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Abstract 
This study introduces an integrated framework for analyzing river dynamics and post-flood 

sand regeneration based on modern geodynamics and fluvial sedimentology. Rivers are viewed as 
open geodynamic systems in which flow energy and sediment continuously interact to maintain 
dynamic equilibrium. By synthesizing classical theories of sediment balance, stream power, and 
morphological recovery, the research establishes a three-tier analytical structure linking 
hydraulics, sediment transport, and morphodynamics. The approach is demonstrated through 
applications of MIKE 11/21, HEC-RAS, and CAESAR-Lisflood models in Central Vietnam’s 
river basins, where sand mining and morphological variability are pronounced. Results indicate 
that natural sand regeneration after floods restores about 60–80% of eroded materials, reflecting 
the intrinsic self-recovery capacity of fluvial systems. The study contributes to developing a 
scientific basis for sustainable river sand management and provides a novel perspective on post-
flood morphodynamic recovery in tropical river environments. 

Keywords: Sediment regeneration; Hydrodynamic-sediment modeling; Morphodynamic 
recovery. 

1. Introduction 

1.1. Research Context 
River systems are highly dynamic components of the Earth’s surface, reflecting the 

interactions among climate, topography, geology, and human activity. Fluvial geodynamic 
processes govern the formation, transport, and redistribution of sediments, particularly riverbed 
sand and gravel-resources vital for both economic and ecological functions. 

In Vietnam, these materials are indispensable for construction yet increasingly threatened by 
climate change and human interventions such as damming, channel modification, and 
overexploitation. Frequent extreme floods not only reshape river morphology but also trigger natural 
regeneration of sand resources, forming new sandbars and replenishing deposits after each event. 

However, this regeneration has rarely been examined within the frameworks of modern 
geodynamics and fluvial sedimentology. Most studies emphasize resource estimation or 
morphological change, neglecting the mechanisms that drive natural recovery. As a result, current 
river sand management remains short-term and lacks a scientific basis for assessing the inherent 
resilience of fluvial systems. 

1.2. Scientific Problems and Research Gaps 
Flood processes involve not only destructive erosion but also a depositional–recovery phase 

in which rivers regain energy balance and morphological stability. From a geodynamic standpoint, 
post-flood regeneration of riverbed sand and gravel arises from interactions among flow energy, 
sediment transport, and channel morphology within specific spatial–temporal settings. 

Despite its importance, major knowledge gaps persist. No unified theoretical framework yet 
explains the dynamics and mechanisms of post-flood sediment regeneration, nor do existing 
models fully integrate erosion, transport, deposition, and recovery cycles. The relative influence 
of natural factors (hydraulic forces, topography, grain size) and human impacts (mining, dams, 
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channel modification) remains uncertain. Moreover, quantitative indicators for assessing the 
resilience of riverbed sediments after floods are lacking. 

These gaps underscore the need for a new conceptual and analytical framework that views 
rivers as open geodynamic systems capable of self-adjustment and energy rebalancing through 
continuous sediment exchange. 

1.3. Objectives and Orientation 
Based on the above context and research gaps, this paper aims to: (1) Clarify the research 

perspective on river dynamics in relation to the mechanism of post-flood river sand regeneration, 
grounded in modern geodynamics and fluvial sedimentology; (2) Systematize the theoretical 
foundations of sediment transport, deposition processes, and morphodynamic recovery 
mechanisms of river channels following floods; (3) Propose an integrated conceptual–analytical 
framework for studying and modeling the dynamics of river sand regeneration, serving as a 
foundation for future quantitative and modeling research. 

Rather than focusing on resource assessment or detailed numerical simulations, this study 
primarily seeks to establish a theoretical and methodological foundation for a new field of research 
- “River Dynamics and the Mechanism of Post-Flood River Sand Regeneration” - which holds 
growing practical importance for sustainable management of river sand resources in Vietnam and 
the broader Southeast Asian region. 

