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Objective This study aims to develop and evaluate two machine learning models,
namely Extreme Learning Machine (ELM) and eXtreme Gradient Boosting (XGBoost),
incorporating Bayesian Optimization and cross-validation techniques, for the
prediction of the discharge coefficient (Cd) of semicircular side weirs.

Method: The modeling process is based on a dataset comprising 233 experimental
observations sourced from two independent studies, encompassing both geometric
and hydraulic parameters. Bayesian Optimization was implemented using five-fold
cross-validation on the training set. For each parameter combination, the root mean
square error (RMSE) was computed, and once the objective function (RMSE) reached
a satisfactory threshold, the corresponding parameter set was selected as the final
model structure. The optimized model was subsequently validated using the test
dataset, and its predictive performance was compared against baseline models.

Results: The results indicated that the XGBoost model achieved higher predictive
accuracy with a coefficient of determination (R?) of 0.99 for the training set and 0.92
for the test set, outperforming the ELM model, which yielded R? values of 0.91 and
0.879 for the respective datasets. Sensitivity analysis using Sobol, Morris, Entropy-
based, and SHAP methods consistently identified the HT/P ratio (hydraulic head to
weir height) as the most influential input parameter in predicting Cd. Specifically,
Sobol analysis revealed that nearly the entire variance in the model output could be
attributed to this single parameter, with negligible interaction effects from other
variables.

Conclusions: All sensitivity analysis techniques confirmed the robustness and
reliability of the developed models. The integration of machine learning algorithms
with Bayesian Optimization proves to be an effective and powerful framework for
flow modeling in hydraulic systems.
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Introduction

Dams, as critical hydraulic structures, consist of key components including the dam body,
drainage systems, and most notably, spillways, which serve as primary outlets for flood
discharge. When the capacity to release floodwaters is limited, the choice of spillway type
becomes essential to optimize both discharge efficiency and construction costs. Among the
various options, labyrinth spillways—with non-linear crest geometries—have proven to be
highly effective in enhancing discharge capacity while managing upstream water levels during
flood events. By significantly increasing the effective crest length over a fixed width, these
geometries, such as triangular, trapezoidal, semicircular, and polygonal plans, outperform
traditional linear (rectangular) spillways.

Recent research efforts have focused on understanding the influence of hydraulic and
geometric parameters on discharge coefficient (Cd) and velocity distribution in these
structures. Numerous machine learning approaches have been employed to predict Cd, with
Support Vector Machines (SVM), Artificial Neural Networks (ANN), and Extreme Learning
Machines (ELM) demonstrating promising accuracy and adaptability. In particular, studies
have shown the superior predictive performance of hybrid models such as SVR-ISADE,
GASVM, and ANFIS-FFA compared to classical regression methods. The semicircular l[abyrinth
weir (SCLW) is of particular interest due to its high energy dissipation and superior discharge
capabilities—achieving up to 4.5 times the efficiency of linear weirs. Sensitivity analyses
across multiple studies have highlighted the hydraulic head-to-weir height ratio (HT/P) as the
most influential parameter affecting Cd. Despite the complex physical behavior of SCLWs,
data-driven and Al-based models have shown remarkable precision in Cd estimation.

This study develops novel predictive models for the discharge coefficient of harmonic
semicircular labyrinth weirs using XGBoost and Extreme Learning Machines (ELM). It further
quantifies the effect of non-dimensional variables on Cd and aims to bridge existing research
gaps by integrating and analyzing experimental data from two previous investigations.

