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1. Introduction  
Deltas have always held a great attraction for man, because of the fertile soil, an abundance 
of fresh water and the possibilities they present for trade and transport, locally and far away. . 
More than half the world’s population live in low-lying areas near the coast, and almost 80% 
of the major conurbations are located in deltaic areas. We define ‘deltaic’ in this context 
loosely as low-lying areas, where the (shallow) subsoil mainly consists of sand, clay and peat, 
and including the near shore sea. Life in a deltaic area calls for extra attention to safety 
against flooding. Due to the concentration of population consideration must also be given to 
the quality of the living environment. In The Netherlands, as well as elsewhere in the world, 
there is an urgent need to continue living and working in densely-populated deltaic areas in 
the future, with at least the same quality of living as now.  
 
As a matter of fact everything that we do –living, work, commuting, travelling, constructing, 
building, manufacturing, leisure – takes place on the subsoil. Consequently many of our 
current social problems are connected to the field of geo-engineering (mobility, safety against 
flooding, lack of space), and it is clear that innovations in this field have considerable social 
value. It is therefore vital in the long term, and of considerable social importance in the short 
and medium term, that our knowledge of geo-engineering continues to develop at a sufficient 
level.  
 
The field of geo-engineering is not yet a century old. Although much has been achieved in this 
relatively short period, the uncertainties involved in this extremely practice-based subject are 
still great, partly because of the unusual foundation (‘soft soil’). These uncertainties are 
covered in practice by high safety factors and therefore represent an important cost 
component in the realisation of construction projects. 
 
Despite using high safety factors, failure costs in the construction sector are high: these are 
often related to uncertainties associated with the subsoil. The challenge is to communicate 
about uncertainty margins outside the geo-engineering field; to develop tools that will deal 
more effectively with these uncertainties; and to increase controllability by developing new 
materials that will improve soil properties and by other developments in the geo-engineering 
that reduce the uncertainty margins.  
 
The Dutch government has defined in 2006 a number of societal problem fields in order to 
generate an R&D-agenda at national level. Three of these have a direct relation to the field of 
geo-engineering: Leven met water (Partnering with water), Leefomgeving (The environment) 
and Bouwen voor ruimte (Building for Space). More specifically the field of geo-engineering 
contributes to important social themes such as: 
 safety against flooding 
 spatial planning, coastal development and land reclamation 
 the environment, quality management of the (sub) soil 
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 urban development, above and below ground level 
 sustainable infrastructure and transport 
 reduction of failure costs in the construction sector. 

 
Deltares has chosen to organize its R&D program by the guidelines of the governmental 
themes. Because of the extent of the program the themes have been subdivided in so-called 
kerndomeinen (core domains). The relation between the projects of the knowledge centre 
geo-engineering and the core domains has been summarized in a table at the beginning of 
chapter 2. 
 
Focus 
 
The challenge for the coming decades is the creation and maintenance of a high-quality and 
cost-effective living environment in closely populated deltaic areas, both for ourselves and for 
our descendants, both for the Netherlands and abroad. To meet this challenge, knowledge 
related to construction in, on, and using soft soil is of major importance. Uncertainties about 
the structure of the subsoil (heterogeneity) and the behaviour of soft soil (in particular organic 
clay and peat) are the key factors here. And as a large fraction of the world’s population lives 
in deltaic areas, the position that the Netherlands take can be further strengthened in an 
international context.  
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2. Themes and subjects 
An overview of the research subjects of the knowledge center geo-engineering and its relation 
to the core-domains of Deltares has been given in the table below. 
 
Section Number and title Core domain  Governmental theme 
2.1.1 Geothermal Energy/ Seasonal 

storage 
Ondergrond, water 
en ruimte 

Leefomgeving 

2.1.2 Storage of greenhouse gas 
 

Ondergrond, water 
en ruimte 

Leefomgeving 

2.1.3 Transport processes in remediation 
of polluted soils 

Gezonde 
bodemsystemen en 
materialen 

Leefomgeving 

2.2.1 Control of underground processes Bouwen en slappe 
bodem 

Bouwen voor Ruimte 

2.2.2 Risk reduction for building pits Bouwen en slappe 
bodem 

Bouwen voor Ruimte 

2.2.3 Optimization design models pile 
foundatione 

Bouwen en slappe 
bodem 

Bouwen voor Ruimte 

2.2.4 Geomechanical behaviour of peat 
and organic clays 

Bouwen en slappe 
bodem; Veiligheid en 
inrichting 

Bouwen voor Ruimte; 
Leven met Water 

2.2.5 Engineering solutions infrastructure Bouwen en slappe 
bodem; Onderhouds-
arme infra;  
Gezonde bodemsys-
temen en materialen 