2. Research Perspectives 

2.1. Fluvial Geodynamic Approach 

2.1.1. The Geodynamic Nature of River Systems 
From a geodynamic perspective, a river represents an open dynamic system in which the flow 

acts as the carrier of energy, while sediments serve as the medium for transferring both mass and 
energy across space and time. A river does not merely respond passively to external drivers such 
as rainfall, discharge, topography, and human activities; rather, it exhibits self-adjusting behavior, 
continuously striving to maintain the balance of energy and material through the cyclic processes 
of erosion - transport - deposition - recovery (Thien et al., 2016). 

Fluvial dynamics encompass the full suite of physical processes occurring within the flow 
system, including: (1) Flow dynamics, governing the movement and energy distribution of water; 
(2) Sediment transport dynamics, controlling particle entrainment, suspension, and deposition; and 
(c) Morphodynamic feedbacks, which represent the mutual adjustment between flow and channel 
form. These three components are tightly interconnected, forming an integrated geodynamic 
mechanism that governs channel evolution, restructuring, and sediment regeneration following 
each flood cycle. 

2.1.2. Deposition Dynamics and Regeneration Dynamics 
In river systems, deposition occurs as an immediate response to reduced flow energy, forming 

temporary sediment accumulations in low-velocity zones. In contrast, regeneration represents the 
cumulative effect of repeated depositional events combined with sustained sediment input from upstream 
or lateral sources, leading to the reformation and stabilization of sand–gravel bodies after floods. 

Regeneration dynamics therefore extend beyond simple deposition, reflecting the river’s capacity to 
restore morphological stability and sediment balance. This process is governed by several interrelated 
factors: flow energy and direction, sediment supply and composition, pre-flood morphology, flood 
frequency and magnitude, and human interventions such as mining or dam construction. 

Within a fluvial geodynamic framework, these interactions can be interpreted as the river’s 
continuous self-regulation toward dynamic equilibrium between flow energy and sediment load. 
When disturbed by overexploitation, equilibrium may collapse, causing incision or erosion; yet 
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under natural replenishment, the system can recover through geodynamic regeneration (Thien et 
al., 2016). 

2.2. Fluvial Sedimentological Approach 
2.2.1. Characteristics of River Sediments and the Fluvial Sedimentary Cycle 

River sediments result from weathering, transport, deposition, and reworking within a 
dynamic energy regime. From a sedimentological perspective, riverbed sand and gravel form an 
open sedimentary cycle in which materials are mobilized from slopes or banks, transported, and 
repeatedly redeposited until dynamic equilibrium is reached. Key parameters-sorting (So), 
skewness (Sk), median grain size (Md), curvature (Cc), and uniformity (Cu)-quantify sediment 
origin, transport energy, and regeneration processes, which fluctuate markedly during floods, 
reflecting shifts between transport and depositional phases. 
2.2.2. The Role of Floods in Sediment Regeneration 

Floods represent the dominant energy pulse in the fluvial sedimentary cycle. During rising 
stages, increased hydraulic energy erodes and mobilizes sediments; as flow declines, coarser sand 
and gravel settle, forming new layers or sandbars that underpin riverbed regeneration. From a 
sedimentological perspective, regeneration reflects recurrent depositional events governed by 
discharge, sediment supply, and channel morphology. Post-flood features-such as vertical grain-
size variation, alternating erosional-depositional contacts, and cross-bedding-serve as key 
indicators of regeneration cycles, providing a basis for assessing the natural recovery capacity of 
sand-gravel resources after disturbance. 

2.3. Integrated Geodynamic-Sedimentological Perspective 
2.3.1. The River as an Integrated Geodynamic-Sedimentary System 

Modern approaches view the river not merely as a hydraulic corridor, but as an integrated 
fluvial geosystem in which energy, materials, and morphology continuously interact and 
reorganize. Within this framework: Topographic and hydraulic dynamics control flow distribution 
and energy pathways; Sedimentological processes govern the direction and intensity of deposition, 
accretion, and regeneration; and anthropogenic influences act as modulating factors, altering the 
natural equilibrium of the system (Thien et al., 2012). This relationship can be conceptually 
summarized as: Sediment Supply → Flow Energy → Transport → Deposition → Regeneration → 
Dynamic Equilibrium. This cycle provides the theoretical foundation for studying the dynamics 
and mechanisms of river sand regeneration after floods, and for forecasting the recovery of sand-
gravel resources under future scenarios of climate change and human exploitation. 
2.3.2. System Thinking and Evolutionary Approach 

