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Research Topic: Accurate hydraulic modeling is essential for the optimal
management of irrigation networks.

Objective: This research aimed to develop an automated method for calibrating
the discharge coefficients of structures in the HEC-RAS model. To this end, an
innovative computational framework based on the Firefly Algorithm and using
the Python programming language was created, which automatically controls the
HEC-RAS software through its Application Programming Interface (API).

Method: In this study, 9 discharge coefficients related to three regulatory
structures and six offtake structures in the E1IR1 canal of the Dez irrigation
network were optimized. The objective function was defined as minimizing the
Mean Absolute Error between the simulated water depth in HEC-RAS and the
target depth (design depth). The algorithm was executed with a population size
of 10 over 35 iterations.

Results: Quantitative results demonstrated that the proposed method achieved
high accuracy, with the final mean absolute error reaching 0.016 meters across
10 independent runs. Sensitivity analysis performed on the optimized discharge
coefficients revealed that the downstream offtake structures had minimum
discharge coefficient values of 0.32 and 0.31 respectively, while a key regulatory
structure had a maximum discharge coefficient of 0.70. The discharge
coefficients of the other structures converged within an intermediate range (0.47
to 0.63), indicating the existence of multiple optimal combinations to achieve the
desired accuracy.

Conclusions: This research shows that the integration of HEC-RAS with
metaheuristic algorithms can serve as an efficient and precise tool for the
automated calibration of hydraulic models.
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Introduction

In hydraulics and water management, the discharge coefficient of structures plays a very important role
in controlling water levels and regulating flow. This coefficient, which represents the structure's ability
to convey or control water flow, does not remain constant over time and changes under the influence of
numerous factors such as wear and tear, improper performance of control and regulation equipment,
erosion, sedimentation, and seasonal and climatic changes. So, it is important to calibrate it in order to
find the optimal value to ensure accurate water delivery to turnouts and accurate water level control
upstream of water level controlling structures. Optimizing the discharge coefficient in irrigation canal
water management is a vital and applied research area that aims to increase the accuracy of water
measurement and allocation in farmlands. By accurately determining the discharge coefficient of
hydraulic structures such as gates and weirs, the flow rate can be estimated with less error, which in turn
leads to fairer water distribution, reduced losses, increased irrigation efficiency, and ultimately,
sustainable use of limited water resources. Meta-heuristic optimization methods play a decisive role in
the accurate estimation of the discharge coefficient of hydraulic structures due to their unique ability to
solve complex and nonlinear optimization problems. Unlike optimizing one structure discharge
coefficient that could be done using simple theoretical formulas and an optimizer, optimizing structures’
discharge coefficients in an irrigation canal needs simulating the canal using related models, as
simulator. Here, the challenge is simultaneously running of optimizer and simulator that is too difficult
for large iterations. As a result, they should be integrated in such cases to do the process automatically.
In the last releases of HEC-RAS, the ability of API controller was added that make it possible to be
controlled using programming languages. Utilizing this ability in this research, HEC-RAS was
integrated with firefly optimizer to calibrate discharge coefficient in irrigation canals and evaluated in a
case study.

Purpose

Accurate hydraulic modeling is essential for the optimal management of irrigation networks. This
research aimed to develop an automated method for calibrating the discharge coefficients of numerous
hydraulic structures, including different types of gates and weirs, in irrigation canal within the HEC-
RAS model. To this end, an innovative computational framework was created, based on the Firefly
Optimization Algorithm (FA) and implemented using the Python programming language.

Research method

This framework automatically controls the HEC-RAS software through its Application Programming
Interface (API). The study focused on optimizing nine discharge coefficients related to three regulating
structures and six offtake structures in the E1R1 canal of the Dez irrigation network. The objective
function was defined as minimizing the Mean Absolute Error (MAE) between the simulated water depth
and the target depth at specified control points. The Firefly Algorithm was executed with a population
size of 10 over 35 iterations. Quantitative results demonstrated the high accuracy of the proposed
method. The final mean absolute error, averaged over 10 independent runs, reached a remarkably low
value of 0.016 meters. This represents a significant 89% improvement in modeling accuracy compared
to the initial state.

Results

A sensitivity analysis conducted on the optimal discharge coefficient values revealed distinct patterns.
The tail-end offtake structures (numbers 5 and 6) converged to the minimum coefficient values of 0.32
and 0.31, respectively. In contrast, one of the regulating structures (number 2) required the maximum
coefficient value of 0.70 for optimal performance. The discharge coefficients for the remaining
structures converged within an intermediate range of 0.47 to 0.63. This distribution indicates the
existence of an "optimal region™ where multiple combinations of parameter values can lead to the desired
model accuracy, highlighting the flexibility and robustness of the calibration process.

The key achievements of this research include the successful development of a fully automated
calibration framework, a drastic reduction in simulation error, the identification of optimal and critical
values for key structures, and the demonstration of a viable optimal parameter space. The primary
advantages of the proposed methodology are its reduced dependency on user expertise for calibration,
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rapid and reproducible execution, high precision and reliability of results, and its potential for
generalization to other irrigation networks and hydraulic models.

Conclusion

This study conclusively shows that the integration of HEC-RAS with metaheuristic optimization
algorithms, facilitated by its API, can serve as a highly efficient and precise tool for the automated
calibration of hydraulic models. This integrated approach provides water resource managers and
engineers with a powerful tool for more accurate simulation and operation of complex irrigation
systems, ultimately contributing to improved water distribution equity and conservation. Future work
could focus on applying this framework to more complex hydraulic conditions and incorporating
additional calibration parameters.
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