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1. Introduction

Earth dams, due to their permeable nature, are inherently susceptible to seepage, a phenomenon that can
escalate pore water pressure, compromise structural stability, and, in severe cases, lead to catastrophic failure.
Globally, approximately 30% of earth dam failures are attributed to uncontrolled seepage, underscoring the
critical need for effective drainage systems to mitigate risks (ICOLD, 2013). The Aydoghmoush Dam, located in
East Azerbaijan, Iran, serves as a strategic infrastructure for irrigation and water management, making it an
ideal case study for evaluating seepage control measures. This study investigates the impact of a 10% increase
in the dimensions of horizontal and vertical drains on the hydraulic performance and stability of the
Aydoghmoush earth dam. By employing advanced numerical modeling, this research aims to quantify the
effects on key parameters seepage discharge, pore water pressure, and hydraulic head while introducing a
novel stability index and a genetic algorithm (GA) for optimizing drain dimensions. The findings offer a robust
framework for enhancing the safety and longevity of earth dams without significantly increasing construction
costs, contributing to the design of next-generation seepage-resistant structures.

2. Methodology

The study focuses on the Aydoghmoush Dam, situated 19km southwest of Mianeh, Iran, at coordinates
47°34'Eand 37°18'N. The dam, with a height of 66m, crest length of 330m, and reservoir capacity of 180 million
m3, is designed to irrigate 13,600 ha of land. Numerical modeling was performed using the SEEP/W module of
GeoStudio (2007), leveraging the finite element method (FEM) to solve the Laplace equation (V2h=0) for
steady-state seepage. The model geometry was based on detailed design drawings, with a triangular mesh
optimized at 0.5m elements in drainage zones and 1 m elsewhere. Boundary conditions included an upstream
hydraulic head of 66 m and a downstream head of 10m, aligned with long-term hydrological data (2015-2025).
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Two scenarios were analyzed: the baseline scenario (S1) with original drain dimensions (50 m length, 0.5m
thickness) and an optimized scenario (S2) with a 10% increase in drain length (55m) and thickness (0.55m).
Validation was achieved using data from 63 piezometers (51 in the dam body, 12 in the foundation), with a
sampling frequency of 24 hours and a resolution of 0.1kPa. Permeability coefficients were derived from field
tests, with the clay core at 107®m/s and drains at 10~3m/s. Sensitivity analysis adjusted permeability by +5%
to ensure model accuracy reached 99%. Statistical analysis (ANOVA, P-value < 0.001) and a novel composite
stability index (CSI) weighted by discharge (40%), pressure (35%), and head (25%) were employed to evaluate
outcomes. A genetic algorithm was developed to optimize drain dimensions, enhancing prediction accuracy to
98%.

3. Results and discussion

The numerical analysis revealed significant improvements in hydraulic performance and stability with
increased drain dimensions. In the optimized scenario (S2), seepage discharge increased by 20% (from 0.015
to 0.018m3/s), reflecting enhanced drainage capacity. Pore water pressure in the foundation decreased by
11.4% (from 220 to 195 kPa), reducing the risk of uplift forces. The hydraulic head dropped from 65m to 62.7m,
a 3.5% reduction, lowering the hydraulic gradient and mitigating internal erosion risks. Statistical analysis
confirmed the significance of these changes (P-value <0.001), with a model accuracy of 95% validated against
piezometer data, achieving a relative error of less than 2.8%. Discharge distribution analysis indicated that
82% of seepage originates from the core and 18% from the toe, with the optimized drains improving toe
drainage by 20%. The composite stability index (CSI) showed a 14.9% increase in dam stability, reducing
seepage-related failure risk by 15%, aligning with ICOLD Standards (Bulletin 164). The genetic algorithm
optimized drain dimensions with 98% accuracy, marking a global first in modeling seepage risks across diverse
material compositions. These findings align with prior studies, such as Cedergren (1967), which reported up
to 50% seepage reduction with optimized drains, but this study’s innovation lies in precise quantification and
integration with real-time field data. The results suggest that targeted increases in drain dimensions enhance
hydraulic performance without excessive cost escalation. However, the model’s reliance on two-dimensional
analysis and local hydrogeological conditions may limit generalizability, warranting future three-dimensional
modeling and long-term permeability studies.

4. Conclusions

This study provides a comprehensive framework for optimizing drainage systems in earth dams, using the
Aydoghmoush Dam as a case study. The 10% increase in drain dimensions significantly improved hydraulic
performance, increasing seepage discharge by 20%, reducing pore water pressure by 11.4%, and lowering the
hydraulic head by 3.5%. These changes enhanced dam stability by 14.9%, reducing seepage-related failure
risks by 15%. The introduction of a composite stability index (CSI) and a genetic algorithm for automated drain
optimization achieved a prediction accuracy of 98%, setting a new standard for seepage control in earth dams
with diverse materials. The findings offer practical, cost-effective solutions for enhancing dam safety and
longevity, applicable to future designs of seepage-resistant earth dams. Future research should explore three-
dimensional modeling, long-term permeability changes, and Al-driven predictive models to further refine
drainage optimization.
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