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[bookmark: _Hlk177636830][bookmark: _Hlk177573866]Abstract
This study evaluates the performance of the Abegaz Small Scale Irrigation Project by employing indicators of hydraulic and structural performance. The project features a diversion weir and supporting irrigation infrastructure to improve agricultural productivity. Through field measurements and site observations, we obtained primary data, and by analyzing secondary data from design documentation, we evaluated the current state of the weir. Findings indicate that sediment accumulation has significantly reduced the effective weir height from 1.20 m to 0.60 m, an issue attributed to the inadequately designed under-sluice gate, which has impaired the functioning of the diversion head work.
According to the hydraulic performance analysis, the weir does not have sufficient design to manage high flood events. The measurement of the weir's discharge capacity at 48.52 m³/s, compared to the peak design discharge of 50.07 m³/s from the catchment area, suggests a potential risk of failure during extreme floods. Structurally, the weir remains stable, with a safety factor against overturning of 1.51 under High Flood Level (HFL) conditions and 2.40 under Normal Pool Level (NPL) conditions, both exceeding the minimum required value of 1.50. They also found the factor of safety against sliding to be satisfactory. Stress analysis at critical points, such as the toe and heel of the foundation, showed that the maximum stress levels were within acceptable limits, confirming the overall structural integrity of the weir.
In conclusion, the results underscore the need for improved sediment management and enhanced flood capacity in the design and maintenance of small-scale irrigation infrastructure to ensure long-term sustainability and optimal performance.
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INTRODUCTION
Water scarcity is increasingly recognized as one of the most pressing global challenges, particularly in the context of agricultural productivity and food security [1]. According to the United Nations, nearly 40% of the global population faces some form of water scarcity, and this percentage is expected to rise with climate change and population growth [2]. Agriculture, which accounts for approximately 70% of global freshwater withdrawals, plays a critical role in ensuring food security, especially in regions where rainfall is inconsistent [3]. Improving irrigation practices, therefore, is essential to enhance water use efficiency and address food insecurity, particularly in developing countries like Ethiopia, where the agricultural sector is the backbone of the economy [4].
Ethiopia’s predominantly rain-fed agricultural system makes it highly vulnerable to climate variability, with unpredictable rainfall patterns causing fluctuating agricultural outputs [5]. Despite having abundant water resources, only a small portion of the country's arable land is under irrigation approximately 640,000 ha out of its vast potential [6]. The government has recognized irrigation as a key to stabilizing agricultural production and improving food security, which has led to significant investments in both small- and large-scale irrigation schemes [7]. However, these efforts have not fully addressed the persistent challenges faced by small-scale irrigation systems, such as inefficient water distribution, sediment accumulation, and poor maintenance practices [8].
Previous research on small-scale irrigation schemes has identified numerous challenges, particularly regarding the structural integrity of diversion works and the technical capabilities of local farmers in Ethiopia. Studies such as those by [9, 10] emphasize the need for effective management practices to enhance the sustainability of these systems, while [11, 12] highlight the socio-economic impacts of irrigation failures on local communities. However, these studies often focus on specific issues, such as management practices or socio-economic outcomes, without providing a comprehensive analysis that integrates both hydraulic performance and structural integrity. 
This study seeks to bridge this gap by investigating both hydraulic and structural performance in the Abegaz small-scale irrigation scheme, providing insights into how these interconnected components influence the overall functionality and sustainability of irrigation systems. This comprehensive analysis not only enhances our understanding of operational challenges but also informs strategies for improving irrigation management across the region.