Bouwen voor Ruimte,  
 
 
Leefomgeving 

2.3.1 Dikes Veiligheid en 
inrichting 

Leven met Water 

2.3.2. Consequences climate change on 
coast and rivers 

Veiligheid en 
inrichting 

Leven met Water 

2.4.1 Data driven modeling Kennis als Vermogen  
2.4.2 Numerical Methods 

 
Kennis als Vermogen  

2.4.3 Effectively dealing with ground 
uncertainty 

Kennis als Vermogen  

    
 
Table. Overview of projects and relation to Deltares core domains 
 
 

2.1. The environment (Leefomgeving) 
The growing population and the ever increasing world-wide energy consumption put a 
steadily increasing stress on the sustainable use of soil and its resources. The most 
challenging problems of today concern the possible effect of greenhouse gases on global 
warming, safe drinking water, the uncontrollable costs emerging from polluted soil and air and 
accumulated waste. Even the most optimistic scenarios predict that in 2060 still 50% of our 
energy consumption will be based on fossil fuels, which implies that the sequestration of 
greenhouse gases will be an important activity for the next few decades. For the same reason 
there may be an increasing contribution of nuclear energy, so that nuclear waste disposal will 
also be high on the agenda. 
 
Current consensus on the long term risk of increased greenhouse gas emissions gives a new 
impetus to the development of techniques that can reduce the emissions in the short term. 
The main options that can be implemented in the short term are an expansion of seasonal 
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storage of hot and cold water, and the sequestration of greenhouse gases in geological 
formations. Also recovery of hot water from deep formations needs to be considered.   
 
In the past decades we have become aware that pollution should be prevented and legislation 
has been put in to place to ensure future soil protection and the remediation of historical soil 
pollution. In the recent past much effort has been put in developing techniques for using the 
natural soil properties to solve problems related to groundwater pollution using the so-called 
natural attenuation capacity of the subsurface. However, natural attenuation can only be 
successful if the source of the groundwater pollution is removed. Source zone remediation 
remains a challenge, primarily due to the fact that heterogeneity in the subsurface combined 
with the manner how pure-phase liquids travel through the subsurface make it very difficult to 
accurately determine the position of the soil pollution. Development of techniques for source-
zone characterization combined with techniques for source zone removal is still a very 
important field of research. 
We have also come to realize that solving groundwater pollution with natural attenuation and 
source zone remediation is can be a very long-term process. As a result soil remediation is 
becoming more and more a process of long term soil management. Accurate forecasting of 
future conditions and the uncertainty in these forecasts are becoming essential in long-term 
management of the use of the subsurface in a sustainable society. Such forecasting of the 
future conditions is an interdisciplinary effort with all fields of geotechnical engineering.   

2.1.1. Geothermal Energy/ Seasonal storage 
 
Geothermal heating traditionally uses natural supplies of hot water or steam if they exist near 
the earth’s surface, such as for instance in Iceland. In areas with a smaller geothermal 
gradient such as the Netherlands, deep geothermal energy is economically less attractive due 
to more expensive deep wells and heat losses in the wells.  
Nevertheless the subsoil can be used as a heat storage system in a concept of seasonal 
storage that uses the possibility to store heat in the subsurface (~75 meter). The seasonal 
storage is a system for heating in the winter or air conditioning in the summer. The system 
needs a heat pump (equivalent to a reversed refrigerator). The two additional components of 
the system are a subsurface piping system used for storage and a pump for circulation of 
water.  
 
For this topic we distinguish the following research topics 

 Optimization of the efficiency of the shallow geothermal system, e.g., using 
SmartSoils® to reduce heat losses from the tubings. 

 Assess the influence of the foot print of shallow heat-exchange systems on other 
local systems, especially with regards to the heat storage capacity of the subsoil  

 Assess risk factors associated with natural convection flows in contaminant 
transport or simultaneously implementation of geothermal systems and clean up of 
polluted soils. 

 Possible hindrance of fully implemented geothermal systems on future plans of 
underground construction 

 Deep Geothermal energy recovery; optimization and efficiency of system 
 Development of numerical models and methods for the thermal analysis of soil-

system interaction in closed shallow heat-exchange systems in order to optimize 
such systems.  

