam
Parameter Description Data Source
Engineering

Land Use/Land|Vegetation, soil, water|Identifies  suitable sites,||Multispectral

Cover body classification avoids ecological zones satellite
‘ Degree of steepness of|Steep slopes risk landslides,
Terrain Slope . DEM
land affect dam stability
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Relevance to Dam
Parameter Description Data Source
Engineering
. . Influences reservoir capacity
Elevation Height above sea level . DEM
and flood risk
. ' . Critical for seismic hazard|Geological maps,
Fault Lines Location of active faults
assessment SAR
Ground Surface displacement over|Indicates unstable
] ) ) InSAR
Deformation time foundations
' . ' _ _ Impacts seepage and|Microwave
Soil Moisture Moisture content in soil '
foundation strength sensors

Sedimentation Areas prone to sediment||Affects reservoir storage and|Multitemporal

Zones accumulation lifespan imagery

Table 1: Key remote sensing parameters for dam site selection and stability.

CASE STUDY: DAM SITE SELECTION IN A HILLY REGION

A dam site selection study was conducted in the Himalayan foothills using the above techniques.
Multispectral images helped delineate forested areas and barren lands, excluding protected
forests from the candidate zones. DEM analysis identified gentler slopes for reservoir
construction, reducing landslide risk.

Sentinel-1 InSAR detected minor ground deformation along suspected fault lines, leading to the
avoidance of those areas. Soil moisture data from SMAP revealed regions with high seepage
potential, unsuitable for dam foundations. The final GIS-based suitability map highlighted zones

optimal for dam construction with minimal environmental and geological risks.

DISCUSSION
Remote sensing considerably reduces fieldwork requirements and enables periodic monitoring
post-construction. Combining multiple remote sensing datasets improves the reliability of dam

site assessments.
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However, limitations such as spatial resolution, data acquisition intervals, and atmospheric
interference exist. Validation through ground truthing remains essential. Advances in UAV-
based remote sensing and integration of machine learning algorithms promise enhanced accuracy

and automation in dam site evaluations.

CONCLUSION

The application of remote sensing approaches in dam site selection and stability assessment
offers an efficient, large-scale, and multi-criteria analysis platform. Satellite data provide vital
information on terrain, geology, hydrology, and environmental conditions, enabling informed
decision-making. The integration of SAR and InSAR further aids in identifying geotechnical
hazards. While remote sensing cannot fully replace traditional surveys, it substantially
supplements them, improving safety and sustainability in dam engineering projects. Future
research should focus on enhancing data resolution and developing integrated automated

frameworks for real-time monitoring and risk assessment.
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