The Abegaz small-scale irrigation project, located in the South Gondar Zone, Ebinat Woreda, was designed to enhance water access for agriculture. However, like many other small-scale irrigation projects in Ethiopia, it has faced significant operational challenges, including sediment buildup at the diversion headwork and inefficient flood management [13]. These problems have negatively impacted water distribution efficiency and reduced the project's overall agricultural productivity. Addressing these challenges requires a comprehensive performance assessment to identify design flaws and operational bottlenecks, which can provide a basis for recommending improvements that would extend the scheme’s longevity and ensure its sustainability.
This research, therefore, aims to assess the design and performance of the Abegaz small-scale irrigation structures, focusing on (i) evaluating the hydraulic performance of the diversion weir and associated structures, (ii) examining the structural stability and integrity of the headworks, and (iii) identifying maintenance needs and operational challenges that affect long-term sustainability. By conducting this analysis, the study not only contributes to addressing the specific problems of the Abegaz irrigation system but also provides broader insights that can be applied to other small-scale irrigation systems facing similar challenges across Ethiopia and other developing regions.
The significance of this research lies in its potential to inform policymakers and engineers about the necessary improvements in the design and operation of small-scale irrigation systems. In particular, the study’s findings can help enhance the efficiency of existing irrigation schemes, reduce water wastage, and improve agricultural yields. Compared to previous research, which often emphasized either hydraulic performance or structural integrity in isolation, this study combines both aspects, making its findings particularly relevant for engineers, water resource managers, and farmers involved in small-scale irrigation projects. Ultimately, the research contributes to the ongoing efforts to improve water resource management and food security in Ethiopia and other water-scarce regions.
Moreover, the study's recommendations for maintenance strategies and operational adjustments could inform future research on irrigation management, particularly in resource-constrained environments. This research also highlights the need for further studies to explore innovative methods for maintaining and upgrading small-scale irrigation systems, ensuring their resilience in the face of climate change and evolving agricultural demands.
Methods and Materials
Description of the Study Area
The project area is located in Amhara National Regional State, South Gondar Administrative Zone, Ebinat Woreda, Gunaguna kebele, about 25 km from Woreda town. The watershed for the Abegaz small-scale irrigation project (ASSIP) covers an area of 14.5 km². The highest and lowest elevations are at 2290 m amsl and 2150 m amsl, respectively. The project area is located in the Weina-Dega agro-climatic zone. The proposed weir site is located at an elevation of about 2150 m amsl and UTM coordinates of 401000 E and 1325000 N. The Abegaz small-scale irrigation project was designed by the Amhara Design and Supervision Works Enterprise and constructed by a private limited company contractor. The whole command area is located on the right side of the river. The command area has a gross area of about 100 ha, with altitudes ranging from 2290 m to 2150 m amsl. The Abegaz irrigation headworks include a weir, under sluice, aprons, cutoff structures, and a canal head regulator. The total waterway of the diversion headwork structure is 26 m. The total length of the under-sluice and weir part is 26 m. The depth of the weir upstream and downstream cutoff is 1 m and 1.8 m, respectively. The under-sluice sill level is 2118.03 m (lowest river bed level at the weir axis). The canal head regulator has one gate with a height of 1.2 m. The head regulator sill level is 2118.73 m. The location of this study area is shown in Figure 1.
[image: ]
[bookmark: _Ref175149904]Figure 1Location map for Abegaz small-scale irrigation project
[bookmark: _Hlk177564240]Primary data collection
[bookmark: _Hlk177563593]Field observations were conducted at the Abegaz small-scale irrigation project to determine various headwork parameters. Collaborating with engineers from the Ebinat Woreda Agricultural Office and the Amhara National Regional State Water, Irrigation, and Energy Development Bureau, the following measurements were taken the value is shown below in Table 1. These measurements provide crucial insights into the operational efficiency and current condition of the headwork.

