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1. Introduction 
 

In 2015, a group of scientists from TU Delft decided to fund the academic platform MUDNET in order 

to centralize the multidisciplinary knowledge around fine-grained (clayey-silty) sediments (mud). The 

aims of MUDNET are: 

 

o to promote interaction between different scientific disciplines in order to develop the 

understanding of complex mud-related systems, from suspended sediment in water to soil 

o to facilitate exchange of knowledge between science and applications and offer a platform 

where the research findings are centralized 

o to provide new solutions to stakeholders for optimizing sediment management as well as 

developing new port and waterways maintenance strategies 

 

The MUDNET team works on different research topics, spanning from theoretical to applied science, 

from microscale to macroscale, from laboratory experiments to in-situ monitoring. 

 

 
 

Helping the world to make use of mud in a safe and predictive way 

 

We work in close collaboration with industrial partners on sediment and mud related issues, to 

improve sediment managements in ports and waterways, and provide healthy ecosystems in clay-

dominated environments. Our partners and ourselves aim at changing the view of mud from waste to 

resource. To this end, it is important to develop predictive models and protocols, based on in-situ 

monitoring and complementary lab analysis. We have hence initiated several lines of research in view 

of practical applications to get a proper understanding of the complex processes playing a key role in 

the changes in mud over space and time.  

End users hereby provide valuable input, as they share with us their knowledge of the field and 

facilitate in situ monitoring. 

 

Exchanging and making knowledge available 

 

In our work, we make use of a large range of techniques and expertise and we value sharing our results 

with the scientific community and all stakeholders through publications (peer-reviewed articles, 
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abstracts, books), conferences, workshops and seminars. In particular, we value the regular meetings 

with our industrial partners, who are as keen as we are to see our newly developed knowledge be put 

in practise. More about the academic platform MUDNET can be found on the website 

https://www.tudelft.nl/mudnet.   

 

1.1. The MUDNET foundation 
 

In October 2020, the MUDNET foundation was created. The aims of the foundation are to: 

ω Provide an academic exchange platform for fine-grained sediment expertise, regarding 

processes, behaviour and management consequences 

ω Promote interdisciplinary and multi-methodological 

collaborative research on fine-grained sediments: unite 

experimentalists and modellers in the fields of geosciences, 

physics, chemistry and biology  

ω Share findings between science, private and public 

stakeholders such as port operators, dredgers, authorities 

ω Facilitate contacts between industry and academia 

Identify research gaps and needs 

ω Promote and facilitate education 

 
From left: Julia Gebert, Deyan Draganov, Claire Chassagne, Alex Kirichek , October 2020 (creation of the MUDNET foundation) ς Photo: Alex 

Kirichek 

 
 

1.2. The MUDNET topics in a nutshell 
 

The main themes of research under investigation in the frame of MUDNET are given in the figure 

below. All these themes have of course a certain degree of overlap. For example, the interfacial 

properties of mud (ELECTROMUD) will help to determine the flocculation ability of a mud suspension 

(FLOCMUD). The rheological properties fluid mud (RHEOMUD) can be studied in relation with the mud 

composition (BIOMUD). This interdisciplinary enables to get a better understanding of the causal 

relationships between changes in environment and mud behaviour. 

 

https://www.tudelft.nl/mudnet
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2. Staff and students at MUDNET 
 
The MUDNET projects are led by 6 staff members of the TU Delft, working in 4 different sections, within 

the Faculty of Civil Engineering and Geosciences and the Faculty of Mechanical, Maritime and Materials 

Engineering. The a¦5b9¢ ǘŜŀƳ ŦǳǊǘƘŜǊƳƻǊŜ ƛƴŎƭǳŘŜǎ tƘ5 ǎǘǳŘŜƴǘǎ ŀƴŘ ǇƻǎǘŘƻŎǎΣ ŀƭƻƴƎ ǿƛǘƘ a{ŎΩǎ 

ŀƴŘ .{ŎΩǎΣ ǎǳǇŜǊǾƛǎŜŘ ōȅ ƻƴŜ ƻǊ ƳƻǊŜ ƳŜƳōŜǊǎ ƻŦ ǘƘŜ a¦5b9¢ ǎǘŀŦŦΦ 

 

