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Objective: Water is a critical resource for agricultural development and national
food security, particularly in arid and semi-arid regions. Due to increasing water
demand and limited availability, equitable and efficient water distribution in
irrigation networks has become a major management challenge. Performance
evaluation of irrigation canals is essential for optimal water management and
improving the performance. To hydraulically model and quantitatively evaluate
the performance of the Shuaibiyah irrigation canal, with emphasis on efficiency,
adequacy, and equity in water delivery and distribution.

Method: An unsteady-flow hydraulic model was developed in HEC-RAS for the
main canal, incorporating nine water-level control structures and fifteen offtakes.
After calibration and validation using field data, the model simulated baseline
conditions and eight operational scenarios with positive and negative inflow
variations. Performance indicators—efficiency, adequacy, and equity—were
computed at local and regional scales and classified using standard criteria.

Results: Local assessments showed that efficiency remained within the “good”
range for all offtakes across all scenarios, with a network-wide average of 0.998,
indicating very high conveyance performance. However, adequacy for some
downstream offtakes declined to the “fair” range under certain scenarios,
reflecting supply shortfalls despite high efficiency. Equity analysis revealed
marked structural imbalance: baseline equity values were 0.005 (upstream), 0.197
(middle), and 0.285 (downstream), demonstrating significant preferential
allocation to upstream users.

Conclusions: Although the Shuaibiyah irrigation canal exhibits excellent
technical efficiency, it faces pronounced structural inequity that disadvantages
middle and especially downstream regions. Achieving sustainable and balanced
performance requires revising water allocation strategies and improving
operational management to enhance equity throughout the system.
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Introduction

Water is a critical resource for agricultural development and national food security,
particularly in arid and semi-arid regions. Due to increasing water demand and limited
availability, equitable and efficient water distribution in irrigation networks has become a
major management challenge.

The Shuaibiyah irrigation network in the Khuzestan province, Iran, is one of the largest
modern irrigation systems in the country, covering approximately 55000 ha downstream of
the Gotvand Dam on the Karun River. Despite the presence of multiple control and offtake
gates, concerns exist regarding preferential water access for upstream users and reduced
entitlements for downstream farmers. Previous studies have emphasized the importance of
quantitative performance assessment using indicators such as adequacy, efficiency, and
equity. However, a comprehensive evaluation of the Shuaibiyah network based on standard
performance indicators had not yet been conducted. Therefore, this study aimed to
hydraulically model the network and evaluate its performance, focusing particularly on
efficiency, adequacy, and equity.

Method

The primary objectives of this research were: to simulate unsteady flow behavior in the
Shuaibiyah irrigation canal using the HEC-RAS hydraulic model, to evaluate water
distribution performance at 15 offtakes using standard indicators (adequacy, efficiency, and
equity), to classify each indicator according to established performance ranges, to assess
differences in performance among the upstream, middle, and downstream regions of the
canal, and to investigate how variations in inflow discharge affect distribution performance
through scenario analysis. The study ultimately sought to determine whether the canal
operates equitably and efficiently and to identify structural weaknesses in water allocation.
The study was conducted in four main stages: 1. Study Area Characterization: the Shuaibiyah
network includes main, secondary, and lateral canals supplied by the Karun River. It contains
9 control gates and 15 intake structures. Canal discharge decreases from upstream (8.311
m3/s) to downstream (0.995 m?/s), with bed slopes designed for gravity flow; 2. Hydraulic
Modeling: The HEC-RAS model was used to simulate steady and unsteady flow conditions.
The Saint-Venant equations were solved using an implicit finite difference method. Canal
geometry, cross-sections, control structures, and boundary conditions (discharge hydrographs,
stage hydrographs, gate openings, etc.) were defined. Unsteady simulations were performed
by specifying time-varying inflows and operational settings; 3. Performance Indicators: water
distribution was evaluated using adequacy, efficiency, and equity indicators. Adequacy and
efficiency have optimal values near 1. Equity has optimal values near 0. Performance was
classified as good, fair, or poor based on established thresholds; and 4. Scenario Analysis and
Regional Evaluation: Eight scenarios were defined: four with incremental discharge increases
and four with discharge reductions. Evaluation was performed both locally (for each offtake)
and regionally (upstream, middle, downstream zones). This allowed comparison of spatial
performance and sensitivity to inflow changes.

Results

Upstream Region: Adequacy values were generally high (0.906-0.997), and most offtakes
remained in the “good” category across scenarios. Offtake 5 was more sensitive and dropped
into the “fair” category under reduced discharge. Efficiency values were nearly ideal (=1.000)
for all scenarios, indicating excellent conveyance performance.

Middle Region: Adequacy ranged from 0.882 to 0.937 under initial conditions. While most
offtakes were classified as “good,” Offtake 11 frequently fell into the “fair” category.
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Behavior was more complex and nonlinear compared to upstream. Efficiency remained ideal
(1.000 in most scenarios), demonstrating high operational stability.

Downstream Region: The most critical issues were observed downstream. Offtake 13 fell into
the “poor” adequacy category in most scenarios. Other downstream offtakes barely
maintained “good” status or dropped into “fair.” This revealed a clear distributional
imbalance. However, efficiency values remained high (=1.000), indicating that physical water
delivery was technically efficient despite inadequate allocation.

Regional Comparison: A strong decreasing gradient from upstream to downstream was
observed: Adequacy: Highest upstream, lowest downstream. Equity: Upstream in “good”
range; middle at boundary; downstream in “fair.” Sustainability: Upstream “good,” middle
“fair,” downstream “poor.” Efficiency: Consistently “good” across all regions.

The results indicate that the system performs well technically but suffers from structural
inequities in allocation. Interestingly, some reduced-discharge scenarios slightly improved
adequacy and equity in middle and downstream regions, suggesting latent potential for more
balanced operation.

Conclusions

The HEC-RAS model successfully simulated the hydraulic behavior of the Shuaibiyah
irrigation network with acceptable accuracy. The system demonstrates very high efficiency in
water conveyance, with minimal physical losses across all regions. However, significant
inequities exist in water allocation. A clear upstream-to-downstream gradient favors upstream
users, while downstream offtakes suffer from lower adequacy and sustainability. The
contradiction between high efficiency and low adequacy downstream indicates that the core
problem is not technical inefficiency or water scarcity, but rather unfair allocation and
operational policy. To achieve sustainable and equitable water distribution, operational rules
must be revised. The system has the technical capability to perform efficiently, but improved
allocation strategies are required to ensure fairness and long-term resilience. So, it is
recommended the performance evaluation of the studied canal in the filed and managing
water more efficiently.
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