Within this integrated perspective, the study of river sand dynamics and regeneration must be 
grounded in the principles of landscape evolution and the sediment-energy cycle. Systems thinking 
allows rivers to be viewed as evolving entities, where each flood or human intervention represents 
only a phase in the broader morphological adjustment process (Thien, 2014). Therefore, the study 
of riverbed sand-gravel regeneration should not be confined to short-term depositional phenomena, 
but should aim to assess the morphological resilience of the river system, its capacity to: 
Redistribute materials following floods; Maintain or restore sediment balance; and self-adjust 
channel morphology over time. This perspective establishes a new research paradigm: interpreting 
river sand regeneration as a geodynamic indicator of fluvial system health. It has practical 
applications in morphodynamic forecasting, sustainable resource planning, and integrated 
management of water and sediment resources. 
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3.1. Principles of Sediment Balance and Channel Morphological Adjustment 
3.1.1. Mass-Energy Balance in River Systems 

Within the framework of fluvial geodynamics, a river system is conceptualized as a dynamic 
equilibrium system between stream power and sediment load. According to Schumm (1977) and 
Leopold et al. (1964), any alteration in discharge, slope, bed material, or grain size induces 
compensatory adjustments throughout the system to achieve a new state of equilibrium. 

The general form of the sediment continuity equation can be expressed as: 

                                                                                  (1) 

where:  η = bed elevation (m);  
Qs = sediment transport rate along the channel (m³/s); λ = sediment porosity 
This equation indicates that temporal variations in bed elevation (erosion or deposition) are 

governed by spatial gradients in sediment transport rate.When Qs decreases → deposition occurs; 
when Qs increases → erosion dominates. 

During flood stages, Qs rises sharply but unevenly distributed along the channel, leading to 
erosion in high-energy reaches and deposition in low-energy zones. After the flood subsides, the 
system gradually adjusts toward a new equilibrium state, representing the intrinsic mechanism of 
riverbed regeneration. 
3.1.2. The Theory of Dynamic Morphological Equilibrium 

The dynamic morphological equilibrium theory posits that a river channel continuously tends 
to maintain a morphological configuration compatible with its prevailing hydraulic, sedimentary, 
and energy conditions. Flood-induced disturbances temporarily disrupt this balance, after which 
the channel undergoes self-organization to re-establish a more stable form. 

Key controlling factors of morphological equilibrium include: (1) Bankfull discharge, 
representing characteristic channel-forming flow; (2) Channel slope and water-level variability, 
influencing energy distribution; (3) Median grain size (D₅₀) and sediment load, determining 
mobility thresholds; (4) Channel pattern, such as meandering, braided, or bar–island development. 
This theoretical framework provides a basis for explaining the regeneration of riverbed sand and 
gravel as a morphological recovery process directed toward dynamic equilibrium. 

3.2. Stream Power and Sediment Transport Theory 
3.2.1. Stream Energy Intensity and Flow Power 

According to Bagnold (1966), stream power (Ω) is the fundamental measure of a flow’s 
capacity to transport sediment and erode the bed, defined by: Ω = ρ.g.Q.S (2) 

or per unit channel width: ω = Ω.W = ρ.g.Q.S/W (3) 
where: ρ = density of water (kg/m³); g = gravitational acceleration (m/s²); Q = discharge (m³/s); 

S = energy slope; W = channel width (m) 
During flood events, stream power increases sharply, initiating the transport phase 

characterized by strong entrainment and sediment mobility. As discharge declines, flow energy 
dissipates, and the system transitions into the depositional phase. The alternating sequence of these 
two phases - erosion and deposition - constitutes the cyclic process of scouring, sedimentation, 
and regeneration that governs riverbed dynamics. 
3.2.2. Sediment Transport Mechanisms 

Sediment transport in rivers occurs as suspended load-fine silt and sand kept in motion by 
turbulence, and bed load, comprising coarse sand and gravel moving along the bed by rolling, 