 
  

 

Overview of PhD, MSc and BSc students and their research topics within MUDNET (completed theses 

can be downloaded from the repository of TU Delft, https://www.tudelft.nl/en/library ) 

 

 Name Title thesis MUDNET supervisor 

FLOCMUD 

PhD Maria Ibanez Flocculation and consolidation of 

cohesive sediments under the influence 

of coagulant and flocculant 

Claire Chassagne 

PhD Zeinab Safar Flocs and fluff in the Rhine-ROFI Claire Chassagne 

PhD Zhirui Deng Algae-induced flocculation in the 

Yangtse estuary 

Claire Chassagne 

PhD Waqas Ali Flocculation in dredging plumes with 

application to deep-sea mining 

Claire Chassagne 

Alex Kirichek 

PDEng Gosia Wyszynska Design for a bioremediation method for 

oil-sand tailings 

Claire Chassagne 

Alex Kirichek 

Postdoc Ryan McIver Design of a FLOC CAMera (FLOCCAM) to 

study the settling velocity of flocs 

Claire Chassagne 

Rudy Helmons 

Postdoc Caroline Grilo Role of charge reversal of iron ore 

tailing sludge on the flocculation 

tendency of sediment 

Claire Chassagne 

MSc Dolf Enthoven Flocculation in lock-exchange 

experiments 

Claire Chassagne 

Rudy Helmons 

MSc Ziyan Zhang Flocculation in drift-flux modelling Rudy Helmons 

Geert Keetels 

https://www.tudelft.nl/en/library


7 
 

RHEOMUD 

PhD Ahmad Shakeel Rheological properties of mud in the 

port of Hamburg 

Claire Chassagne 

Alex Kirichek 

MSc Jan-Willem de Klerk Effect of organic matter degradation on 

the rheological behaviour of mud 

Claire Chassagne 

Julia Gebert 

BIOMUD 

PhD Florian Zander Aerobic and anaerobic degradation of 

organic matter in mud 

Julia Gebert 

MSc Xin Li Investigation of Gas Generation 

by Riverine Sediments: 

Production Dynamics and Effects 

of Sediment Properties 

Julia Gebert 

Claire Chassagne 

BSc Lodewijk Pleij Effect of movement on the 

settlement of fluid mud 

Julia Gebert 

Claire Chassagne 

BSc Paul Pana Climate impact of sediment 

management 

Julia Gebert 

Claire Chassagne 

BSc Matthijs Boelger Climate impact of sediment 

management options in Port of 

Hamburg 

Julia Gebert 

BSc Lauran de Jong Time Series Analysis of Organic Matter 

Degradation in Riverine Sediments from 

the Port of Hamburg, Germany 

Julia Gebert 

Claire Chassagne 

BSc Adam Lisowski Quantification of organic matter pools 

in river sediments 

Julia Gebert 

BSc Daniel Ernste From sediment to soil: 

Physical, chemical and biological 

ripening processes 

Julia Gebert 

Claire Chassagne 

BSc Lucia Alconchel Effect of redox conditions of 

sediment organic matter 

degradation in time and 

space 

Julia Gebert 

Claire Chassagne 

µBIOMUD 

Postdoc Zeinab Safar Microbiological analysis of fluid mud 

from the Port of Emden 

Alex Kirichek 

Julia Gebert 

Claire Chassagne 

SONIMUD 

iPhD Menno Buisman Fiber-optics to assess the composition of 

sediment layers 

Claire Chassagne 

Alex Kirichek 

Deyan Draganov 

Postdoc Xu Ma Characterization of sediment layers 

using acoustic methods 

Alex Kirichek  

Deyan Draganov 

MSc  George Woofenden Using reflected seismic waves to 

estimate rheological properties of the 

fluid-mud layer for port applications 

Alex Kirichek  

Deyan Draganov 

MSc  Menno Buisman Seismic analysis of fluid mud  Alex Kirichek  

Deyan Draganov 

Claire Chassagne 
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MSc  Diego Denzler Monitoring fluid-mud layers at ports 
and waterways: ultrasonic measure-
ments for shear parameters using Fiber 
Optics 

Deyan Draganov 

Alex Kirichek  

 

