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Abstract 
Sediment characterization is one of the most influential stages in beach nourishment projects because it directly affects borrow sediment 

selection, compatibility assessment, overfill estimation and, ultimately, project performance. During the last decade, several methodological 
developments have progressively improved the reliability of sediment characterization by addressing practical problems frequently encountered 
during field sampling, laboratory analysis and engineering design. This paper reviews these developments from an engineering perspective, 
emphasizing representative sediment sampling within trailing suction hopper dredgers, improvements in grain-size analysis, advances in laboratory 
procedures, new approaches for sediment compatibility assessment and recent developments in monitoring techniques. Rather than providing an 
exhaustive review of beach nourishment practice, the paper summarizes a coherent sequence of methodological advances that have reduced common 
sources of error throughout the quality-control process. Practical recommendations are provided for engineers involved in beach nourishment 
design and construction, while future research needs are also discussed. The review highlights how relatively simple methodological improvements 
can substantially increase the reliability of engineering decisions without increasing project complexity or cost.
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Introduction

Beach nourishment has become one of the most effective and 
widely adopted soft-engineering techniques for mitigating coast-
al erosion while preserving the recreational, environmental and 
protective functions of sandy beaches. During the last five decades, 
thousands of nourishment projects have been successfully com-
pleted worldwide, transforming beach nourishment from isolated 
engineering interventions into a mature coastal management strat 

 
egy supported by well-established design procedures, construction 
techniques and monitoring programmes [1-5].

Regardless of project size or location, every nourishment proj-
ect begins with the same fundamental engineering question: is the 
borrow sediment suitable for the beach that will receive it? An-
swering this question requires reliable sediment characterization. 
Borrow-area selection, compatibility assessment, overfill estima-
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tion and construction quality control all depend on the accurate 
determination of sediment properties. Consequently, the reliabili-
ty of these engineering decisions cannot exceed the quality of the 
sedimentological information on which they are based. Many of the 
methodological questions discussed in this review originated from 
earlier investigations on beach-profile variability and sediment be-
haviour carried out during the development of coastal morphody-
namic studies [6], and were subsequently refined through applica-
tions to beach nourishment engineering.

Traditionally, sediment characterization has relied on statisti-
cal descriptors of grain-size distributions, including median grain 
diameter (D50), sorting coefficient, skewness and kurtosis (Folk 
and Ward, 1957) [7-10]. These parameters remain fundamental to 
beach nourishment design because they provide a concise descrip-
tion of sediment characteristics and constitute the basis of most 
compatibility and overfill methods currently used in engineering 
practice. However, practical experience accumulated during nour-
ishment projects has demonstrated that obtaining reliable grain-
size parameters is often considerably more challenging than gen-
erally assumed. Representative sampling, laboratory methodology 
and data processing may each introduce systematic errors capable 
of propagating throughout the entire design process.

Over the last decade, a series of complementary methodologi-
cal developments has progressively addressed these practical lim-
itations. Rather than proposing new morphodynamic models or 
alternative nourishment strategies, these studies have focused on 
improving the successive stages of sediment characterization itself, 
including representative sampling inside trailing suction hopper 
dredgers, laboratory grain-size analysis, rapid sample preparation, 
compatibility assessment based on complete grain-size distribu-
tions and post-nourishment verification. Collectively, these devel-
opments constitute a coherent methodological framework aimed 
at improving the reliability, repeatability and operational applica-
bility of sediment characterization in beach nourishment projects 
[11-16].

Most of these methodological advances originated from prac-
tical engineering questions raised during real nourishment proj-
ects and works rather than from purely theoretical research. Does 
a grab sample collected from the surface of a hopper dredger ad-
equately represent the entire sediment load? Can manual sieving 
provide results comparable to those obtained using standardized 
mechanical shakers? Does sieve diameter influence the calculated 
grain-size parameters? Can microwave drying replace conventional 
oven drying without compromising analytical accuracy? Are tradi-
tional compatibility methods still appropriate for increasingly het-
erogeneous borrow sediments? Addressing these apparently sim-
ple questions has progressively refined sediment characterization 
procedures while providing practical solutions that can be readily 
incorporated into routine engineering practice.

The methodological developments reviewed in this paper are 
organized according to the chronological sequence of a typical 
beach nourishment project. As illustrated in Figure 1, sediment 

characterization is considered as a continuous quality-control pro-
cess extending from borrow-area investigation to post-construc-
tion verification. Within this framework, Figure 2 summarizes the 
principal methodological advances achieved during recent years 
and their contribution to improving representative sampling, labo-
ratory analysis, compatibility assessment and field verification.