Method
In this study, a comprehensive modeling framework is developed to predict the discharge
coefficient (Cd) of semicircular labyrinth weirs using advanced machine learning techniques
and sensitivity analysis methods. The first stage involves dimensional analysis and data
compilation. The discharge coefficient is calculated from physical experiments using
dimensional parameters such as the number of weir cycles (N), radius of curvature (R), crest
height (P), and channel width (B). The effects of fluid density, viscosity, and surface tension
are deemed negligible due to turbulent flow and sufficient hydraulic head, following
guidelines by Rao & Shakla (1971). Using dimensional analysis, the governing relationship is
simplified to a functional form involving non-dimensional parameters: H/P, L/P, B/P, R/P, and
N. A dataset of 233 experimental results was compiled from prior studies (Namazi &
Mozaffari, 2023; Yildiz et al., 2024), covering multiple configurations of weir height and the
number of cycles. 75% of the data was used for training and 25% for testing the machine
learning models. Descriptive statistics and histograms of input variables confirm weak linear
correlations with Cd, justifying the use of nonlinear models such as Extreme Learning
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Machine (ELM) and XGBoost. The ELM model, comprising an input layer, hidden neurons with
random weights, and a single output node for Cd, was trained with Bayesian Optimization to
identify optimal structure (number of neurons and activation function). Conversely, XGBoost
builds an ensemble of regression trees sequentially, where each tree reduces the residuals
of the previous one. The model's objective function incorporates both prediction loss and a
regularization term to avoid overfitting. For feature importance assessment, four global
sensitivity analysis techniques were implemented. The Morris method computes mean
absolute elementary effects to detect influential variables. Sobol’s method decomposes
output variance into first-order and total sensitivity indices. Entropy-based analysis calculates
mutual information to evaluate nonlinear dependencies. Lastly, the SHAP method applies
cooperative game theory to quantify each input's contribution to model prediction.

Results

Results consistently identify HT/P (relative total head to crest height) as the most
influential parameter across all sensitivity methods. Sobol indices indicate that nearly all
output variance is explained by HT/P alone. The entropy method assigns HT/P a normalized
importance of 0.87, and the Morris u* score further supports its dominant role. This multi-
method framework demonstrates the potential of hybrid machine learning and dimensional
analysis to model complex hydraulic behaviors in labyrinth weirs, offering reliable predictive
tools for engineering design.

Conclusions

Accurate prediction of the discharge coefficient (Cd) in semicircular harmonic weirs is
crucial for the optimal design and performance of hydraulic systems. Due to the complex
relationship between Cd and its influencing parameters, empirical equations face limitations.
In this study, two hybrid machine learning models—ELM and XGBoost—were developed and
optimized using Bayesian Optimization to model Cd. Feature importance analysis was
conducted using four sensitivity methods to determine the relative influence of input
variables. Among the approaches, combining XGBoost with SHAP-based sampling
demonstrated the most stable and precise Cd predictions, offering narrower uncertainty
bands and greater resistance to noise. However, despite XGBoost’s advanced structure and
tunable parameters, ELM outperformed it in terms of accuracy. The Taylor diagram showed
greater distance of XGBoost from the reference point compared to ELM in both training and
testing sets, highlighting its lower prediction precision. These results can guide model
selection and sensitivity analysis in future uncertainty-based studies.
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Objective: This study develops and evaluates models to simulate moisture
distribution in two-layer soils under surface drip irrigation to improve optimal
irrigation system design.

Method: A transparent physical model made of plexiglass was used to conduct the
experiments. Six two-layer soil profiles were tested: L1 (medium-heavy), L2
(medium-light), L3 (heavy-medium), L4 (heavy-light), L5 (light-medium), and L6
(light-heavy). Nonlinear regression models were developed considering the
hydraulic properties of the soil and the operational characteristics of the emitters to
simulate moisture movement in both horizontal and vertical directions.

Results: A comparison of statistical parameters between measured and simulated
data showed that the proposed models performed with high accuracy in simulating
the initial moisture distribution phase, with correlation coefficients of 0.85 and 0.88
for the horizontal and vertical directions, respectively. However, during the
redistribution phase, particularly in the horizontal direction, model accuracy declined
slightly (correlation coefficients of 0.52 and 0.79). The root-mean-square error
(RMSE) for predicting moisture distribution was 5.93 cm (horizontal) and 4.66 cm
(vertical), and for redistribution was estimated at 8.87 cm and 8.03 cm, respectively.
Additionally, the models showed a tendency to overestimate values in the horizontal
direction and underestimate them in the vertical direction.