222     HỘI NGHỊ KHOA HỌC TOÀN QUỐC VIETGEO 2025  

sliding, or saltation. Empirical formulas by Meyer-Peter and Müller (1948), Engelund and Hansen 
(1967), and Van Rijn (1984) underpin transport simulations in models such as MIKE 11, MIKE 
21C, and HEC-RAS 2D. From a mechanical perspective, river sand regeneration begins when 
shear stress exceeds the critical threshold during floods; as flow energy declines, particles settle in 
low-velocity zones, forming sandbars and depositional layers that, through repeated flood cycles, 
evolve into stable sand bodies, the morphodynamic foundation of riverbed recovery. 
3.3. Post-Flood Morphodynamic Recovery Theory 
3.3.1. Concept and Characteristics 

Morphodynamic recovery denotes the self-adjustment of channel morphology after floods or 
anthropogenic disturbances that disrupt equilibrium. It generally proceeds through three stages: 
(1) Disturbance - intense erosion and channel shifting; (2) Readjustment - sediment deposition and 
partial flow reorganization; and (3) Re-equilibration - establishment of a new quasi-stable form. 
Following Howard (1994) and Phillips (2011), recovery degree depends on the balance between 
sediment supply and flow energy, the extent of morphological alteration, the recurrence of flood 
events, and the intensity of human activities such as sand mining or channel modification. 
3.3.2. Modeling Approaches to Morphodynamic Recovery 

Modern numerical models commonly used to simulate and quantify river channel recovery are 
presented in Table 1. 

Table 1. Selected numerical models commonly applied to assess river recovery capacity 

Model Dimensional Scale Main Features Application in Regeneration 
Studies 

MIKE 11 / MIKE 21C 1D – 2D 
Simulates unsteady 

hydraulics, sediment transport, 
and bed evolution over time 

Predicts erosion-deposition 
patterns and post-flood 

riverbed sand-gravel  
regeneration 

HEC-RAS 2D 2D Models unsteady flow and 
morphodynamic adjustments 

Evaluates recovery following 
extreme flood events 

CAESAR-Lisflood 2D (morphodynamic 
evolution) 

Simulates long-term flow–
sediment interactions 

Analyzes floodplain and bar 
evolution over multi-decadal 

timescales 

Delft3D 2D – 3D Integrates flow, waves, and 
sediment processes 

Investigates estuarine and 
coastal sand–gravel 

regeneration 

These models are founded on the Exner sediment continuity equation coupled with the Saint–
Venant shallow-water equations, providing a robust framework that links flow energy, sediment 
load, and bed morphology dynamics. Collectively, they form the analytical foundation for 
understanding the mechanisms of post-flood river sand regeneration. 
3.4. Sediment–Energy Balance Theory 

According to Ashmore & Church (1998), river systems evolve toward a state of sediment–
energy equilibrium, expressed as: Pinput = Poutput + ΔPstorage (4) 

where: Pinput represents the incoming energy and material flux (from rainfall, slope erosion, or 
upstream sources); Poutput denotes the outgoing flux (sediment deposition in downstream reaches 
or estuaries); ΔPstorage is the change in sediment storage within the basin. 

During flood events, the system experiences a sudden energy input, temporarily breaking the 
equilibrium. The river then self-restores through depositional and regenerative phases, 
reestablishing a new balance. This concept provides the theoretical foundation for assessing the 
natural recovery capacity of river sand resources-an essential aspect of sustainable sediment 
resource management. 
3.5. Integrating Theoretical Foundations: Conceptual Model Framework 

Synthesizing the theories above, a comprehensive conceptual framework for studying the 
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dynamics and mechanisms of river sand regeneration can be outlined as follows: 
- Energy-Sediment Inputs: rainfall, floods, slope erosion, and sediment sources. 
- Geodynamic Processes: transport, erosion–deposition, and channel deformation. 
- Regeneration Phase: cumulative deposition cycles forming stable sand bodies. 
- Morphodynamic Recovery: channel readjustment toward a new equilibrium state. 
- System Feedback: natural recovery potential as an indicator for resource management. 
This framework supports morphodynamic–sediment modeling, enabling evaluation of 

regeneration potential and development of a Morphodynamic Recovery Index (MRI) for river 
basins affected by sand mining. 