Unlike previous reviews dealing with beach nourishment from 
broader perspectives such as coastal management, monitoring 
strategies or climate-change adaptation [2,4,5,17], the present 
contribution focuses specifically on recent methodological devel-
opments in sediment characterization. Its objective is not to pro-
vide an exhaustive review of sedimentological techniques but to 
summarize practical advances that have demonstrated their value 
under operational conditions and discuss their implications for en-
gineering practice.

Although the present review concentrates on methodological 
developments in sediment characterization, these advances should 
be interpreted within the broader evolution of beach nourishment 
practice. Recent international reviews have documented the in-
creasing importance of nourishment as a coastal adaptation strat-
egy, together with advances in monitoring technologies, environ-
mental assessment and long-term project evaluation [18-22]. In 
parallel, several case studies have illustrated how monitoring and 
performance assessment contribute to improving nourishment de-
sign and management over successive projects [23-25].

The paper follows the same sequence encountered during a 
typical nourishment project. Section 2 reviews representative sed-
iment sampling, from borrow-area characterization to quality con-
trol aboard trailing suction hopper dredgers. Section 3 discusses 
recent advances in laboratory grain-size analysis, including manual 
versus mechanical sieving, the influence of sieve diameter and rap-
id microwave drying. Section 4 examines recent developments in 
sediment compatibility assessment and overfill estimation, while 
Section 5 addresses post-nourishment verification and future per-
spectives. Together, these methodological advances illustrate how 
improving sediment characterization can strengthen quality con-
trol throughout the entire beach nourishment process while sup-
porting more reliable engineering decisions.

Representative Sediment Sampling

Sampling as the First Stage of Quality Control

Representative sediment sampling constitutes the foundation 
of every beach nourishment project because all subsequent engi-
neering decisions depend on the quality of the material collected 
during field investigations. Grain-size analysis, compatibility as-
sessment and overfill estimation assume that the analysed sample 
accurately represents the borrow sediment that will eventually be 
dredged and placed on the beach. If this assumption is not fulfilled, 
even highly accurate laboratory analyses may lead to erroneous en-
gineering decisions. Figure 2 illustrates the principal stages of sed-
iment characterization during a typical beach nourishment project, 
from field sampling to post-construction monitoring.

ahttp://dx.doi.org/10.33552/CTCSE.2026.12.000789


Citation: Juan J Muñoz Perez*. Recent Advances in Sediment Characterization for Beach Nourishment: Practical Developments in 
Sampling, Analysis and Compatibility Assessment. Cur Trends Civil & Struct Eng. 12(4): 2026. CTCSE.MS.ID.000789. 
DOI: 10.33552/CTCSE.2026.12.000789.

Current Trends in Civil & Structural Engineering                                                                                                              Volume 12-Issue 4

Page 3 of 12

Figure 1: Integrated framework for sediment characterization in beach nourishment projects, linking representative sampling, laboratory grain-
size analysis, compatibility assessment, engineering decision-making and post-construction verification within a continuous quality-control 
process.
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Figure 2: Representative stages of sediment characterization during a typical beach nourishment project. The photographs illustrate the 
methodological developments reviewed in this paper, including borrow-area sampling, representative sediment collection inside trailing suction 
hopper dredgers, laboratory grain-size analysis, rapid sample preparation and post-nourishment monitoring using UAV-based surveys.

Figure 1: Integrated framework for sediment characterization 
in beach nourishment projects, linking representative sampling, 
laboratory grain-size analysis, compatibility assessment, engineer-
ing decision-making and post-construction verification within a 
continuous quality-control process.

Borrow-area investigations have traditionally combined bathy-
metric surveys, geophysical exploration and sediment sampling to 
identify suitable deposits and estimate available sediment volumes 
[26-28]. Within this framework, considerable attention has been 
devoted to the spatial distribution of sediment types, the presence 
of unsuitable layers and the estimation of exploitable reserves. 
However, comparatively less attention has been paid to the repre-
sentativeness of individual sediment samples, despite their direct 
influence on the subsequent characterization process.

Natural borrow areas frequently exhibit significant spatial vari-
ability resulting from differences in depositional environments, 
sediment transport pathways and local hydrodynamic conditions. 
Consequently, sampling density, sampling depth and sample lo-
cation should not be regarded as routine field procedures but as 
fundamental elements of engineering quality control. These recom-
mendations are fully consistent with the principles established in 
the classical Shore Protection Manual [29], where representative 
sediment characterization was already recognized as a prerequisite 
for successful beach-fill design, although subsequent methodologi-
cal developments have substantially refined both sampling and lab-
oratory procedures.