Conclusions: The proposed models demonstrated acceptable accuracy in simulating
moisture distribution patterns in two-layer soils under drip irrigation. However,
reduced accuracy during the redistribution phase—particularly in the horizontal
direction—and the observed tendencies toward overestimation and
underestimation indicate the presence of systematic errors in the modeling
approach. Identifying and correcting these errors can significantly enhance the
predictive capability of the models.
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Introduction

Numerical modeling of water flow in dual-layered soils is a strategic tool for optimizing
water resource management, especially in arid and semi-arid regions. This is crucial for
enhancing irrigation efficiency and reducing water losses. The inherent heterogeneity of
dual-layered soils, resulting from differences in texture, structure, and hydraulic properties,
poses significant challenges in accurately simulating soil moisture behavior. This research
aimed to evaluate the ability of various empirical models to precisely predict moisture
distribution and redistribution phases in dual-layered soils under surface drip irrigation with
continuous flow. The study also sought to determine the interactive effects of soil parameters
and irrigation conditions on model prediction accuracy to improve irrigation system design
and sustainable water management in areas with layered soils.

Method

Laboratory experiments were conducted in the summer of 2019 at the Water Sciences
Research Group, Kurdistan University, to assess moisture distribution and redistribution
phases under soil layering conditions. Experiments were performed on a transparent
Plexiglas physical model (1m x 0.5m x 1m) to investigate the impact of soil layering and
hydraulic parameters on water infiltration in drip-irrigated soils. Soil samples with different
textures (medium, heavy, and light) were collected from specific locations and placed in the
transparent models. Six dual-layered soil profiles were used: L1 (medium-heavy), L2
(medium-light), L3 (heavy-medium), L4 (heavy-light), L5 (light-medium), and L6 (light-heavy).
A drip irrigation system was designed using standard emitters and a pump. Nonlinear
regression models were developed to accurately simulate moisture distribution and
redistribution in dual-layered soils under surface drip irrigation with continuous flow. The
ability of these models to predict water movement in both horizontal and vertical directions
in layered soils was evaluated using statistical indices (CRM, RMSE, MAE, and R?).

Results

Calibration and validation results of the nonlinear regression models indicated their
acceptable performance in simulating moisture distribution and redistribution in dual-
layered soils under drip irrigation. Overall, the models demonstrated high accuracy in
simulating the distribution phase (during irrigation) in both horizontal and vertical directions.
The high correlation coefficients (R?) of 0.85 and 0.88 for the horizontal and vertical
directions, respectively, in the distribution phase support this claim. Additionally, the RMSE
values of 5.93 cm and 6.64 cm for these directions indicated a relatively low model error in
predicting the wetting front. However, in the redistribution phase (after irrigation cessation),
especially in the horizontal direction, the accuracy of the models decreased slightly. The R?
values of 0.52 and 0.79 for the horizontal and vertical directions, respectively, in the
redistribution phase indicate a decrease in model accuracy. RMSE values in this phase were
8.87 cmand 0.3 cm for the horizontal and vertical directions, respectively. Furthermore, MAE
values in the horizontal and vertical distribution phases were 4.8 and 3.5, and in the
redistribution phase, they were 7.3 and 7 cm for horizontal and vertical directions,
respectively. Therefore, the analysis of RMSE and MAE values also shows that the models had
higher errors in the horizontal direction compared to the vertical direction. This indicates that
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the models were less accurate in predicting the lateral spread of the wetting front. Analysis
of the results shows that the models tend to overestimate values in the horizontal direction
and underestimate values in the vertical direction in both the distribution and redistribution
phases. This could be due to the complexity of lateral water movement processes in the soil,
soil heterogeneity, limitations of the model in considering all relevant processes, and a lack
of accurate data at soil depth.