4. Methodological Approach and Analytical Framework 
4.1 Methodological Orientation 

Research on post-flood river sand regeneration requires close integration of hydraulic–
sediment modeling, geomorphic analysis, and quantitative field data. The core methodological 
principle states that each regeneration process reflects the spatial–temporal redistribution of 
hydrodynamic energy and sediment mass within the fluvial system. Accordingly, the study 
employs a three-layer analytical framework: (1) Hydrodynamic layer - simulating flow velocity, 
water level, shear stress, and energy; (2) Sediment transport layer - quantifying transport rates, 
erosion–deposition balance, and sediment flux; (3) Morphodynamic layer - analyzing channel-bed 
evolution, bar formation, and mechanisms of sand–gravel recovery. 

4.2 Integration of Numerical Modeling and Field Observation 

To quantify post-flood processes, the study integrates MIKE 11/21, HEC-RAS, and CAESAR-
Lisflood models. Each serves a specific purpose but is linked through a common geodynamic-
sediment framework. 

MIKE 11/21: Hydraulic and Sediment Dynamics: MIKE 11 (1D) simulates longitudinal 
variations in water level, discharge, and energy along the river axis, providing boundary and 
hydrograph inputs. MIKE 21 (2D) resolves flow velocity, shear stress, and eddy–divergence zones 
to define erosion–deposition patterns. Model outputs identify post-flood flow deceleration zones 
favorable for sand–gravel regeneration. 

HEC-RAS: Channel Morphology Analysis: Using the Sediment Transport/Morphology 
module, HEC-RAS quantifies pre-, syn-, and post-flood morphological change, computes erosion-
deposition volumes, and evaluates morphodynamic recovery. Calibration and validation rely on 
ADCP and echosounder–DGPS cross-sectional data. 

CAESAR-Lisflood: Long-Term Morphodynamics: CAESAR-Lisflood simulates basin-scale 
energy distribution and sediment transport, models sandbar formation and stabilization, and 
analyzes long-term trends toward morphological equilibrium under recurring floods. 
4.3 Field Monitoring and Sedimentological Analysis 

Hydromorphological Survey: Field measurements are conducted before, during, and after 
flood seasons to record water level, velocity, depth, and channel geometry. UAV imagery, remote 
sensing, and high-precision sonar–DGPS surveys provide detailed mapping of bar and estuarine 
morphological changes. 

Sediment Sampling and Grain-Size Analysis: Samples from riverbed and floodplain deposits 
are analyzed for grain-size parameters (Md, So, Sk, Cu) and mineral composition (quartz, feldspar, 
lithic fragments) to determine sediment sources. These results distinguish post-flood regenerative 
layers from long-term accumulative deposits, thereby identifying phases of river sand 
regeneration. 
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4.4 Integrated Analytical Framework 

By integrating numerical modeling with field data, a composite analytical framework for river 
sand dynamics and regeneration is established, comprising four components: 

(1) Hydraulic–Morphological Inputs: discharge, flow energy, and bed topography; 
(2) Sediment Response: transport, erosion–deposition, and settling; 
(3) Morphological Feedback: channel adjustment and bar formation; 
(4) Regeneration Assessment: quantifying recovered sand volume, spatial patterns, and 

sustainable use potential. 
This framework maintains longitudinal–lateral connectivity and explicitly links dynamics, 

materials, morphology, and temporal evolution within the river system. 

4.5 Advantages of the Integrated Approach 

The proposed approach enables: (1) Distinction between temporary depositional processes and 
true regenerative dynamics of river sand resources; (2) Quantification of natural sediment recovery 
capacity under varying hydrological conditions; and (3) development of evidence-based tools for 
sustainable sand resource management grounded in geodynamic principles. 

In summary, the integrated modeling-field-sedimentological approach establishes a 
comprehensive analytical foundation for studying river dynamics and sand regeneration mechanisms. 
It represents an advanced research direction well-suited to evaluating the natural recovery potential of 
river sand resources under conditions of climate change and intensive exploitation. 