NAUTIMUD 

PhD Stefano Lovato Sailing through fluid mud Geert Keetels 

MSc  Pavan Goda Experimental research on sailing 

through the fluid mud 

 

Geert Keetels 

Alex Kirichek  

MSc Karin Leijs CFD simulations of the flow around a 

cargo ship in shallow water navigation 

with muddy seabed 

Geert Keetels 

4DMUD 

PhD Mohamed Elerian Near-field conditions of a sediment 

plume discharged from a deep sea 

mining vehicle 

Rudy Helmons 

MSc Yannick Wijmans Near-field low concentration sediment 

discharge experiments 

Rudy Helmons 

MSc  Daan Deckers Suspended sediment behaviour of a 

reallocation pilot study, using model 

hindcasts and measurements  

Alex Kirichek  

Claire Chassagne 

 

MSc  Marlein Geraeds The hydrodynamics of an 

 eco-innovative sediment reuse project 

in the Rotterdam Waterway  

Alex Kirichek  

Claire Chassagne 

 

MSc Auke Tempel Sediment traps for reducing 

maintenance dredging costs in the Port 

of Rotterdam  

Alex Kirichek  

Claire Chassagne 

 

MSc Sjoerd de Groot  Suspended Sediment Modelling in the 

Port of Rotterdam 

Alex Kirichek  

Claire Chassagne 

MSc Sebastiaan Ma Laboratory study on the efficiency of 

water injection dredging on mud from 

the Port of Rotterdam 

Alex Kirichek  

 

  

https://repository.tudelft.nl/islandora/search/author%3A%22de%20Groot%2C%20Sjoerd%22?collection=education
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3. Brief description of MUDNET projects 

3.1. Rheology of mud 

 
Mud, a cohesive material, consists of water, clay 

minerals, sand, silt and small quantities of organic 

matter (i.e., biopolymers). Amongst the different mud 

layers formed by human or natural activities, the fluid 

mud layer found on top of all the others is quite 

important from navigational point of view in ports and 

waterways. An innovative way to define navigable 

fluid mud layers is to make use of their rheological 

properties, in particular their yield stress. In order to 

help the development of in situ measurement 

techniques, it is essential that the key rheological 

parameters are estimated beforehand.  

 
The following research questions are addressed in the PhD work of A. Shakeel: 
 

¶ Which rheometer geometry and rheological protocol are more suitable for the mud samples 
[1]? 

¶ Is there only one yield point? If not, which yield stress is important for defining nautical bottom 
[1]? 

¶ How is yield stress dependent on depths and locations in the harbor [2]? 

¶ Is the density or volume fraction of solids enough to predict/link the rheology of the natural 
sediments? 

¶ How much different are the rheological properties of naturally collected mud layers and 
artificially made layers by diluting a consolidated mud sample? 

¶ What is the extent and rate of structural recovery in mud after pre-shearing as a function of 
several parameters including TOC, density, pre-shear rate, etc. [3]? 

¶ How we can model the two-step yielding behavior of mud to get the desired rheological 
parameters? 

¶ How we can mimic the rheological properties of natural mud by using pure clay and 
biopolymers? 

 
 [1] Shakeel, A., Kirichek, A., & Chassagne, C. (2020). Yield stress measurements of mud sediments using different rheological      

methods and geometries: An evidence of two-step yielding. Marine Geology, 427, 106247. 

 

[2] Shakeel, A., Kirichek, A., & Chassagne, C. (2020). Rheological analysis of mud from Port of Hamburg, Germany. Journal of 

Soils and Sediments, 20, 2553ς2562. 

 

[3] Shakeel, A., Kirichek, A., & Chassagne, C. (2020). Effect of pre-shearing on the steady and dynamic rheological properties 

of mud sediments. Marine and Petroleum Geology, 116, 104338. 

 

 

                                     

A monitoring campaign in the harbour of Hamburg: 

collecting samples of which the rheological 

properties were analysed in the laboratory 
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3.2. Turnover of sediment organic matter 
 

The biological decay of sediment organic matter under reducing conditions leads to the formation of 

methane, carbon dioxide and others gases, mostly released as bubbles into the sediment, the water 

column and eventually the atmosphere. Magnitude and rate of gas generation are a function of the 

content and the degradability of sediment organic matter and are therefore subject to spatial and 

temporal variation on different 

scales. Depending on the source 

type, chemical composition and 

degradability of sediment organic 

matter as well as composition 

and activity of the responsible 

microbial community will vary. 