Conclusions

This study aimed to enhance the efficiency of drip irrigation systems and optimize water
resource management by conducting numerical modeling of moisture distribution in dual-
layered soils. The results demonstrated that the developed nonlinear regression models
exhibited satisfactory capability in predicting moisture distribution, particularly during the
distribution phase. However, the models encountered limitations when simulating the
redistribution phase, especially in the horizontal direction. Soil texture and layering had a
significant impact on moisture distribution and model performance. The findings of this
research can be applied to the optimal design of drip irrigation systems and the precise
determination of crop water requirements. Nevertheless, further investigations are required
to improve model accuracy by considering soil heterogeneity, the influence of environmental
factors, and developing more complex models.
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Introduction

The inflow of dams is one of the main components of the hydrogeological cycle and one
of the required methods of water resources exploitation models. Reliable and complete data
is one of the most important challenges in analyzing the change in inflow to dams in water
resources management. In recent years, different numerical models have been used, which
are a reliable solution to be considered. These models are able to estimate the inflow to dams
in each region based on data and information, maps, various ground measurements,
boundary conditions, and the use of complex equations. In the present study, global satellite
data was used in a cheap and affordable way as an alternative to expensive on-site
measurements to predict the inflow to Maroon Dam in Khuzestan.

Method

The study area is the Marun River in Khuzestan Province in southwestern Iran. The Marun
River originates from the Nil and Sefid Kooh Mountains and flows into the Maroon Dam Lake
after a distance of 120 km. Forecasting the inflow to the Marun Dam is very important due to
the role of this dam in meeting agricultural, drinking, and industrial demands, as well as
meeting the environmental demands of the Shadegan Wetland downstream. In this study, the
Markov Chain (MC) method, developed in MATLAB, was used to predict the flow of the Maru
River based on short-term satellite signals. MC is a simple prediction and modeling method
that works based on a stochastic method to describe a sequence of possible events. Then,
considering the much lower computational complexity and limited data required and very low
processing time in artificial intelligence-based methods, the performance of the combined GA-
ANN, ICA-ANN, and ORELM methods was tested in comparison with the conventional Markov
Chain method.

Results

The results showed that the output of the ORELM model had the best fit to the
observational data with a correlation coefficient of 0.874 in the test phase compared to
models GA-ANN, ICA-ANN and MC. Also had the best and closest scatter points around the
45-degree line, making it the most accurate model. Instead of using complex models with a
very large data volume and also very time-consuming evaluation and accuracy of the
evaluation in it, ORELM methods based on satellite information can be used with confidence.
This greatly helps water researchers and planners to use numerical models with a complex
and time-consuming structure using a combination of artificial intelligence and satellite
systems to predict the inflows to dam reservoirs with high accuracy in dry and wet years.

Conclusions

Regarding the amount of inflow into dam reservoirs as one of the most important sources
of water resources balance, artificial intelligence models can be used in this study for specific
areas of basic statistics or in situations where it is not possible to use mathematical models.
By using satellite data, it is recommended. Based on the results obtained, the models
developed in this study can also be recommended for studies of other areas using the
selection of dams and rivers. In this case, without the need for complex and time-consuming
relationships and equations, and only based on satellite maps and at a very low cost, the river
discharge in the study area can be predicted with great accuracy during dry periods.
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Objective: This study evaluates the accuracy of several empirical methods (Deacon,
Fuller, Specific Flood, and Franco-Rodier) for estimating flood discharge in ungauged
rivers of Semnan Province and identifies the most suitable method and its error for
eachriver.

Method: Annual flood statistics from water gauge stations were collected and
rigorously validated through visual inspection, statistical analysis (including mean and
standard deviation), and outlier tests. Data independence was assessed via the run
test, while homogeneity was verified using double mass curves. Four empirical
methods were applied to estimate flood discharge based on physiographic
watershed characteristics. Performance was evaluated by comparing results against
statistical benchmarks and calculating relative errors for each river. The study
focused on rivers originating from the Alborz Mountains, which are characterized by
their short lengths and variable salinity.

Results: The results showed that the Specific Flood method achieved the highest
accuracy for the Tash Sofla River, with an error of 35.63%. Fuller’s method performed
best for the Farahzad River, having only a 3.71% error. Deacon’s method proved to be
the most effective for the Majan River, with an 18.83% error, while Franco-Rodier
delivered the best results for the Abersaj River, with a 38.91% error. Data homogeneity
and randomness were confirmed across all stations. The run test validated the
randomness of the flow, and the double mass curves indicated consistent
hydrological behavior. Notably, accuracy varied significantly among the rivers,
highlighting the importance of context in determining effectiveness.

