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 This study introduces a two-stage Mamdani Fuzzy Inference System (M-FIS) for assessing risks in Water

Distribution Networks.

 It evaluates hazards across wells, tanks, and pump stations using fuzzy logic based on Occurrence,

Severity, and Detectability.

 Monte Carlo Simulation enhances result robustness by accounting for uncertainty in risk factors.

 Tanks were identifiedas the highest-risk component when the model was applied to Hashtgerd, Iran.

 The approach supports informed decision-making through interpretable, data-light risk evaluation.

 Recommendations include zoning control, infrastructure upgrades, and real-time monitoring systems to reduce 

overall network risk.

Abstract

2

Computational Risk Assessment in Water Distribution Network



 Water Distribution Networks (WDNs) are essential for delivering clean and safe water to urban

populations.

 Aging infrastructure, environmental stress, and increasing demand pose significant risks to system

reliability.

 Traditional risk assessment methods often struggle with uncertainty and incomplete data.

 This study adopts a fuzzy logic-based approach to enhance risk analysis under uncertain conditions.

 The goal is to support proactive maintenance and strategic decision-making in critical water systems.

 The methodology is tested on a real-world case study to demonstrate its effectiveness and adaptability.

Introduction

WaterNetwork Infrastructure
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Structure of the Proposed Model
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Fuzzy Inference System Type: Two-stage Mamdani FIS

• Inputs: Occurrence, Severity, Detectability

•Output: Risk Level

•Membership Functions:

– Type: Triangular (for simplicity and computational efficiency)

– Granularity: 3 levels per input (Low, Medium, High)

a : lower bound

b : peak value

c :upper bound

μA(x) = { 0 if x ≤ a or x ≥ c

(x - a)/(b - a) if a < x ≤ b

(c - x)/(c - b) ifb < x < c

}

•Rule Base:

– Expert-driven rule matrix consists of 27 Rules for each model

– Combined in a hierarchical manner for subsystem evaluation

•Defuzzification Method: Centroid (Center of Gravity)

•Why Mamdani: Prioritizes interpretability with linguistic rule-based design

• Integration: Coupled with Monte Carlo Simulation for uncertainty handling. RPN = (1 /N) × Σᵢ₌₁ⁿ (Sᵢ × O ᵢ × Dᵢ)

R*=
σ𝑖 μ𝑖 𝑥 .𝑥𝑖

σ𝑖 μ𝑖 𝑥

Risk in Water Wells

Membership Functions

Fuzzy Rules

R*: final risk value

Methodology
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Results

Risk Evaluation in Water Wells
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Risk Evaluation in Water Pump Station

Risk Evaluation in Water Tank



Results:Surface Viewer

Surface viewer of risk related to
water wells hazard

The surface viewer of the final risk
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Conclusion

 A fuzzy logic-based risk assessment model was employed for the Hashtgerd, Iran water distribution network.

 Themodel uses a two-stage Mamdani FIS to evaluate hazards in wells, tanks, and pump stations.

 Triangular membership functions and centroid defuzzification enabled accurate risk quantification.

 Water tanks have the highest average risk (71.9%), highlighting infrastructurevulnerabilities.

 Themethod supports prioritizing maintenance, security, and mitigation strategies.

 This flexible approach can be applied to other urban areas with diverse infrastructure profiles.

 Results emphasize the need forreal-time monitoring, proactive zoning, and structural upgrades.

Futurework:

 Integration with AI and IoT technologies could enhance future risk prediction and responsiveness. We can add other 

components of the water distribution network in order to have a more accurate model.
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