Representative Sampling within Hopper Dredgers

Representative sampling becomes even more challenging once 
dredging operations begin. During construction, quality control 
commonly relies on sediment samples collected directly from the 
hopper of trailing suction hopper dredgers in order to verify that 
the material being transported complies with project specifica-
tions. Conventional practice has generally assumed that the sedi-
ment stored inside the hopper is sufficiently homogeneous for sur-
face grab samples to represent the entire load. Nevertheless, this 
assumption had received little experimental verification until re-
cent methodological studies specifically addressed this issue.

Poullet [12] demonstrated that significant vertical grain-size 
variations may develop inside hopper dredgers as a consequence 
of hydraulic segregation during loading. Their results showed that 
samples collected exclusively from the upper surface may not ac-
curately represent the complete sediment load, particularly when 
coarse and fine fractions become vertically stratified. Consequently, 
quality-control decisions based solely on grab samples may intro-
duce systematic bias into sediment characterization. 

To overcome this limitation, the authors proposed a percus-
sion-core sampling procedure capable of recovering representa-
tive sediment columns throughout the entire hopper depth. The 
methodology not only provided more representative grain-size dis-
tributions but also allowed the internal variability of the dredged 
material to be quantified for the first time under operational con-
ditions. These findings represent an important methodological ad-
vance because they demonstrate that sampling strategy itself may 
constitute one of the principal sources of uncertainty during beach 
nourishment quality control.
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Engineering Implications

The studies reviewed above reinforce a fundamental principle 
of sediment characterization: laboratory precision cannot compen-
sate for inadequate sampling. Regardless of the sophistication of 
subsequent analytical procedures, reliable engineering decisions 
require representative field samples.

From a practical perspective, representative sediment sam-
pling should incorporate four basic principles:

•	 characterize the spatial variability of the borrow area be-
fore defining sampling locations;

•	 adapt sampling density to sediment heterogeneity rather 
than applying fixed sampling intervals;

•	 avoid relying exclusively on surface grab samples during 
hopper quality control;

•	 employ standardized sampling protocols throughout 
project execution to ensure repeatability and comparability.

These recommendations require only minor modifications to 
conventional field procedures but substantially improve the reli-
ability of grain-size analysis, sediment compatibility assessment 
and subsequent engineering design. Finally, representative sam-
pling should be regarded as the first stage of an integrated qual-
ity-control methodology rather than as an isolated field activity. 
Once representative material has been collected, attention shifts 
to the laboratory, where grain-size distributions are determined 
and transformed into the engineering parameters used throughout 
nourishment design. The following section therefore examines re-
cent methodological developments aimed at improving the reliabil-
ity and reproducibility of laboratory grain-size analysis.

Advances in Grain-Size Analysis

Laboratory Analysis: More Than a Routine Procedure

Once representative sediment samples have been collected, lab-
oratory analysis transforms field observations into the engineering 
parameters used for nourishment design. Median grain size (D50), 
sorting coefficient, skewness and kurtosis constitute the basis of 
sediment compatibility assessment, overfill estimation and sever-
al predictive models commonly employed in coastal engineering 
(Folk and Ward, 1957) [7,9,10].

Because grain-size analysis is routinely performed in sediment 
laboratories worldwide, the analytical procedures themselves are 
often assumed to be standardized and fully reproducible. In prac-
tice, however, several methodological decisions adopted during 
sample preparation and sieving may significantly influence the 
resulting grain-size distribution. Until recently, these sources of 
variability had received comparatively little attention, despite their 
direct implications for engineering design.

Recent methodological investigations have demonstrated that 
apparently minor laboratory procedures-including the sieving tech-
nique, sieve dimensions and drying method-may introduce system-
atic differences in the calculated sediment parameters. Although 
these differences are generally small from a sedimentological per-

spective, they may become significant when borrow and native 
sediments exhibit only slight differences in grain-size distribution. 
The importance of rigorous particle-size analysis has long been 
recognized in sedimentology [30]. However, only recently have its 
practical implications for engineering quality control during beach 
nourishment projects been evaluated in a systematic manner.

Manual versus Mechanical Sieving

Mechanical sieving using standardized laboratory shakers has 
traditionally been regarded as the reference procedure for grain-
size analysis because it provides controlled vibration conditions 
and excellent repeatability. Nevertheless, manual sieving continues 
to be widely used during dredging campaigns, preliminary field in-
vestigations and onboard quality-control operations, where labo-
ratory equipment is frequently unavailable. Despite its widespread 
application, the equivalence between manual and mechanical siev-
ing had rarely been evaluated under controlled experimental con-
ditions. Poullet et al. [13] addressed this issue by comparing both 
procedures using identical sediment samples analysed under stan-
dardized laboratory conditions.