Conclusions: Empirical methods can provide acceptable flood estimates in ungauged
basins but require careful selection based on river-specific characteristics. Fuller’s
method achieved exceptional precision (3.71% error) for the Farahzad River,
demonstrating its potential for targeted applications. However, no universal method
emerged, as performance depended on watershed properties, such as terrain and
flow regime. Practitioners should prioritize localized validation to minimize errors and
ensure accuracy. These findings support the use of empirical approaches when
traditional data are unavailable, thereby enhancing flood resilience in vulnerable
regions.
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Introduction

Floods are among the most significant natural disasters, affecting numerous regions worldwide,
including developed countries. Among all natural disasters, floods cause the most damage to human
populations. Approximately one-third of the damages caused by natural disasters are attributed to
floods, and their consequences can directly or indirectly impact two-thirds of the global population.
Floods also result in significant loss of life annually. As one of the most critical climate crises, floods
claim thousands of lives each year, inflict substantial damage on human societies and the
environment, and have instilled fear in populations since ancient times. Consequently, effective flood
management and control are of paramount importance. Available evidence and reports indicate that
flood-related damages exceed those caused by other natural disasters.

Arab Khodri (1989) utilized data from 42 hydrometric stations to develop empirical relationships
for estimating maximum floods in areas lacking statistical data. These relationships were based on
factors such as basin area, average annual precipitation, basin diameter, and shape factor, derived
from flood investigations in the northern Alborz watershed. His findings identified the Log Pearson
type 3 distribution as the most suitable regional distribution for the data.

Selajgeh (1994) investigated floods in 38 watersheds, each covering less than 10,000 hectares.
Using the results, he derived coefficients for empirical relationships to predict floods with return
periods of 5, 10, 25, 50, and 100 years.

Nazari (2006) calibrated Fuller’s empirical relationship for watersheds in Fars Province and
classified the studied watersheds based on their flood potential.

Dasturani et al. (2009) emphasized the importance of studying floods and mudslides in
watersheds, particularly the maximum discharge of river regimes. Their research analyzed
the sensitivity of parameters in empirical relationships used to estimate instantaneous
maximum flow rates. They evaluated ten methods, including Deacon, Krieger, Fuller, English,
Kutan, Meyer, Fanning, Horton, and the United States Geological Survey (USGS) method. The
results revealed that all methods were highly sensitive to the basin area parameter, especially
in smaller areas. Among the methods, Fuller’'s approach showed greater sensitivity to
changes in return periods during low-return intervals.

Method

This study focused on rivers in Semnan Province, including Tash Sefali, Farahzad, Majen,
Abrasaj, and Cheshme Ali Damghan. These rivers originate from the southern slopes of the
Alborz Mountain range and flow north to south into the desert plains. While the rivers have
clear, fresh water at their sources, they become saline after passing through salt fields and
chalky lands. Due to the short distance between the mountains and plains, these rivers are
typically short in length. To estimate flood magnitudes, empirical methods such as Deacon’s,
Fuller’s, special flood, and Franco-Rodier’s were employed

Results

Annual flood statistics from water gauge stations in the study area were collected and
evaluated for accuracy. Initially, the data were visually inspected by comparing flood records
across stations on a vyear-by-year basis. Subsequently, statistical methods, including
calculations of mean and standard deviation, were used to verify the accuracy of annual flood
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values. Additionally, outlier data tests were applied to assess the reliability of rainfall records
from a hydrological perspective.

The independence (randomness) and homogeneity of the data were also examined. The
run test method was used to evaluate data independence, while the double mass curve test
was applied to assess homogeneity. Table 3 presents the results of the independence test for
annual flood data at selected stations, confirming that the flow patterns are random.
Traditional empirical methods (Deacon, Fuller, special flood, and Franco-Rodier) were used to
estimate flood values. The results indicated that:

e The specific flood method was the most accurate for the Tash Sofla River, with a
relative error of 35.63%.

e Fuller’'s method provided the best estimate for the Farahzad River, with a relative error
of 3.71%.

e Deacon’s method was most suitable for the Majan River, with a relative error of
18.83%.

e Franco-Rodier’s method yielded the best results for the Abersaj River, with a relative
error of 38.91%.