 

 

 

Gas generation causes a series of potential problems: 

Sonic depth finding can be obstructed through reflection of sonic waves by 

gas bubbles in the sediment. Gas generation delays consolidation of 

sediment-to-be-dredged or of subaquatic base fills made from sediments. 

On the other hand, the degradation of organic matter also causes 

undesired subsidence in constructions made from sediments. Gas 

generation reduces sediment density, viscosity and shear strength and 

thereby enhances the susceptibility of subaquatic embankments and 

constructions towards erosion. Under the influence of gas generation, the sediment rheological 

parameters change, impacting the navigable depth. Methane as a potent greenhouse gas affects the 

carbon footprint of sediment management options.  

 

In detail, the research objectives of BIOMUD are:  

¶ Analysis of sediment organic matter properties and identification of those relevant for degradability  

¶ Quantification of the degradable organic matter pool  

¶ Quantification of gas generation potential and emission  

¶ Analysis of composition and abundance of the relevant microbial communities  

¶ Assessment of the role of gas generation for sediment rheological properties  

¶ Development and validation of a sediment gas generation model.  
 

The benefits for stakeholders from BIOMUD research include the improved assessment of the 

environmental impact of dredging and relocation with respect to carbon cycling and carbon 

footprinting, an improved knowledge base to enhance beneficial use of sediments as construction 

material in embankments or area profiling, both subaquatic and on land , enhanced planning reliability 

for operators of dredged material landfills with respect to gas treatment and landfill subsidence and 

the improved assessment of the necessity of safety measures on all sites handling gas-generating 

sediment.  
 

[1] Gebert, J., Knoblauch, C., Gröngröft, A. (2019): Gas production from dredged sediment. Waste Management 85, 82-89. 
 

[2] Zander, F., Heimovaara, T., Gebert, J. (2020): Spatial variability of organic matter degradability in tidal Elbe sediments. 

Journal of Soils and Sediments. DOI: https://doi.org/10.1007/s11368-020-02569-4 

 

Formation of gas induced cavities in sediment over time in the lab 

Gas induced cavities in  

freshly sampled mud 

sediment 

https://doi.org/10.1007/s11368-020-02569-4
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3.3. Composition and activity of the mud microbial community 
 

Microorganisms such as bacteria, archaea and algae facilitate cycling of carbon and other elements in 

sediments. By primary production, algae add easily degradable organic matter to the sediment-aquatic 

system. By breaking down organic matter, be it under aerobic or anaerobic conditions, microorganisms 

can inhibit or destroy organic 

bonds between mineral 

sediment particles and therefore 

prevent formation of larger 

agglomerates, which reduces 

settlement of suspended 

particles and yield points of 

already settled sediments. Some 

microorganisms form 

extrapolymeric substances (EPS), 

consisting of exopolysaccharides, 

proteins, lipids and nucleic acids, which are essential to biofilm formation and due to their low density 

can promote that fine grained particles remain in suspension. These few examples highlight just some 

processes governed by microorganisms in the 

sediment-aquatic environment, such as carbon 

release into the atmosphere, but also indicate the 

relevance of their activity for sediment properties 

and therefore sediment management.  

 

µBIOMUD investigates spatial and temporal patterns 

of the composition and activity of the sediment 

microbial community and their response to changing 

environmental conditions. These analyses are 

carried out in close cooperation with Prof. Dr. 

Mirjam Perner (GEOMAR, Kiel, Germany), Dr. Ines 

Kohn (University of Hamburg, Germany) and Dr. 

Fiorenza Deon (U Twente and TU Delft, The 

Netherlands). 

 

 

 

 
[1] Zander, F., Heimovaara, T., Gebert, J. (2020): Spatial variability of organic matter degradability in tidal Elbe sediments. 

Journal of Soils and Sediments. DOI: https://doi.org/10.1007/s11368-020-02569-4 

 

[2] Gebert, J., Perner, M. (2015): Differentiation of microbial community composition in soil by preferential gas flow. European 

Journal of Soil Biology 69, 8-16. 