 - Extension of numerical models to open systems 
 

2.1.2. Storage of greenhouse gas 
 
Even the most optimistic scenarios predict that in 2060 still 50% of our energy consumption 
will be based on fossil fuels. The sequestration of CO2 in the subsoil is an important 
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measure to reduce the atmospheric concentration. Possibilities are to store in aquifers, 
depleted gas fields, oil reservoirs and coal layers.  
 
A joined program of the groups Geo-Environmental Engineering and Geophysics/ 
Petrophysics (TUD-CITG) addresses several aspects related to the greenhouse gas issue. 
Research subjects are  

 production of gas from coal layers by injection of CO2 
 replacing gas in gas reservoirs or oil in oil fields by CO2 
 recovery of hydrogen from coal by stimulating reactions with CaO 
 stripping hydrogen from CH4-hydrates and replacing them by CO2-hydrates. 

 
For the Research Center Geo-Engineering the following research topics are of interest 

 Assessing risks related to storage of greenhouse gases in aquifers 
 Storage of greenhouse gases in waste material to immobilize heavy metals.  

 

2.1.3. Transport processes in remediation of polluted soils 
 
Current remediation methods are too expensive and need to be improved. The research  
issues are: 
 
 Methods used for enhanced oil recovery (EOR) methods, such as “low temperature” 

steam/nitrogen/oil injection, polymer gel technology for containment (combined with 
(biologically) reactive barriers and foam can lead to remediation methods that are 
economically feasible. The project Foam remediation (Rossen/Barends/Bruining) 
has been accepted in Delft Earth.  

 Bio-remediation will gain importance, thanks to its low price and the developments 
in this field. One of the challenges is to prove biological activity, because the actual 
cleaning will be a long term process. A current project, sponsored by Shell, in 
collaboration with the section Environmental Biotechnology, on detection of 
biological activity in production wells, will be an excellent precursor for its 
realization. 

 Improved measurement techniques with which we can detect the progress of 
cleaning soils. There will be close collaboration with the Geophysics section with 
emphasis on the application of EM waves in the frequency range from a few Hz to 
several GHz. This topic has also spin offs to the oil-industry. Seismic methods are 
more suitable to follow the progress of CO2-sequestration. 

 Nuclear energy will be again on the agenda and thus that research related to 
nuclear waste disposal and heat sequestration will become a focal point of 
research.  

  

2.2 Building for space (Bouwen voor ruimte) 
 
Delft has a traditionally strong base in the understanding and description of soil processes 
and soil-construction interaction and, coupled with this, theoretical and numerical model 
development. This is also true for experimental research in the centrifuge. There is also a 
strong affiliation with practical problems involving pure geo-engineering, namely the design 
and evaluation of objects like tunnels, foundations, building pits, dikes, hydraulic structures 
and (rail) roads.  
 
Substantial knowledge has also been built up concerning the constitutive behaviour of clay 
and sand, particularly under (quasi) static loads. One development path in this context is the 
behaviour of unsaturated soil, and the behaviour of organic clay and peat.  
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Over the last decades, a back-log has built up in relation to experimental research on a 
laboratory scale. An effort to catch up is needed in order to make progress describing the 
behaviour of specific soft soil found in the west of The Netherlands, as described above. This 
also involves time-dependent behaviour such as creep, consolidation, relaxation, and ageing 
for both constant as well as changing loads, and (to a lesser extent) the collapse of soil 
caused by fissures and shearing. 
 
To substantially reduce the knowledge gaps and uncertainties that are currently still 
representative of the geo-engineering field, the research in the following area needed. 
 
2.2.1 Control of underground processes 
 
This subject is concerned with developing relevant knowledge in the field of underground 
construction. In the past, the focus has been on the design and construction of (large 
diameter) bored tunnels. Current focus is on the management of the construction of bored 
tunnels in urban areas in particular in view of the built environment. Important aspects in this 
regard are: 
 Monitoring of the built environment during driving and the back-analyses of the monitoring 

data with the driving parameters, like front-pressures, driving speed, tail void injection etc. 
 Design and execution of mitigating measures, like grouting and soil improvement. 

Important research topics are the understanding and modelling of the processes of 
fracture grouting and jet grouting in order to be able to control the parameters of the 
process and thus to control the interaction of tunneling with the environment.  