Conclusions
This study evaluated the effectiveness of empirical methods in estimating floods with
varying return periods. The findings revealed that:
e The specific flood method was the most accurate for the Tash Sofla River, despite its
relatively high error rate of 35.63%.
e Fuller’'s empirical method provided the best estimate for the Farahzad River, with a
minimal error of 3.71%.
e Deacon’s method was most suitable for the Majan River, with an error of 18.83%.
e Franco-Rodier’s method yielded the best results for the Abersaj River, albeit with a
higher error rate of 38.91%.

The results demonstrate that the accuracy of empirical methods varies significantly across
different rivers. Therefore, no single method can be universally recommended for flood
estimation in the study area. Careful consideration of the appropriate method is essential to
minimize errors and ensure accurate flood predictions. For instance, Fuller's method, with an
error rate of 3.71% for the Farahzad River, proved highly effective in estimating maximum
flood magnitudes.
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Introduction

The use of asphalt concrete cores for sealing embankments and rockfill dams is an optimal
method in the construction of such structures. The self-healing properties of bitumen, ease of
construction in cold and rainy conditions compared to clay cores, flexibility, and effective bonding
with embankment materials are key advantages of asphalt concrete, promoting its increasing global
adoption. A critical aspect of using asphalt concrete cores is their placement within the dam. This
study investigates the probabilistic impact of the asphalt core's location in rockfill dams on the
reliability of upstream slope stability under rapid reservoir drawdown conditions. Findings reveal that
shifting the core from the upstream to the downstream side reduces seepage flow, the safety factor,
and the reliability of the downstream slope under both static and pseudo-static conditions. Sensitivity
analysis further highlights that the friction angle of the shell materials most significantly influences
downstream slope stability.

Method

The study focuses on the Seydon rockfill dam in Iran, featuring an asphalt concrete core.
Five core placement scenarios were analyzed using the probabilistic slope stability software
Slide2. The dam's materials were modeled with unsaturated soil properties to enhance
seepage and stability analysis accuracy. Key parameters, including unit weight, shear strength,
and permeability, were derived from laboratory tests. The analysis incorporated both steady-
state and transient conditions, with a drawdown rate of 3 meters per day. The Latin Hypercube
sampling method was employed for probabilistic analysis, generating 1000 samples to ensure
convergence. The reliability index (RI) and probability of failure (PF) were calculated to assess
stability under static and pseudo-static conditions, including seismic effects with a horizontal
coefficient of 0.15.

Results

1. Seepage Analysis: Moving the asphalt core from upstream to downstream reduced
seepage flow, with the most notable decrease observed in Cases 1 to 3.

2. Overall Slope Stability: The safety factor (F.S) for the downstream slope remained
stable when the core was upstream but decreased when shifted downstream. The reliability
index (RI) exceeded 3 in all cases, confirming high stability.

3. Minimum Reliability Analysis: This method identified deeper critical slip surfaces with
higher F.S but lower Rl compared to the overall slope method, emphasizing the need for
comprehensive probabilistic assessment.

4. Sensitivity Analysis: The friction angle of the shell materials had the most significant
linear correlation with slope stability, while other parameters showed negligible effects

Conclusions

The study underscores the importance of asphalt core placement in rockfill dams,
demonstrating that upstream positioning enhances stability and reliability. The friction angle
of shell materials is the dominant factor influencing slope stability. Probabilistic analyses,
including minimum reliability assessment, provide a robust framework for evaluating dam
safety under uncertainty. These findings offer valuable insights for engineers and
policymakers in dam design, construction, and maintenance, ensuring safer and more reliable
infrastructure.
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Material | Unit Weight Strength Cohesion Phi Phib E?l‘trr Ks (a/s)
Name (kKN/m?) Type (kPa) (deg) (deg) y s
(kPa)
Asphalt Mohr-
Core 23.5 Coulon 120 24 - - le-10
Filter 20 Mohr- 0 35 20 1.5 0.001
Coulomb
Shell 21.9 Mohr- 0 44 22 5 | 1.25e-05
Coulomb
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Case slope of core(H:V)
1 1.75:1
2 1:1
3 1:2.5
4 vertical
5 1:1.9
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Reliability Index Probability of failure Performance level