Their results demonstrated that manual sieving may produce 
systematic differences in grain-size parameters, particularly for 
median grain size (D50) and kurtosis. Rather than representing 
random analytical variability, these differences reflected the dis-
tinct particle movement generated by manual and mechanical shak-
ing. Consequently, datasets obtained using different sieving proce-
dures should not automatically be considered directly comparable. 
From an engineering perspective, these findings emphasize that 
analytical methodology should always accompany reported grain-
size parameters. Mechanical sieving should therefore be regarded 
as the preferred procedure whenever compatibility assessment or 
contractual quality control depends on laboratory results.

Does Sieve Diameter Influence Grain-Size Distribution?

Portable sieve sets used during nourishment works common-
ly employ smaller sieve diameters than those recommended for 
conventional laboratory analysis. Although these portable systems 
greatly facilitate onboard operations, their potential influence on 
grain-size distributions had remained largely unexplored.

[14] investigated this issue by comparing analyses performed 
using sieve sets of different diameters while maintaining identical 
sediment samples and laboratory procedures. The study demon-
strated that reducing sieve diameter may systematically modify 
grain-size distributions, particularly for medium and coarse sands 
where particle flow through the mesh becomes increasingly con-
strained.

The practical implications are particularly relevant for beach 
nourishment projects. Differences attributed to laboratory equip-
ment may approach or even exceed the natural differences ob-
served between native and borrow sediments. Under these circum-
stances, engineering decisions regarding sediment compatibility 
may become influenced by analytical methodology rather than by 
genuine sediment characteristics. These findings support the need 
for standardized laboratory equipment and highlight the impor-
tance of documenting analytical procedures whenever grain-size 
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distributions are compared between laboratories or successive 
monitoring campaigns.

Rapid Sample Preparation: Microwave Drying

Drying constitutes an essential stage of grain-size analysis be-
cause moisture content directly affects sediment weight and the 
subsequent calculation of particle-size distributions. Conventional 
oven drying remains the standard laboratory procedure but typ-
ically requires several hours before samples become suitable for 
sieving. Although this delay is generally acceptable during labora-
tory investigations, it may become operationally restrictive during 
active nourishment works, where engineers often require rapid in-
formation regarding sediment suitability.

To address this limitation, López-García et al. [14] evaluated the 
feasibility of replacing conventional oven drying with controlled 
microwave drying. Experimental comparisons demonstrated excel-
lent agreement between both methodologies while reducing pro-
cessing time from several hours to only a few minutes. Differenc-
es in D50 and the remaining statistical parameters remained well 
within the uncertainty generally accepted for routine engineering 
applications. The methodology therefore offers an attractive alter-
native for rapid quality control during dredging operations, partic-
ularly when engineering decisions must be taken within the opera-
tional timescale of construction activities.

Engineering Implications

Collectively, these methodological developments demonstrate 
that laboratory analysis should no longer be regarded as a purely 
routine operation. Instead, it constitutes a critical stage of engi-
neering quality control whose reliability depends on standardized 

analytical procedures as much as on instrument precision.

The principal practical implications emerging from these stud-
ies can be summarized as follows:

•	 representative sampling must be complemented by stan-
dardized laboratory procedures;

•	 manual and mechanical sieving should not be considered 
interchangeable without prior calibration;

•	 sieve dimensions should remain consistent throughout a 
project and between successive monitoring campaigns;

•	 microwave drying provides an efficient alternative for 
rapid sediment characterization during nourishment works;

•	 laboratory methodology should always be reported to-
gether with grain-size parameters whenever engineering deci-
sions depend on sediment compatibility.

Taken together, these developments substantially improve the 
reproducibility of grain-size analysis while reducing avoidable 
uncertainty in sediment compatibility assessment. Once reliable 
grain-size distributions have been obtained, the next engineering 
challenge consists of determining whether the borrow sediment 
is genuinely compatible with the native beach and estimating the 
additional fill volume required to achieve long-term nourishment 
performance.

Figure 3 summarizes how recent methodological developments 
have progressively integrated representative sampling, laboratory 
characterization, compatibility assessment and monitoring into a 
unified quality-control workflow for beach nourishment projects.

Figure 3: Integrated quality-control workflow for beach nourishment projects. Recent methodological developments have progressively 
strengthened each stage of sediment characterization, from representative sampling and laboratory analysis to compatibility assessment, 
construction quality control and post-nourishment monitoring, establishing a continuous feedback process that supports improved engineering 
practice.
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Sediment Compatibility Assessment

From Grain-Size Parameters to Engineering Decisions

The ultimate objective of sediment characterization is not sim-
ply to describe sediment properties but to support engineering 
decisions regarding borrow sediment selection and nourishment 
design. Once representative grain-size distributions have been ob-
tained, engineers must determine whether the borrow sediment 
is sufficiently compatible with the native beach to ensure satisfac-
tory long-term performance. For several decades, sediment com-
patibility has been evaluated using statistical descriptors such as 
median grain size (D50), sorting coefficient and, occasionally, fine 
sediment content [7,8,10]. These parameters provide a convenient 
and concise description of sediment characteristics and remain 
widely used in engineering practice because of their simplicity and 
straightforward interpretation.