 Model development and validation concerns as well the mentioned grouting processes as 
at the long term the modelling of the whole tunnelling process: from the driving 
parameters to the behaviour of nearby building 

 
In the past bored tunnels always in pleistocene sand, so often rather deep. The future focus 
will shift to utilising the shallow subsoil in urban areas so that it becomes an integral part of 
urban development. Because of the soft soil and the high water groundwater level, 
considerable challenges are posed in a fragile, built-up environment. Areas of application 
include underground spaces, integrated pipeline tunnels, and underground transport systems. 
As well as the development of new controllable implementation techniques and soil 
improvement techniques, the development, application and interpretation of (non-destructive) 
inspection techniques is also important. Another important theme is safety and risk 
management during construction as well as utilization in relation to use of the subsoil, so 
including fires and explosions. 
Regarding micro-tunneling improved control of the behavior of microtunnel machines and 
the pipe string behind them in very soft soils (continuation of DC project) is required as well 
as the related research on this topic. 
Especially for shallow and fast tunneling a reliable and fast detection method for obstacles 
in the underground should be developed. Methods for faster tunneling can become very 
interesting to develop undersea production units for gas and oil production in for example 
the arctic areas. A first investigation on possible improved techniques has been carried out 
for the industry. Further and more fundamental studies should be defined and proposed. 
 
2.2.2 Risk reduction for building pits 
 
This discipline is concerned with developing relevant knowledge in the field of foundation 
engineering, mostly related to soil-construction-interaction problems. These problems 
frequently play an important role in construction in urban areas. Societal themes such as 
reducing failure costs and management of environmental influences are therefore important 
keywords. 
 
Failure costs in geotechnical works are in many cases related to the heterogeneity of the 
ground, the large uncertainties in the prediction models, the complex interaction with the 
environment and sometimes the poor quality of foundation construction work. One method to 
improve quality is the use of models that combine data from prediction models, expert 
opinions and experiences databases, the so-called data-driven models. In this field the 
Knowledge Centre cooperates with the section of applied mathematics of TUD in particular for 
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the application of Artificial Intelligence techniques, the section Construction management of 
UT and the foundation companies. Also research is ongoing into models suitable for the early 
design phase, using AI-techniques, in this case neural networks, to formulate design 
algorithms based on numerous complex FEM-calculations. 
Other possibilities to reduce risk and to decrease the impact and hindrance on the 
environment are 
- the composition of a toolbox with prediction models for building pits, varying from simple 
models up to the above mentioned data-driven models,  
- the improvement of monitoring techniques, process and technology and its implementation 
in the construction world. In this field the initiated co-operation with Cambridge University is 
promising,  
- regarding the interaction of construction works with surrounding buildings, the 
combination of different effects of the construction works and existing deformation has to 
be considered more fundamentally.  

- improvement of sustainable foundation techniques, leading to less hindrance, vibration, 
disturbance of urban live during underground construction works 
This all should lead to the building pit of the future, the one without noise, vibrations, 
hindrance, and damage. 
  
Research will focus particularly on risk management of deep excavation and the impact on 
the (build) environment. The work on the installation of piles and sheet piles will be continued, 
as well the installation process itself as the impact on the environment. An improved data-
driven model for impact of vibration is to be developed.  
 
Groundwater in urban areas and in rural areas needs attention. The impact of buildings pits 
might affect the groundwater table and shallow foundations. Also a possible impact of the 
climate change, the greater droughts that are foreseen might cause desiccation of 
compressible layers and therefore severe settlements of shallow foundations  
 
2.2.3 Optimization design models pile foundations 
 
Installation effects of pile driving have not always gained the attention they deserve. The 
research on this subject is, however, of paramount importance for foundation engineering with 
advanced models. The continuation and follow up of the ongoing research will focus the 
coming years on the dynamic aspects of this phenomenon. Further experimental research 
and the numerical implementation of these effects, including large strain and changes in soil 
properties are the topics to be covered. The following research subjects are foreseen: 
- Analysis of static pile installation effects in sandy soil by means of numerical methods (FEM, 
MPM). 
- Analysis of dynamic pile installation effects in sandy soil (grain crushing and friction fatigue) 
by means of numerical methods 
- Improvement of the embedded pile concept for driven piles 
- Translation of installation effects into a change of soil properties in numerical models 
- Validation of numerical models against experimental results 
 
The design of laterally loaded piles and its behaviour as affected by consolidation and creep 
for steady, cyclic and dynamic lateral loading and the work of the concerned CUR-committee 
should be continued. 
 