1 0.16 Hazardous

1.5 0.023 Unsatisfactory
2 0.0027 Poor

2.5 0.0006 Below average
3 0.0001 Above average
4 3x10° Good
5 3x107 High
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Name Property | Distribution | Mean | Std. Dev. | Rel. Min | Rel. Max
Cohesion normal 120 12 36 36
Asphalt concrete Core Phi normal 24 24 7.2 7.2
Unit Weight normal 23.5 2.35 7.05 7.05
Phi normal 35 3.5 10.5 10.5
Filter - -
Unit Weight normal 20 2 6 6
Phi normal 44 4.4 13.2 13.2
Shell - -
Unit Weight normal 21.9 2.2 6.6 6.6
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RI (normal) = 4 872

Deterministic Global Minimum)| —
FS (deterministic) = 2.784 4l: i
FS (mean) = 2 818
PF = 0.000% “

L
RI (lognormai) = 7.792

Deterministic Global Minimum) ’__
FS (deterministic) = 2.043
FS (moan) = 2.068

PF = 0,000%

RI (normal) = 3945

R (lognormal) = 5.508

Deterministic Global Minimum L7
FS (deterministic) = 1.978

FS (mean) = 2.003

PF = 0.000%

RI (normal) = 3.833

RI (lognormal) = 5.274

RI (nonmal) = 4 856
RI {lognarmal) = 7,678

Ri lognormal) = 4.138
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[Critical Probabilistic Surface (Lognormal)
F S (mean) » 2.831
=] PF = 0.000%
Crbcal Probaciistic Surface (Legnormal)| [ (lognormal) = 7,762
# 5 (mean) = 2650 |

oF

=0.000%
71 Cognarmal) = 1.220

|
| {Critical Probabilistic Surface (Lognommal]
{Lritical Probabdstic Surface (Loanermol) |F3 (muan) = 3003
S (rmean) - 2.K54 P = 0.000%

00
PF -~ 0.000% 1R (lognoemeat) = 2.927
A1 Glognormal) = 7,507

12.360;

{Critical Probabifistic Surface (Lognormal)
FS (mean) = 2391

PF = 0,000%

Ri lognormai) = 5.043
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Factor of Safety - spencer

| Other Data Best Fit Distribution
SAMPLED: mean=2.817 5.d.=0.3716 min=1.959 max=4.171
FIT: Lognormal mean=2.817 5.d.=0.3716 min=1.959 max=4.
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Cases | F.S RI F.S RI F.S RI F.S
(L:=25;1,=5)
1 2.84 7.79 2.02 5.37 2.84 7.76 2.60 25.24
2 2.82 8.29 2.04 5.51 2.85 8.22 2.60 23.72
3 2.82 8.05 2.04 5.51 3 7.93 2.62 24.03
4 2.71 7.67 1.98 5.27 2.85 7.51 2.54 24.65
5 2.36 6.15 1.74 4.14 2.39 6.05 2.20 19.40
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Factor of Safety - spencer

[/ Highlighted [/ Other Data +— Best Fit Distribution

SAMPLED: mean=2.796 5.d.=0.06548 min=2.6 max=3.02 (PF=0.000% RI=27.43322, best fit=Normal distributior
FIT: Normal mean=2.796 5.d.=0.06548 min=2.6 max=3.02
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~—#— filter : Phi {deg) ¥ filter : Unit Weight (kN/m3)  —— shell : Phi (deg)
—=—— shell : Unit Weight (kN/m3) core : Cohesion (kM/m2) ~——=— core : Phi (deg)
—&— gore : Unit Weight (kN/m3)
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" Primary Data  ——— Regression Line

Correlation Coeffident=0.976082, alpha=-0.875935, bela=0.0839489
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Introduction

The global water crisis—particularly acute in arid and semi-arid regions such as Iran, where
agriculture consumes over 90% of renewable water resources—has rendered the efficient
management and enhanced performance of irrigation and drainage networks an urgent
imperative. Yet, in many such systems, actual performance falls considerably short of design
expectations due to a confluence of technical, managerial, and social factors, including
structural deterioration, inefficient pumping stations, unauthorized diversions, and
inadequate maintenance regimes.