However, reducing complex sediment distributions to one or 
two representative parameters inevitably implies a loss of informa-
tion. Natural beach sediments frequently exhibit multimodal dis-
tributions, carbonate-rich fractions or heterogeneous mixtures that 
cannot be adequately represented by a single characteristic diam-
eter. Consequently, sediments with similar D50 values may exhibit 
different hydraulic behaviour after placement, while apparently 
dissimilar sediments may perform in a comparable manner under 
wave action. These limitations have progressively motivated the de-
velopment of compatibility methodologies capable of considering 
the complete grain-size distribution rather than isolated statistical 
parameters.

Compatibility Based on Complete Grain-Size Distribu-
tions

One of the most significant methodological advances achieved 
during recent years has been the transition from parameter-based 
comparisons towards distribution-based compatibility assess-
ment. Pranzini et al. [11] introduced the Stability Index (SI), a 
probabilistic methodology that evaluates the hydraulic behaviour 
of every grain-size fraction within the borrow sediment. Instead of 
comparing only representative statistical parameters, the method 
considers the probability that each fraction will remain within the 
nourished beach after placement.

From an engineering perspective, this approach offers several 
advantages. First, it avoids the implicit assumption that sediment 
distributions follow ideal log-normal behaviour. Second, it can be 
applied to heterogeneous borrow sediments frequently encoun-
tered in offshore deposits. Finally, it provides engineers with a 
more physically meaningful description of sediment compatibility 
by directly considering the expected stability of individual grain-
size fractions.

This concept is also consistent with earlier experimental work 
based on sediment tracers, which demonstrated that individual 
grain-size fractions may exhibit substantially different transport 
velocities under identical hydrodynamic conditions [31]. These ob-
servations anticipated the need for compatibility approaches capa-
ble of considering the behaviour of the complete grain-size distri-

bution rather than relying exclusively on representative statistical 
parameters. The Stability Index therefore represents an important 
conceptual evolution in compatibility assessment, extending the 
analysis from simple sediment description towards prediction of 
post-placement behaviour.

Improving Overfill Estimation

Compatibility assessment and overfill estimation constitute 
two complementary stages of the same engineering process. Once 
borrow sediment has been considered acceptable, the additional 
sediment volume required to compensate for the preferential loss 
of finer fractions must be estimated. The methodology proposed by 
James [8] remains the most widely adopted procedure for calcu-
lating the overfill ratio and has been incorporated into numerous 
engineering manuals and practical guidelines. Its robustness and 
simplicity largely explain its continued application in beach nour-
ishment projects worldwide.

Nevertheless, increasing experience with heterogeneous bor-
row sediments has revealed some limitations associated with ap-
proaches based exclusively on statistical descriptors. Recent inves-
tigations by Contreras-de-Villar et al. [32] proposed an alternative 
methodology that directly compares the complete grain-size distri-
butions of native and borrow sediments instead of relying solely on 
representative parameters. Application of the new methodology to 
several representative nourishment cases demonstrated that con-
ventional approaches may overestimate the required fill volume 
when sediment distributions deviate significantly from idealized 
assumptions. By incorporating the complete grain-size distribu-
tion, the proposed overfill ratio provides estimates that more close-
ly reflect the actual hydraulic behaviour of the borrow sediment.

Although additional validation under different coastal envi-
ronments is still desirable, these results suggest that more realistic 
overfill estimates may reduce unnecessary dredging volumes while 
maintaining project performance, thereby producing significant 
economic benefits for large-scale nourishment projects.

Practical Implications for Beach Nourishment Design

The methodological developments reviewed above illustrate 
a gradual evolution in sediment compatibility assessment. Rather 
than replacing traditional engineering practice, recent advances 
complement classical methods by incorporating a more detailed 
description of sediment characteristics.

Several practical recommendations emerge from these inves-
tigations:

•	 sediment compatibility should be evaluated using the 
complete grain-size distribution whenever sufficient data are 
available;

•	 D50 should be regarded as an initial indicator rather than 
the sole compatibility criterion;

•	 heterogeneous borrow sediments require methodologies 
capable of accounting for non-standard grain-size distribu-
tions;
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•	 compatibility assessment and overfill estimation should 
be considered complementary components of the same engi-
neering workflow;

•	 improved sediment characterization may produce signif-
icant economic savings by optimizing borrow sediment selec-
tion and reducing unnecessary fill volumes.

