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Objective: “This research assesses the seismic resilience and vulnerability of Sanandaj’s
water distribution network in Feizabad and Baharan districts using the Analytical
Hierarchy Process (AHP) and Geographic Information Systems (GIS).

Methods: It aims to pinpoint vulnerability factors and suggest resilience-enhancing
measures. Data from 40 active faults (>10 km) within a 70-km radius were used to map
Peak Ground Velocity (PGV, 35-39 cm/s) via attenuation models and Spline interpolation
in GIS. Geological and soil data came from geotechnical studies, and pipe details (material
and diameter) were sourced from the Kurdistan Water Authority’s GIS unit. AHP
assigned weights to PGV (0.460), pipe material (0.243), pipe diameter (0.182), and
geology (0.112) for vulnerability analysis.

Results: Findings indicate Feizabad’s network is 81% low vulnerability (low PGV, steel
pipes, Quaternary alluvium), with 1.2% highly vulnerable (asbestos pipes, shale). Baharan
has 34% high vulnerability (high PGV, ashestos pipes, shale), with 13% low vulnerability,
reflecting lower resilience. High PGV, asbestos pipes, small diameters (<100 mm), and
shale soils drive vulnerability.

Conclusions: As Sanandaj’s first seismic network analysis, this study offers a basis for
mitigation, recommending flexible pipes and early warning systems, and provides a
replicable model for similar regions.
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EXTENDED ABSTRACT

Introduction

Rapid urbanization in Iran, where 75% of people live in cities, underscores the need for resilient
water distribution networks, especially in earthquake-prone areas. Sanandaj, a city of 530,000
in Kurdistan Province, faces heightened seismic risks due to its proximity to active faults,
challenging topography, and outdated infrastructure. Managed by state water authorities, these
networks are critical yet vulnerable, with failures risking water shortages and public health
crises. Seismic resilience—defined by a system’s ability to endure and recover from
earthquakes—depends on structural integrity, geological stability, and operational capacity.
Key parameters like PGV and PGA influence pipe damage, yet studies in Iran often focus on
major cities, overlooking places like Sanandaj. This research bridges this gap by analyzing the
seismic resilience of Sanandaj’s water network in Feizabad and Baharan, using AHP and GIS
to assess vulnerability and recommend improvements.

Methods

The study combines AHP and GIS to evaluate Sanandaj’s water network resilience. Data
included: (1) seismic profiles of 40 active faults (>10 km) within 70 km, extracted from
Geological Survey of Iran maps (1:100,000 scale); (2) soil and geological data from
geotechnical surveys (211 boreholes, 9 wells); and (3) network specifications (pipe materials:
asbestos, steel, polyethylene, ductile iron; diameters: 32-800 mm) from the Kurdistan Water
Authority’s GIS database, targeting Feizabad and Baharan. PGV and PGA were computed
using calibrated attenuation models, with fault lengths (10-37.11 km) yielding magnitudes of
5.98-6.67 Richter. A 274-cell grid (1x1 km) was created in ArcGIS 10.8, and Spline
interpolation (RMSE=0.0235) produced PGV/PGA maps. AHP weighted PGV, pipe material,
diameter, and geology, with consistency (IR<0.1) ensured. GIS overlaid these weights to
classify network vulnerability.

Results

PGV ranges from 35-39 cm/s and PGA from 0.346-0.358 g across Sanandaj, intensifying near
southwestern faults. Feizabad’s network shows 81% low vulnerability (37,550 m), tied to low
PGV (~36 cm/s), large steel pipes, and Quaternary alluvium, with only 1.2% (564 m) highly
vulnerable due to asbestos pipes in shale. Baharan, however, has 34% (16,978 m) high
vulnerability from high PGV (38-39 cm/s), asbestos pipes, and shale, with 13% (6,766 m) low
vulnerability, indicating weaker resilience. AHP ranks PGV highest (0.460), followed by pipe
material (0.243), diameter (0.182), and geology (0.112), aligning with findings that seismic
motion and brittle materials increase damage (e.g., Toprak & Taskin, 2007). The GIS maps
reflect fault proximity, enhancing reliability. This localized approach outperforms broader
studies by leveraging specific data effectively.

Conclusion

This first-of-its-kind study in Sanandaj highlights Feizabad’s high resilience and Baharan’s
susceptibility, driven by PGV, pipe type, and geology. It validates AHP-GIS as a robust tool
for seismic resilience assessment. Mitigation strategies—replacing asbestos with flexible pipes
and installing early warning systems—can reduce vulnerability and ensure water availability
post-earthquake. This framework is adaptable to other seismic zones, aiding urban planning and
infrastructure protection.
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