[bookmark: _Ref178867496]                                                  Table 1 Measured values in the filed 
	Variable Name
	Value

	Main Canal Discharge (m³/s)
	0.13

	Sediment Depth Upstream of Canal Head Regulator (cm)
	40

	Opening Height of Under Sluice Gate (cm)
	120

	Opening Height of Canal Head Regulator Gate (cm)
	60


[bookmark: _Hlk177564215]Secondary Data
[bookmark: _Hlk177564178]For this study, secondary data were collected from design reports provided by the Amhara National Regional State Water, Irrigation, and Energy Development Bureau. These reports contained essential details regarding the design discharge of the Abegaz small-scale irrigation headwork and the structural dimensions of its components. Key parameters are summarized in Table 2. This analysis facilitated a thorough understanding of the headwork's design specifications and operational expectations.
Additionally, the design reports were examined to identify critical parameters that influence the headwork's functionality, including material properties necessary for structural analysis, as outlined in Table 3. This comprehensive examination of secondary data provides a vital foundation for understanding the performance challenges faced by the Abegaz irrigation system.
[bookmark: _Ref175299620]                                        Table 2 Summary of Abegaz weir dimensions.
	Variable Name
	Value

	Height of Weir(m)
	1.20

	Weir Length (m)
	26

	Top Width of Weir(m)
	1.00

	Bottom width(m)
	2.5

	D/S Glacis slope(H:1V)
	1H:1V



[bookmark: _Ref175645450]                          Table 3 Constant Parameter during a structural analysis of the weir body.
	Material Properties
	Value

	Water(kN/m3)
	9.81

	Silt Deposition (kN/m3)
	20

	Weir Body (kN/m3)
	22

	Apron Floor (kN/m3)
	22

	Angle of internal friction of material(Degree)
	30

	Active pressure coefficient(Ka)
	0.33



Methods of Data Analysis
The methodology commenced with a desk study, which involved reviewing previous research, documents, and papers related to diversion headworks. This analysis identified key issues by examining existing irrigation structures, such as the Abegaz small-scale irrigation headwork, alongside post-implementation review reports obtained from the Amhara National Regional State Water, Irrigation, and Energy Development Bureau. Field surveys were conducted to gather real-time data on the current condition of the Abegaz diversion headwork. During these surveys, critical measurements were taken at key points, including river cross-sections both upstream and downstream of the headwork. Interviews with farmers and administrative officials were also conducted to evaluate the operational efficiency of the headwork, yielding valuable insights into its practical functionality, operation, and maintenance.
In conjunction with primary data collection, secondary data were gathered from design documents and reports issued by the Amhara Water, Irrigation, and Energy Development Bureau. This documentation served as a benchmark for comparing the current state of the headwork against its original design specifications, including flood passage design, structural adequacy, and hydraulic performance parameters. The conceptual framework for analyzing the performance of the Abegaz irrigation project encompasses both hydraulic and structural assessments. The hydraulic analysis focused on evaluating the structure's capacity to manage design floods, ensuring it could effectively handle both regular and hazardous flood events. Parameters such as discharge capacity, peak design discharge, and sedimentation were assessed, comparing data from river cross-sections with design data to identify any discrepancies in current performance.
On the structural side, the stability of the headwork was evaluated under various loading conditions. The forces and moments acting on the structure were calculated, facilitating an assessment of its stability against overturning and sliding. This analysis considered two scenarios: the worst-case scenario, which involved the flood level on the upstream side while the downstream side remained empty, and the current existing conditions. A factor of safety ranging from 1.5 to 4 was applied to ensure structural integrity, as recommended by [14]. The evaluation accounted for factors such as hydrostatic pressure, silt weight, and uplift force. Specifically, stability against overturning required that the resultant force passes through the middle third of the structure’s base, while stability against sliding was verified by ensuring that vertical forces provided adequate frictional resistance against horizontal forces. This comprehensive methodology underscores the significance of both primary and secondary data in assessing the performance of the Abegaz small-scale irrigation headworks. The overall data collection and analysis are shown below in Figure 2. 
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[bookmark: _Ref178932538][bookmark: _Toc43661739]                                           Figure 2 Conceptual Framework of the study 