The Bilavar Plain irrigation network, a key agricultural infrastructure in western lIran,
exemplifies these challenges, grappling with high conveyance losses, suboptimal pumping
station performance, and limited stakeholder engagement. In response, this research
undertakes a comprehensive operational assessment of the network, aiming to pinpoint
critical technical and managerial constraints. Building on this diagnosis, the study proposes
targeted interventions to enhance water transmission efficiency, upgrade pumping station
functionality, and refine operation management practices—thereby supporting the long-term
sustainability of agricultural production in the region.

Method

The Bilavar Plain irrigation and drainage network, located in Kermanshah province, is a
pivotal agricultural water transmission and distribution system in western Iran. Designed to
supply water to regional farmlands and enhance crop productivity, the network comprises
main and branch canals, water regulation and measurement structures, pumping stations, and
both gravity-fed and pressurized conveyance systems. Given the region's semi-arid climate—
where most precipitation occurs during cooler months—and the agricultural sector's heavy
reliance on irrigation, optimizing network performance is of critical importance.

To comprehensively evaluate the network's operational status, this research adopted a
mixed-methods approach. Data collection integrated technical and operational assessments
with extensive field inspections of canals, hydraulic structures, and pumping stations,
alongside precise flow measurements using a Seba current meter. The study further assessed
the performance of Nearpeak modules and transmission canals, evaluated pumping station
efficiency, and analyzed socio-economic factors influencing farmer participation through
structured questionnaires. All spatial data were compiled into a GIS-based database to
support management and decision-making. This multifaceted framework enables accurate
identification of system bottlenecks and informed formulation of targeted improvement
strategies.

Results

Assessment of the pumping stations revealed significant discrepancies between pump
selection and actual field requirements for head and discharge. These mismatches have
resulted in reduced operational efficiency, accelerated equipment wear, and hydraulic
imbalances across the network. Additional deficiencies—including leaking connections,
unlevel suction lines, faulty valves, and improper installation—have facilitated air ingress and
precipitated premature mechanical failures. Compounding these technical issues, operators
possess limited technical expertise, and the reliance on unqualified maintenance personnel
has further exacerbated equipment damage and inflated operational costs.



Performance assessment and operational optimization... 3

Evaluation of the BLMC canal indicated that water conveyance efficiency fell short of design
standards, a shortfall attributable primarily to leakage, unauthorized diversions, canal
degradation, and inadequate supervisory oversight. Recurring daily power outages have
compounded these losses by halting pumping operations, which in turn increases seepage and
evaporation losses. To address these challenges, this study proposes two complementary
strategies: utilizing gravity-irrigated lands during power interruptions to maintain supply
continuity, and transitioning from open canals to pressurized pipelines to substantially reduce
conveyance losses and enhance overall network performance.

Conclusions

The findings underscore that improving the Bilavar irrigation network extends well beyond
physical rehabilitation; it necessitates a holistic strategy that integrates technical upgrades,
operational reforms, sustained maintenance, and robust monitoring and control systems.
Addressing pumping station inefficiencies, minimizing conveyance losses, curbing
unauthorized water use, and optimizing cropping patterns can collectively yield substantial
performance gains. Equally critical, however, are the socio-economic dimensions—enhancing
farmer participation through targeted incentives and capacity-building is indispensable for
achieving lasting operational sustainability. The study concludes that the network's long-term
viability hinges on a triad of interconnected interventions: technical, managerial, and social.
Only through such an integrated approach can the Bilavar Plain network realize its full
potential as a resilient and productive agricultural water system.
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