These developments demonstrate that advances in compatibili-
ty assessment are closely linked to improvements in sediment char-
acterization. As laboratory analyses become more reliable and rep-
resentative, compatibility methodologies can exploit increasingly 
detailed sediment information, leading to more robust engineer-
ing decisions. The final stage of this process consists of verifying 
whether the predicted sediment behaviour is confirmed under field 
conditions. Consequently, post-nourishment monitoring should be 
regarded as the natural continuation of sediment characterization 
rather than as an independent engineering activity.

Field Verification and Future Perspectives

Sediment Characterization Does Not End at Construction

Sediment characterization is generally regarded as a de-
sign-stage activity whose primary objective is to support borrow 
sediment selection and nourishment planning. However, once con-
struction has been completed, the placed material immediately 
becomes subject to wave action, tidal currents and wind-induced 
sediment transport. As a consequence, the grain-size distribution 
of the nourished beach progressively evolves through selective 
transport, sorting and mixing with the native sediment.

This natural evolution demonstrates that sediment compatibil-
ity should not be interpreted as a static property determined before 
construction, but rather as a dynamic process whose validity can 
only be confirmed through post-nourishment monitoring. Conse-
quently, field verification represents the final stage of sediment 
characterization and provides essential feedback for improving fu-
ture nourishment projects. Several monitoring studies have shown 
that nourished beaches tend to evolve towards site-specific equi-
librium conditions, progressively reducing the initial differences 
between native and borrow sediments [1-2]. These observations 
reinforce the importance of selecting compatible borrow sediments 
while also highlighting the need to verify the long-term evolution of 
the placed material.

Monitoring Sediment Evolution

Traditional post-nourishment monitoring has largely focused 
on shoreline position, beach profiles and volumetric changes be-
cause these parameters provide direct indicators of nourishment 
performance. Although these surveys remain essential, sediment 
characterization offers complementary information that helps ex-
plain why morphological changes occur. Monitoring programmes 
carried out after nourishment have demonstrated that grain-size 
distributions frequently evolve during the months and years fol-
lowing construction. Fine fractions may be preferentially transport-
ed offshore or alongshore, while repeated wave action promotes 
progressive mixing between borrow and native sediments. Con-

sequently, sedimentological monitoring provides valuable insight 
into the physical processes controlling nourishment adjustment.

Several complementary field studies have also shown that sed-
iment evolution should be interpreted together with morpholog-
ical response. Monitoring of turbidity during dredging and nour-
ishment operations [33], post-nourishment changes in sediment 
porosity [34], optimization of beach-profile spacing for coastal 
monitoring [35] and recent analyses of shoreline evolution under 
climate-change scenarios [36] illustrate how sediment character-
istics, beach morphology and monitoring methodologies progres-
sively converge towards a more comprehensive understanding of 
nourishment performance.

Sediment evolution should also be interpreted together with 
morphological adjustment. Previous studies on equilibrium beach 
profiles demonstrated that profile geometry and sediment charac-
teristics evolve simultaneously under wave forcing, reinforcing the 
need to analyse both processes jointly during nourishment moni-
toring [37]. Recent studies by Santos-Vendoiro et al. [14] confirmed 
that monitoring the temporal evolution of sediment characteris-
tics constitutes an effective means of evaluating the long-term be-
haviour of nourished beaches and validating compatibility assess-
ments performed during project design.

New Monitoring Technologies

Technological advances achieved during the last decade have 
substantially improved the efficiency and accuracy of beach mon-
itoring. Among them, unmanned aerial vehicles (UAVs) combined 
with Structure-from-Motion (SfM) photogrammetry have become 
one of the most promising tools for rapid coastal surveying. Unlike 
conventional topographic surveys, UAV-based techniques provide 
high-resolution digital elevation models with excellent spatial cov-
erage while significantly reducing fieldwork time and operational 
costs [38,39]. These methodologies are particularly useful for mon-
itoring nourishment evolution because they allow repeated surveys 
to be performed at relatively short time intervals.

Recent advances in coastal monitoring are not limited to UAV-
based photogrammetry. Satellite remote sensing, terrestrial laser 
scanning, video monitoring and radar techniques increasingly com-
plement traditional topographic surveys, allowing coastal evolu-
tion to be assessed over a wide range of temporal and spatial scales 
[40-42]. In parallel, recent applications developed by our research 
group have extended these methodologies to the monitoring of 
coastal defence structures and critical coastal infrastructure, illus-
trating the growing integration between geomatic techniques and 
coastal engineering practice (43; 44).