 Hydraulic and Structural Performance Analysis
To assess the operation and effectiveness of the Abegaz Small Scale Irrigation Project, a variety of data analysis techniques were employed to achieve the study’s objectives. Performance indicators were utilized to evaluate different aspects of the irrigation scheme [13]. For hydraulic performance, key metrics included sediment passage and flood capacity [15]. Additionally, structural performance was examined through indicators such as stability against overturning and sliding, tension, and eccentricity of the resultant load [16]. 
Passage of Sediment      
To determine how well the diversion weir handles sediment transport and accumulation. Field observations and sediment measurements were conducted to evaluate sediment buildup in front of the head regulator and within the upstream reservoir [17]. The analysis focused on assessing the effectiveness of the under-sluice gate and the ability of the weir to manage sediment load. Passage of sediment problem was checked through surveying of the bed level of head work components to check the prevalence of sedimentation which will occur due to not having enough passage [18]. The accumulation of high silt load at the head regulator, and high sediment entry to the main off-taking canal is prevalent as it is shown in Figure 3. The sediment load deposited in front of the head regulator was not regularly flushed out. Sediment deposition and formation of shoal in front of the weir proper is also prevalent. 
[image: ]
[bookmark: _Ref175405487]                                         Figure 3 Sediment deposition at the entry of the canal
Passage of Flood Capacity     
To assess the weir’s ability to manage flood events. Hydraulic performance was evaluated by comparing the weir’s discharge capacity against the design flood requirements [19]. Calculations were performed to determine whether the weir could safely handle peak flow conditions generated from the catchment area. 
Discharge over the weir is calculated by:
    (1)
Where, Cd-   Discharge coefficient
            L-   Net width of weir (waterway)
            Q- Discharge over the weir 
             n- Number of end contraction
             K- Coefficient of end contraction 
But in our case, there are no piers between the weir bodies. So the coefficient of end contraction (k) and number of end contractions will be negligible. The equation becomes
[bookmark: _Ref175406445][bookmark: _Ref175406428][bookmark: _Ref175406437]     (2)
Where, Cd-   Discharge coefficient (take cd= 1.7, Novak, page 374)
            L-   Length of weir (waterway 26m)
           H- Upstream water level mines downstream water level (1.064m)
           Q-   Discharge over the weir
Stability against Overturning
To ensure that the diversion weir does not fail due to overturning forces. The factor of safety against overturning was calculated by analyzing the moments acting on the weir under both High Flood Level (HFL) and Normal Pool Level (NPL) conditions [20]. This involved comparing destabilizing moments with stabilizing moments to verify structural stability. The forces that are applied on the diversion weir for High Flood Level (HFL) and Normal Pool Level (NPL) conditions as indicated in Figure 3 and Figure 4 respectively. 
[image: A diagram of a triangle
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[bookmark: _Ref175646542]                           Figure 4 Loading diagram for Weir Body (HFL Condition)
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[bookmark: _Ref175646545]                        Figure 5 Loading Diagram for weir body (NPL Condition)
The combined effect of all forces should not have the threatening capacity to overturn the weir body. The factor of safety for this parameter is usually between 1.5 and 4[21]. The relation for determining overturning stability is represented by:
       (3)
[bookmark: _Toc307818576]Where  
M(-ve) is the sum of all destabilizing moments 
M(+ve) is the sum of all stabilizing moments