5. Experimental Applications and Future Research Directions 
5.1 Pilot Applications in Central Vietnam River Basins 

To validate the proposed methodological framework, three representative basins in North 
Central Vietnam-the Thach Han, Gianh, and Nhat Le rivers-were selected. These systems exhibit 
strong geodynamic activity, large flood amplitudes, and intensive sand mining, making them ideal 
for assessing erosion–deposition and post-flood regeneration dynamics. 

Study Areas: (1) Thach Han River: Braided morphology, 6–9 m flood amplitude, and 
numerous transient sandbars; (2) Nhat Le River: Coastal outlet influenced by both floods and tides, 
marking a fluvial–marine transition; (3) Gianh River: Meandering channel dominated by sand–
gravel sediments and high morphological variability. 

Testing Methods: Model integration (MIKE 11/21, HEC-RAS, CAESAR-Lisflood) employed 
time-series data (2016–2023) on rainfall, discharge, and bathymetry, supported by UAV imagery 
and sediment analyses. Initial results show accurate simulation of post-flood bar regeneration and 
quantification of natural sand replenishment, defining the rivers’ intrinsic recovery thresholds. 
5.2 Preliminary Results on CLS Regeneration Dynamics 

Spatial Distribution: Simulations and field data show that regeneration zones typically develop 
at channel expansions, meander bends, confluences, and estuaries where flow energy decreases, 
as well as downstream of obstacles (bars, bed steps, bridge piers) that generate local reverse flows. 

Hydrodynamic and Morphological Controls: When flood energy declines, medium-to-coarse 
sand settles selectively, while branching and stepped morphologies enhance stable bar formation 
instead of temporary deposits. 

Sediment Balance: Model results indicate that after medium floods (T = 50 years), natural 
regeneration restores about 60–80% of eroded sediment. Under large floods (T = 100 years), 
alternating erosion–deposition cycles intensify but maintain overall sediment equilibrium, 
provided human extraction remains within natural recovery limits. 
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5.3 Scientific and Practical Significance 

Scientific Significance: Confirms the natural regenerative capacity of river sand resources 
under suitable hydrodynamic conditions; Provides a quantitative foundation for the concept of 
regenerative dynamics-a novel approach in modern fluvial geodynamics; Contributes to the 
development of the dynamic sediment balance theory, incorporating the concept of post-flood 
morphological recovery. 

Practical Significance: Establishes a basis for sustainable sand mining regulation aligned with 
natural regeneration cycles; Supplies data for river resource planning, erosion control, and 
morphological conservation; Supports post-mining rehabilitation strategies, integrating 
geodynamic monitoring with climate adaptation policies. 
5.4 Future Research Directions 

Future work will focus on: 
Fluvial-Coastal Connectivity Modeling: Linking riverine and coastal processes to assess 

sediment transport from upstream to estuaries under climate change scenarios. 
Advanced Sensing and Big Data: Using ADCP, LiDAR, UAV mapping, and machine learning 

to identify erosion-deposition zones and quantify sediment budgets automatically. 
Sediment Recovery Index (SRI): Developing an index to measure each river reach’s post-

flood self-replenishment capacity for sustainable sand management. 
Policy Integration: Applying the Extract-Monitor-Regenerate (EMR) framework to connect 

geodynamic science with natural resource governance. 

6. Conclusion 
This study introduces an integrated framework for analyzing river dynamics and post-flood sand 

regeneration based on modern geodynamics and fluvial sedimentology. Key findings are as follows: 
(1) Research Perspective: Rivers are conceptualized as open geodynamic systems with 

continuous energy-material exchange, while sedimentology explains the spatial-temporal 
redistribution of materials through transport and deposition. Their integration establishes a unified 
framework linking hydrodynamics, morphology, and sediment processes. 

(2) Theoretical and Methodological Basis: Classical concepts of sediment budget, stream 
power, and morphodynamic equilibrium provide the foundation for assessing sediment transport 
and recovery. The combined use of MIKE, HEC-RAS, and CAESAR models with field and UAV-
LiDAR data enables multi-scale simulation of post-flood regeneration. 

(3) Applications and Outlook: Pilot studies in Central Vietnam validate the framework’s 
applicability. Future research should extend to diverse basins, integrating remote sensing, IoT-
based sensors, and real-time modeling to enhance predictive capacity and support sustainable river 
sand management. 
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