Methodological developments by Contreras-de-Villar et al. [45, 
46] demonstrated that RPAS-based surveys can achieve centimet-
ric accuracy under suitable acquisition conditions, making them 
appropriate for monitoring beach morphology and volumetric 
evolution after nourishment. Although these techniques do not di-
rectly replace sediment sampling, they provide complementary in-
formation that improves interpretation of sediment redistribution 
and beach adjustment. The growing availability of global shoreline 

ahttp://dx.doi.org/10.33552/CTCSE.2026.12.000789
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datasets also offers new opportunities to place local nourishment 
projects within a broader spatial context, facilitating comparisons 
among sites and improving the interpretation of long-term coastal 
evolution [47].

Long-term experience in positioning and monitoring offshore 
anti-trawling reefs has also demonstrated the importance of ac-
curate field surveying and repeated inspections for evaluating 
the performance of marine engineering works under operational 
conditions [48]. Although developed for a different application, 
these methodologies share common quality-control principles 
with beach nourishment monitoring. The integration of sediment 
characterization with high-resolution topographic monitoring 
represents an important step towards more comprehensive qual-
ity-control programmes capable of evaluating both sediment prop-
erties and morphological response.

Towards an Integrated Quality-Control Framework

The methodological developments reviewed throughout this 
paper demonstrate that sediment characterization should no lon-
ger be regarded as a sequence of independent laboratory and field 
procedures. Instead, it should be considered an integrated quali-
ty-control framework extending throughout the entire life cycle of a 
beach nourishment project. Representative sampling ensures that 
laboratory analyses describe the material actually dredged from 
the borrow area. Standardized laboratory procedures improve the 
reliability and reproducibility of grain-size parameters. Distribu-
tion-based compatibility assessment transforms those parameters 
into engineering decisions regarding sediment suitability and re-
quired nourishment volumes. Finally, post-construction monitor-
ing verifies whether those decisions successfully predicted the field 
behaviour of the nourished beach.

Viewed collectively, these methodological advances reveal a 
progressive transition from isolated analytical procedures towards 
an integrated engineering methodology in which each stage con-
tributes to reducing uncertainty and improving decision-making. 

Future developments will probably focus on greater automation 
of sediment characterization through image analysis, artificial 
intelligence and digital laboratory techniques. At the same time, 
closer integration between sedimentological information, topo-
graphic monitoring and numerical modelling is expected to further 
strengthen the scientific basis of beach nourishment design. Future 
nourishment projects are also expected to incorporate increasing-
ly adaptive design concepts, combining sediment characterization 
with nature-based solutions and large-scale sediment management 
strategies such as the Sand Engine [49].

The next logical challenge is therefore not the development of 
entirely new compatibility concepts, but the standardization and 
integration of existing methodologies into routine engineering 
practice. Achieving this objective would facilitate comparisons 
among projects, improve reproducibility between laboratories 
and ultimately contribute to more reliable and cost-effective beach 
nourishment programmes worldwide. The integration of sediment 
characterization with complementary engineering information 
is also becoming increasingly important. Long-term experience 
gained from beach maintenance programmes [50], the interaction 
between coastal structures and sandy seabeds [38,51,52], environ-
mental monitoring associated with nourishment works [53, 54] 
and recent applications of coastal engineering to shoreline resil-
ience and infrastructure management [55] collectively illustrate 
how sediment characterization has evolved from an isolated labo-
ratory task into an essential component of integrated coastal engi-
neering practice.

Table 1 summarizes the principal methodological develop-
ments reviewed in this paper, highlighting the engineering prob-
lems addressed, the proposed solutions and their practical impli-
cations for beach nourishment projects. Together, these advances 
illustrate the progressive evolution of sediment characterization 
from isolated analytical procedures towards an integrated quali-
ty-control methodology.

Table 1: Timeline of the main methodological developments reviewed in this paper, showing the engineering challenges addressed, the correspond-

ing methodological advances, the key references and their contribution to engineering practice.

Year Engineering challenge Methodological devel-
opment Key reference Engineering contribution

Pre-2018
Sediment compatibility 

mainly evaluated using D50 
and sorting parameters

Classical compatibility 
methods Dean (1974); James (1975)

Established the basis of modern beach 
nourishment design, although heterogeneous 

sediments remained difficult to evaluate.

2018 Compatibility based on lim-
ited statistical descriptors

Stability Index (SI) using 
complete grain-size 

distributions
Pranzini et al. (2018)

Introduced a probabilistic approach capable 
of evaluating sediment stability using the 

complete grain-size distribution.

2019
Hopper sediment assumed 
to be homogeneous during 

dredging

Representative core 
sampling inside trailing 

suction hopper dredgers
Poullet et al. (2019a)

Demonstrated vertical grain-size variability 
within hopper dredgers and improved sam-

pling representativeness during construction.

2019
Manual sieving widely 

used without experimental 
validation

Comparison between 
manual and mechanical 

sieving
Poullet et al. (2019b)

Quantified systematic differences between 
both procedures and highlighted the need for 

standardized laboratory protocols.