The moments and the forces responsible for them are computed in tables for both HFL and NPL conditions.
Stability against Sliding
To assess the weir’s resistance to sliding along its base. The factor of safety against sliding was determined by evaluating the horizontal forces that could cause sliding and comparing them with the resisting vertical forces. This analysis ensures that the structure remains stationary under load [22].
 The factor of safety against sliding is evaluated from
         (4)
Where,  The friction Coefficient (0.7 ~ 0.75) and friction coefficient value of 0.7 are used for this study.
[bookmark: _Toc307818577][bookmark: _Toc309569046][bookmark: _Toc313563669][bookmark: _Toc315468091]Check for Eccentricity of Resultant Load: 
To ensure that the resultant forces acting on the weir do not create excessive eccentricities that could lead to structural issues. The eccentricity of the resultant load was calculated by analyzing the distribution of vertical and horizontal forces [23]. This analysis confirms that the resultant force acts within the middle third of the base to prevent negative stresses in the structure. This indicator assessed whether the resultant forces acting on the weir were distributed evenly, ensuring that the load did not create excessive eccentricities that could lead to structural issues[24].Eccentricity due to a load combination is determined from the relationship:
         (5)
[bookmark: _Toc307818578]And                                                              
[bookmark: _Toc307818579]Where
e= eccentricity
B= Bottom width of weir (meters)
M= Moments
V= Vertical forces
In the final analysis, the condition required is represented by:

[bookmark: _Toc307818580][bookmark: _Toc309569047][bookmark: _Toc313563670][bookmark: _Toc315468092]Check for induced stress on Foundation material: 
To evaluate whether the weir’s structural components are adequately designed to withstand tensile forces. Stress analysis was conducted to check the tensile stresses within the weir’s structure and its foundation, ensuring that these stresses do not exceed allowable limits. Stress analysis was conducted to evaluate whether the structural components of the weir could withstand tensile forces without exceeding acceptable stress limits. The ultimate bearing capacity of the foundation material must provide a safe medium to withstand the dead weight of the weir body and the static impact of forces induced by the surface and subsurface hydraulics[14].
Foundation stress is computed from the eccentricity of the loading combination determined previously. Thus
             (6)
              (7)
[bookmark: _Toc307818581]Where
, is computed stress for Hell and Toe respectively
e is eccentricity
B is the bottom width of the weir body
V is Vertical forces
 Result and discussion
Hydraulic Performance Assessment 
Passage of Sediment    
Field observations indicated that the Abegaz diversion weir was designed with a scour sluice gate measuring 100 cm wide and 120 cm high. Due to poor management, the manually operated gate has become ineffective, resulting in complete obstruction by sediment. As a result, significant sediment deposition has occurred in the upstream reservoir of the diversion weir. Sediment depth measurements taken near the head regulator show that the current riverbed level is 0.6 m higher than the original level Table 4.


[bookmark: _Ref175300030]Table 4 Prevalence of sediment analysis result.
	Parameters
	Units
	Elevation

	Weir crest level
	m
	2119.23

	Constructed weir height
	m
	1.20

	Original u/s river bed level
	m
	2118.03

	Current u/s river bed level
	m
	[bookmark: _Hlk178864858]2118.63


The 0.6-m sediment accumulation has reduced the effective height of the weir by half, decreasing its functionality in controlling water flow. This sediment deposition has been a primary cause of the weir's reduced capacity to regulate the intake, leading to frequent clogging and disruptions in agricultural activities over time. Similar sedimentation issues have been noted in other small-scale irrigation systems, such as those analyzed by [15, 25], emphasizing the need for better sediment management strategies in Ethiopia's small-scale irrigation schemes.
Passage of Flood 
The Abegaz diversion weir was designed to manage significant flood events; however, current observations suggest that it cannot accommodate the expected flood discharge. As shown in Table 5, the weir's discharge capacity (48.52 m³/s) is lower than the design flood capacity (50.07 m³/s), indicating that it may not withstand a 50-year return period flood event.
[bookmark: _Ref175300133]Table 5 Flood Passage Performance.
	Parameters
	Units
	Amount

	Discharge capacity of weir
	m3/s
	48.52

	Design Flood
	m3/s
	50.07


This shortfall highlights a vulnerability in the structure’s ability to safely manage large flood events, increasing the risk of overtopping and structural damage. Previous studies [15] have raised similar concerns, emphasizing the necessity of robust flood management systems in irrigation schemes to prevent failure during extreme hydrological events. 
Structural Performance Assessment
Stability Check on Diversion Weir at HFL Condition
[bookmark: _Ref175648037]The forces acting on the weir were calculated under High Flood Level (HFL) conditions, and the stability of the structure was analyzed against sliding, overturning, and stress. Table 6 provides a summary of the loading conditions and the resulting forces.