 
 

 

 

Diversity of Archaea in sediments from the Port of Hamburg 

Diatoms in sediments from the  

Port of Hamburg 

https://doi.org/10.1007/s11368-020-02569-4
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3.4. Flocculation of mud in coastal and marine systems 
 

 
 

Flocculation is defined traditionally as the process of aggregation and break-up of a collection of 

particles. ThŜ ǇŀǊǘƛŎƭŜǎ ŎŀƭƭŜŘ άŦƭƻŎǎέ Ŏƻƴǎƛǎǘ ƻŦ ŀƎƎǊŜƎŀǘŜǎ ƻŦ ƳƛƴŜǊŀƭ Ŏƭŀȅ ǇŀǊǘƛŎƭŜǎ ŀƴŘ ƻǊƎŀƴƛŎ ƳŀǘǘŜǊ 

principally in the case of flocs found in coastal regions and marine environment. The size of flocs is 

changing in response to changes in environmental conditions (hydrodynamics, water chemistry, 

availability of flocculating agents such as exopolymers produced by microorganisms) [1,2]. We found 

that due to the presence of organic matter, flocs become elastic and seldom break. On the other hand, 

due to shear, flocs coil and become denser (their volume is reduced while their mass is conserved).  

 

The following research questions are addressed in the PhD works of M. Ibanez, Z. Deng, Z. Safar and 

W. Ali: 

 

¶ What is the role of organic matter (and in particular algae) in the transport of sediment in 

coastal areas? 

¶ Iƻǿ Ŏŀƴ ŦƭƻŎǎΩ ǇǊƻǇŜǊǘƛŜǎ όǎŜǘǘƭƛƴƎ ǾŜƭƻŎƛǘȅ ŀƴŘ ǎŜŘƛƳŜƴǘ ŎƻƴǘŜƴǘύ ōŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ƛƴ-situ? 

¶ What is the role of flocculation in dredging plumes dispersion? 

¶ How can flocculation be implemented in large-scale sediment transport models? 

¶ How can the model be properly parametrized and calibrated? 

 

Adapted Population Balance Equations (PBE) are often used to model in-situ flocculation.  We chose a 

novel approach based on the use of an adapted logistic growth model. This model has the advantage 

to be easy to implement in existing large-scale transport models (such as Delft-3D) and has a limited 

amount of input variables, all of which can easily be found from laboratory measurements. In contrast 

to most models, the particle classes we propose are not defined by particle size, but in terms of mineral 

sediment composition.  

The model is at present parametrized using laboratory experiments, following the protocol that we 

recently developed.  

 

 
[1] Chassagne, C., & Safar, Z. (2020). Modelling flocculation: Towards an integration in large-scale sediment transport models. 

Marine Geology, 106361. 

 

[2] Deng, Z., He, Q., Safar, Z., & Chassagne, C. (2019). The role of algae in fine sediment flocculation: In-situ and laboratory 

measurements. Marine Geology, 413, 71-84. 
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3.5. Settling and consolidation of soft slurries 

 

 
 
The topic of dewatering and consolidation of soft slurries has regained interest over the past years as 
natural slurries (such as dredged material from silted channels) are thought to be economically good 
alternatives to the use of sand for building or filling materials. Large-scale projects have been initiated 
in the Netherlands (Marker Wadden, Kleirijperij) to study the feasability of large-scale dewatering and 
strenghening of soft slurries.  
 
 
 Modelling settling and consolidation can be done using advection-diffusion equations, as the one 

given above.  
 
Recently [1], we have proposed a modelling 
protocol to assess the parameters required  
to predict the consolidation behaviour of 
soft slurries over time. We showed that with 
three parameters, found by fitting the 
settling height as function of time for a 
slurry of a given volume fraction (density), 
it was possible to  predict the settling 
behaviour of slurries of same composition 
but different volume fractions. 

 
 

Currently, we work at improving the model, so as to include flocculation and ripening processes.  
 

 

 

 

 

 
[1] Chassagne, C. Understanding the natural consolidation of slurries using colloid science. In Proceedings of the European 
Conference on Soil Mechanics and Geotechnical Engineering, Reykjavik, Iceland, 1ς6 September 2019. 

 
 

  














































