2021
Influence of sieve diameter 
on grain-size analysis large-

ly unknown

Evaluation of different 
sieve diameters Lopez-García et al. (2021)

Demonstrated that laboratory equipment may 
influence grain-size parameters and recom-
mended harmonized analytical procedures.

ahttp://dx.doi.org/10.33552/CTCSE.2026.12.000789
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2021
Sediment compatibility gen-
erally evaluated only before 

nourishment

Monitoring of post-nour-
ishment sediment 

evolution
Santos-Vendoiro et al. (2021)

Confirmed that temporal sediment evolution 
provides valuable feedback for validating 

compatibility assessment.

2021–
2023

Conventional beach surveys 
were labour-intensive and 

time-consuming

UAV/RPAS-SfM monitor-
ing methodologies

Contreras-de-Villar et al. 
(2021, 2023)

Enabled rapid, centimetric and high-resolu-
tion monitoring of beach morphology after 

nourishment.

2024 Conventional oven drying 
delayed laboratory analysis

Microwave drying meth-
odology Lopez-Garcia et al. (2024)

Reduced sample preparation from hours to 
minutes while maintaining analytical reliabili-

ty for engineering applications.

2026
Classical overfill estimation 
relied mainly on represen-

tative statistical parameters

Distribution-based over-
fill ratio

Contreras-de-Villar et al. 
(2026)

Improved estimation of required nourishment 
volumes by directly comparing complete grain-

size distributions.

Conclusions

Sediment characterization has traditionally been regarded as 
a routine preliminary stage of beach nourishment design. How-
ever, the methodological developments reviewed in this paper 
demonstrate that it should instead be considered a continuous 
quality-control process extending from borrow-area investigation 
to post-construction verification. The reliability of engineering 
decisions concerning borrow sediment selection, compatibility as-
sessment and nourishment performance depends directly on the 
quality of the sedimentological information available throughout 
the project.

During the last decade, significant progress has been achieved 
through a sequence of complementary methodological develop-
ments addressing different stages of sediment characterization. 
Representative sampling procedures have improved the reliabil-
ity of field data obtained from borrow areas and trailing suction 
hopper dredgers. Standardization of laboratory methodologies has 
demonstrated that analytical procedures, including sieving tech-
nique, sieve dimensions and sample preparation, may significant-
ly influence grain-size parameters used for engineering design. At 
the same time, new compatibility approaches based on complete 
grain-size distributions have extended traditional methods beyond 
the limitations associated with isolated statistical descriptors such 
as D50.

These advances do not replace the engineering principles that 
have successfully guided beach nourishment practice for decades. 
Instead, they strengthen those principles by providing more rep-
resentative sediment data, more reliable analytical procedures 
and more robust compatibility assessment methodologies. Conse-
quently, improvements achieved during recent years have resulted 
not from increasing methodological complexity, but from progres-
sively reducing avoidable sources of uncertainty throughout the 
sediment characterization process.

From a practical perspective, several recommendations emerge 
from the studies reviewed in this paper. Representative sampling 
should receive the same level of attention as laboratory analysis. An-
alytical procedures should be standardized and fully documented 
whenever grain-size parameters are compared among laboratories 
or monitoring campaigns. Compatibility assessment should exploit 
the complete grain-size distribution whenever possible, particular-

ly for heterogeneous borrow sediments. Finally, post-nourishment 
monitoring should be considered an essential component of sedi-
ment characterization because it provides the feedback required to 
validate engineering predictions and improve future projects.

Likewise, predicting the morphological response of nourished 
beaches under energetic wave conditions remains one of the prin-
cipal challenges of coastal engineering. Experimental studies on 
beach scarping have shown that beach behaviour depends on the 
interaction between sediment characteristics and hydrodynamic 
forcing [56], further emphasizing the importance of reliable sedi-
ment characterization during project design.

Collectively, the methodological developments discussed here 
define an integrated framework for sediment characterization in 
beach nourishment projects. Rather than representing isolated 
technical improvements, they form successive stages of a coherent 
quality-control methodology linking representative sampling, lab-
oratory analysis, compatibility assessment and field verification. 
Their progressive implementation has contributed to more reliable 
engineering decisions while providing practical solutions that can 
be readily incorporated into routine beach nourishment practice. 
Future research should focus on the international standardiza-
tion of sediment characterization protocols, broader validation of 
distribution-based compatibility methods under different coastal 
settings and closer integration between sedimentological analyses, 
high-resolution monitoring techniques and numerical modelling. 
Such developments will further strengthen the scientific basis of 
beach nourishment design while supporting more efficient, trans-
parent and cost-effective coastal management.
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