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Reservoir Sedimentation and Management: 
From Sediment Trapping to Sustainable 
Operation 
Executive Summary 
Reservoir sedimentation represents a critical challenge to global water security and is 
characterized by systematic loss of storage capacity and disruption of river sediment continuity. 
Current estimates indicate that reservoirs worldwide lose approximately 0.5–1% of storage 
capacity annually. To date, approximately 13–19% of the original global storage volume has 
already been lost, with projections suggesting this value could reach 26% by 2050. 

The impacts of sedimentation extend well beyond storage loss and include: 

• turbine abrasion caused by fine sand particles,  
• reduced flood-control capacity,  
• downstream ecological degradation due to sediment starvation.  

Effective management increasingly requires a transition from traditional sediment trapping 
concepts toward sustainable sediment balance frameworks. This document summarizes the 
physical mechanisms of sedimentation, modeling approaches, and a four-tiered strategy for long-
term reservoir management. 

 

1. Global Context and Engineering Impacts 
Reservoirs function as artificial control points that interrupt natural downstream sediment 
transport. This interruption produces significant engineering, economic, and environmental 
consequences. 

1.1 Storage Loss and Water Security 
Loss of active storage capacity increases the reservoir volume required to maintain the same 
water supply and hydropower production. 

Regional Projections 

Data extending from 2022–2050 indicate substantial storage losses in many regions. For 
reservoirs smaller than: 
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1 × 106 m3 
 

countries such as Brazil, Mexico, and Spain may experience storage losses exceeding: 

50% 
 

by 2050. 

Design Life 

Reservoir design life is traditionally defined as the point where: 

𝑉𝑉(𝑡𝑡) = 0.5𝑉𝑉0 
 

where: 

• 𝑉𝑉0= initial storage capacity  
• 𝑉𝑉(𝑡𝑡)= storage capacity at time 𝑡𝑡 

 

1.2 Engineering and Infrastructure Risks 

Turbine Abrasion 

Fine sediment particles within the approximate range: 

0.1 mm < 𝑑𝑑 < 1.0 mm 
 

can significantly accelerate wear of hydropower equipment. 

 

Intake Blockage 

Delta progradation may advance toward reservoir intake structures: 

𝑥𝑥delta → 𝑥𝑥intake 
 

potentially reducing operational efficiency. 
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Flood Risk 

Loss of flood attenuation volume: 

𝑉𝑉𝑓𝑓 ↓ 
 

may require: 

• operational modifications,  
• structural compensation,  
• flood-control redesign.  

 

1.3 Environmental Consequences 

Sediment Starvation 

Reservoir sediment trapping reduces sediment supply to downstream channels: 

𝑄𝑄𝑠𝑠,downstream < 𝑄𝑄𝑠𝑠,natural 
 

which may produce: 

• channel incision,  
• bed-material starvation,  
• infrastructure instability.  

Examples include: 

• Colorado River downstream of Hoover Dam.  

 

Delta Subsidence 

Coastal deltas such as the Nile and Mekong systems increasingly experience subsidence due to 
reduced sediment delivery: 

𝑄𝑄𝑠𝑠,delta ↓ 
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2. Physical Mechanisms of Sedimentation 
Sedimentation is fundamentally governed by disruption of sediment continuity and associated 
changes in transport capacity. 

The process may be represented by the Exner equation: 

∂𝑧𝑧𝑏𝑏
∂𝑡𝑡

= −
1

1 − 𝜆𝜆𝑝𝑝
∂𝑞𝑞𝑠𝑠
∂𝑥𝑥

 

 

where: 

• 𝑧𝑧𝑏𝑏= bed elevation  
• 𝜆𝜆𝑝𝑝= bed porosity  
• 𝑞𝑞𝑠𝑠= sediment transport rate per unit width  

Within reservoirs: 

∂𝑞𝑞𝑠𝑠
∂𝑥𝑥

< 0 
 

thus: 

∂𝑧𝑧𝑏𝑏
∂𝑡𝑡

> 0 
 

indicating sediment deposition and bed aggradation. 

 

2.1 Sediment Inflow Components 
Sediment enters reservoirs through: 

• watershed erosion,  
• channel transport,  

typically delivered during flood-driven sediment pulses. 
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Bed Load 

Bed load consists of coarse particles that deposit rapidly upon entering lower-velocity reservoir 
conditions. 

Suspended Load 

Suspended sediment consists of finer particles that travel farther into the reservoir before 
deposition occurs. 