[bookmark: _Ref179465756]Table 6 Summary of Loading at HFL Condition
	Load
	Symbol
	    Magnitude (KN)
	Arm (m)
	Negative Moments (KN-m)
	Positive Moments (KN-m)

	
	
	Horizontal
	Vertical
	
	
	

	Silt Pressure
	Psh
	-3.6
	
	0.7
	-2.6
	0.0

	Water Pressure
	Pwh1
	-17.9
	
	0.9
	-15.3
	0.0

	Backwater Pressure
	Pwh2
	0.4
	
	0.1
	0.0
	0.04

	Weight of Water
	Pwv
	
	18.6
	1.7
	0.0
	31.2

	Uplift Pressure
	Pu
	
	-59.7
	1.3
	-75.2
	0.0

	Self-Weight
	Wg
	
	77.4
	1.4
	0.0
	109.2

	Silt Weight
	Ws
	
	0.2
	2.7
	0.0
	0.6

	∑
	
	-21.1
	36.6
	
	-93.2
	141.0



The analysis shows that the weir is generally stable under HFL conditions, with a factor of safety for sliding (Fs = 1.21) and overturning (Fo = 1.513) both within acceptable ranges.
Stability Check on Diversion Weir at NPL Condition
Under Normal Pool Level (NPL) conditions, the structural stability of the weir was similarly assessed Table 7. The weir remains stable under these conditions as well, with satisfactory safety margins for sliding and overturning.
[bookmark: _Ref175648043]Table 7 Summary of Loading at NPL Condition
	Load
	Symbol
	    Magnitude (KN)
	Arm (m)
	Negative Moments (KN-m)
	Positive Moments (KN-m)

	
	
	Horizontal
	Vertical
	
	
	

	Silt Pressure
	Psh
	-3.6
	
	0.7
	-2.6
	0.0

	Water Pressure
	Pwh1
	-7.2
	
	0.9
	-5.3
	0.0

	Back Water Pressure
	Pwh2
	0.0
	
	0.1
	0.0
	0.0

	Weight of Water
	Pwv
	
	1.4
	1.7
	0.0
	3.5

	Uplift Pressure
	Pu
	
	-33.4
	1.3
	-39.4
	0.0

	Self-Weight
	Wg
	
	77.4
	1.4
	0.0
	109.2

	Silt Weight
	Ws
	
	0.2
	2.7
	0.0
	0.6

	∑
	 
	-10.8
	45.7
	 
	-47.3
	113.3


Table 8 summarizes the results of both stability checks under HFL and NPL conditions. All criteria for sliding, overturning, and stress at both the heel and toe of the structure were met, ensuring the safety of the weir.


[bookmark: _Ref175649517]                     Table 8 Summary of structural analysis calculation results of the two cases.
	Parameter
	Symbol
	Units
	Conditions to be satisfied
	HFL
	NPL
	Status

	Safety for sliding
	Fs
	-
	≥ 1
	1.21
	2.96
	PASS

	Safety for Overturning
	Fo
	-
	≥ 1.5
	 1.51
	2.39
	PASS

	Load Eccentricity
	ECC
	m
	< B/6
	0.06
	0.078
	PASS

	Stress @ Heel
	qHeel
	KN/m^2
	490
	11.58
	13.85
	PASS

	Stress @ Toe
	qToe
	KN/m^2
	490
	15.19
	19.54
	PASS



Discussion
The sediment accumulation and flood capacity assessments suggest significant operational challenges for the Abegaz irrigation scheme. The sediment buildup has led to reduced weir height and impaired water regulation, aligning with findings in similar small-scale irrigation projects [15, 25]. Additionally, the inability to manage design flood capacity exposes the structure to potential failure during high flood events, echoing the concerns raised by [15].
The structural performance analysis shows that, despite these hydraulic challenges, the weir remains structurally sound under both High Flood Level (HFL) and Normal Pool Level (NPL) conditions. This finding is consistent with the results reported by [16], who also assessed the structural stability of diversion weirs and found them to be stable under design flood conditions. Both studies confirm that while the structural integrity of the weirs is maintained, operational inefficiencies, such as sediment buildup and inadequate flood management, pose significant risks to the long-term sustainability of the irrigation systems. This highlights the need for enhanced maintenance practices and flood management strategies rather than major structural modifications.
By integrating both hydraulic and structural evaluations, this study contributes to the literature on small-scale irrigation performance, addressing a gap identified in previous research. In line with [16], this analysis emphasizes the importance of comprehensive assessments that consider both hydraulic and structural aspects to ensure the long-term viability of irrigation infrastructure in Ethiopia.
Conclusion
This study provides a comprehensive evaluation of the hydraulic and structural performance of the Abegaz diversion weir through a combination of field investigations, measurements, and thorough reviews of design documents and relevant materials. The findings reveal a critical safety concern, as the peak discharge from the catchment area, calculated at 50.07 m³/s, exceeds the diversion weir's total discharge capacity of only 48.52 m³/s. This discrepancy underscores the inadequacy of the current design to handle severe hydrological events, particularly during high flood conditions.
The structural evaluation indicates that the diversion weir remains stable and sound, with safety factors exceeding the recommended thresholds. However, significant challenges arise from sediment accumulation in the upstream reservoir, primarily because of the ineffective design of the under-sluice gate, which has failed to facilitate adequate sediment passage. As a result, the effective height of the weir has diminished from its original 1.2 m to just 0.6 m, further jeopardizing its operational integrity and diminishing the overall effectiveness of the irrigation system.
Moreover, the current management practices for sediment inflow are insufficient, leading to prolonged flushing times that ultimately hinder the productivity and efficiency of the irrigation system. To address these pressing issues, future research should focus on optimizing the design of the under-sluice gate to enhance its sediment management capabilities. Investigating alternative design solutions for the diversion headworks, incorporating sediment transport principles and robust flood risk management strategies, is essential. Additionally, further studies could assess the implementation of advanced monitoring systems to track sediment accumulation in real time, facilitating timely interventions.
Expanding the scope of research to include comparative analyses of similar irrigation structures could yield valuable insights for future designs and modifications, ultimately contributing to improved water resource management and enhanced agricultural productivity in the region. This comprehensive approach not only addresses the current limitations of the Abegaz irrigation scheme but also enriches the literature on small-scale irrigation performance, paving the way for sustainable practices in the sector.
List of Notation and Dimensions
	Symbol
	Description
	Dimension

	Q
	Discharge over the weir
	m³/s

	Cd
	Discharge coefficient
	-

	L
	Net width of the weir (waterway)
	m

	H
	Upstream water level minus downstream water level
	m

	n
	Number of end contractions
	-

	K
	Coefficient of end contraction
	-

	Fo
	Factor of safety against overturning
	-

	M_
	Sum of all destabilizing moments
	kN·m

	M+
	Sum of all stabilizing moments
	kN·m

	FS
	Factor of safety against sliding
	-

	μ
	Friction coefficient
	-

	V
	Vertical forces
	kN

	e
	Eccentricity of resultant load
	m

	B
	Bottom width of the weir
	m

	σHeel
	Computed stress at the heel
	kN/m²

	σToe
	Computed stress at the toe
	kN/m²

	Psh
	Silt pressure
	kN

	Pwh1
	Water pressure at high flood level
	kN

	Pwh2
	Back water pressure
	kN

	Pw
	Weight of water
	kN

	Pu
	Uplift pressure
	kN

	Wg
	Self-weight of the structure
	kN

	Ws
	Silt weight
	kN
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