 

2.2 Trap Efficiency 
Trap efficiency is defined as: 

𝑇𝑇𝑇𝑇 =
Sediment retained
Sediment inflow

 
 

 

Traditional Perspective: Brune Curve (1953) 

Traditional empirical relationships express: 

𝑇𝑇𝑇𝑇 = 𝑓𝑓 �
𝐶𝐶
𝐼𝐼
� 

 

where: 

• 𝐶𝐶= reservoir capacity  
• 𝐼𝐼= annual inflow volume  

The Brune relationship assumes: 

• steady conditions,  
• homogeneous sediment,  
• no operational effects,  
• no density-current effects.  

Generally: 

𝐶𝐶 ↑⇒ 𝑇𝑇𝑇𝑇 ↑ 
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Modern Perspective 

Modern extensions incorporate: 

• Computational Fluid Dynamics (CFD),  
• event-based modeling,  
• density-current effects,  
• sediment heterogeneity.  

 

3. Spatial and Temporal Patterns of 
Deposition 
Sediment deposition is nonuniform and follows characteristic spatial patterns. 

3.1 Longitudinal Sorting Zones 
Sediment sorting depends on the relationship between settling velocity and flow velocity. 

Deposition occurs when: 

𝑉𝑉𝑠𝑠 > 𝑉𝑉 
 

Transport continues when: 

𝑉𝑉𝑠𝑠 < 𝑉𝑉 
 

where: 

• 𝑉𝑉𝑠𝑠= settling velocity  
• 𝑉𝑉= flow velocity  

Typical reservoir zones include: 

Delta Zone (Topset/Foreset) 

• gravel,  
• coarse sand.  
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Transition Zone 

• intermediate sediment sizes.  

 

Fine Sediment Zone (Bottomset) 

• silt,  
• clay,  
• lakebed deposits.  

 

3.2 Settling Conditions 
For fine particles, settling velocity may be estimated using Stokes' law: 

𝑉𝑉𝑠𝑠 =
(𝑠𝑠 − 1)𝑔𝑔𝑑𝑑2

18𝜈𝜈
 

 

where: 

• 𝑠𝑠= specific gravity  
• 𝑑𝑑= particle diameter  
• 𝜈𝜈= kinematic viscosity  

Settling classifications include: 

Type I Settling 

Discrete particles. 

Type II Settling 

Flocculating particles in dilute suspension. 

Type III Settling 

Flocculated particles in concentrated suspension. 
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3.3 Density (Turbidity) Currents 
Density currents occur when: 

𝜌𝜌sediment-water > 𝜌𝜌clear water 
 

These flows: 

• transport fine sediment directly toward the dam,  
• may reduce effective trap efficiency,  
• can potentially be vented through low-level outlets.  

 

4. Modeling and Decision Frameworks 
Prediction of reservoir sedimentation requires multiscale approaches coupling watershed, 
channel, and reservoir processes. 

Model Type Examples Main Applications 
1D Models HEC-RAS, HEC-6, MOBED Channel aggradation/degradation 

2D/3D Models Delft3D, TELEMAC, 
CCHE3D Density currents, localized scour 

Watershed Models SWAT, WEPP, WATEM Soil erosion and sediment yield 
Emerging 
Technologies Machine Learning Large reservoirs under changing 

conditions 
 

5. Management Strategies 
Long-term sustainable operation generally relies on four categories of sediment management. 

Strategy 1: Reduce Sediment Inflow 
Approaches include: 

• contour farming,  
• terracing,  
• vegetation restoration,  
• check dams.  
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Typical sheet/rill erosion reduction: 

50% − 80% 
 

Vegetation restoration may reduce sediment yield by: 

30% − 70% 
 

 

Strategy 2: Sediment Routing 
Objective: 

Maintain sediment continuity: 

𝑄𝑄𝑠𝑠,out → 𝑄𝑄𝑠𝑠,in 
 

Methods include: 

• bypass tunnels,  
• sediment sluicing,  
• turbidity current venting.  

 

Strategy 3: Remove Deposited Sediment 
Methods include: 

Hydraulic Flushing 

Can remove approximately: 

30% 
 

of deposits under favorable conditions. 

Pressure Flushing 

Effective primarily for localized scour. 
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Mechanical Dredging 

Typical cost: 

5 − 15 $/𝑚𝑚3 
 

Major limitations include: 

• spoil disposal,  
• turbidity plumes,  
• environmental impacts.  

 

Strategy 4: Adaptation 
“Living with sediment” involves adapting infrastructure rather than attempting complete 
restoration of sediment balance. 

Examples include: 

• raising dam height,  
• modifying intake locations,  
• decommissioning or repurposing aging reservoirs.  

 

Key Takeaways 
• Reservoir sedimentation is fundamentally a sediment continuity problem rather than 

simply a storage-loss problem.  
• Sedimentation creates engineering, environmental, and operational consequences.  
• Modern approaches increasingly emphasize sediment balance rather than sediment 

trapping.  
• Sustainable reservoir management requires integrated watershed, hydraulic, operational, 

and infrastructure strategies.  
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