The interpretation of rapid (quasi-static) pile load tests is an international co-operation and the 
goal is to issue a draft for the Eurocode for the execution of rapid pile load tests and an 
international guideline for the interpretation of these kinds of tests. The research should focus 
in particular on load rate effects, excess pore pressure during rapid testing, and the validation 
of the recently developed models. The work on rapid pile testing will continue, especially in 
combination with open ended piles, which is still a challenging field in the off-shore. Testing in 
both the TU-Delft and the Deltares Geo-centrifuge is needed. 
 
In the present design rules no attention is paid to the effects of cyclic and alternating 
loading on piles, on the pile capacity and the stiffness. This is in particular of importance for 
piles loaded in tension. 
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2.2.4 Geomechanical behavior of peat and organic clays 
 
This discipline is concerned with developing the relevant basic knowledge required in the field 
of geo-engineering. Important themes for the future are the behaviour of soft soils and 
unsaturated soils.  
This concerns both the theoretical description as well as the development of numerical 
models, and the performance of experimental (laboratory and model) research. Interactive 
(numeric) models and practical data: inverse modelling and monitoring on the one hand, and 
heterogeneity and stochastics on the other. 
 
The research has the following three objectives: 
 the quantification of the thermo-hydro-geomechanical processes in peat dykes during 

successive periods of drought and precipitation 
 the quantification of the influence on the stability of peat dykes by both climatic conditions 

and human interference 
 to establish the effectiveness of possible improvement techniques of peat dykes.  

 
The research produces two kinds of results, namely: mathematical models for both the 
behaviour of saturated and unsaturated anisotropic peat as well as the geomechanical 
processes occurring in desiccating peat dykes, and numerical models with different levels of 
capability and complexity, by which the above-mentioned objectives can be achieved.  
 

 The first relatively simple Plaxis model simulates the most important aspects as loss of 
weight, shrinking, buoyancy, deformation, shearing failure, cracking and hydraulic fracture for 
increasing desiccation of peat dykes. The second, more complex Plaxis model simulates also 
the transient behaviour of peat dykes for transient climatic conditions with successive periods  
 
2.2.5 Engineering solutions infrastructure 
 
Interface constructions, between piled and non-piled infrastructure 
 
Interfaces in road and railway infrastructures are one of the main concerns of the 
infrastructure administrations, because of their high maintenance costs. However little 
research has been performed in this field. Basically, the problem of transitions is associated 
with the stiffness difference that occurs. The irregularities of track and road foundation 
stiffness will cause variations in the traffic and train sub grade interaction forces. These force 
variations imply degradation of tracks and pavement. As soon as the geometry starts to 
degrade, the variation of the interaction forces increase and this speeds up the deterioration 
process. The change in sub grade stiffness is mainly motivated by the relative settlement of 
the soil to the structure. This settlement has two parts, one mainly static caused by the 
permanent settlement of the soil (soil creep), and another one mainly dynamic caused by the 
deformation of the soil subjected to the traffic and train loads. So, the transition problem 
involves the long and the short term behavior of the soil, and his static and dynamic behavior. 
 
Geogrid mattress and other geotextile systems 
Geotextiles are more and more used nowadays in infrastructural construction. A good 
example is the Geogrid mattress option which has been chosen for the widening of the A2 
highway. Although this technique is not cheaper than others, it has been chosen because the 
the construction goes much faster and results therefore in lower traffic hinder and societal 
costs. There is however little experience with these type of soil-geotextile-concrete structures. 
Knowledge is limited and design tools and design codes are in many cases not appropriate. 
Therefore research is needed in order to facilitate the design of these new geotextile 
structures. 
 
Innovative materials (SmartSoils®) 
The concept ‘SmartSoils®’ will possibly bring a revolution in geo-engineering. From being 
only measurable, the soil can now be engineered by the use of bacteria. This implies a 
paradigm shift that stimulates one to consider and develop new solutions for geotechnical 
problems. The combination with other disciplines such as microbiology and process 
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technology is now also used for new solution options for geotechnical problems.  The 
development of biological sciences has a spin off to new methods for controlling the 
mechanical en geohydrological properties of soils. There are many applications. Two 
examples are reinforcing the soil (e.g. making sandstone from sand (Bio-grouting)), and 
decreasing the permeability of soil (e.g. stopping groundwater leakage or seepage (Bio-
sealing)).  
 
Biogrout concerns the bacterially mediated dissociation of urea into ammonia and 
carbon dioxide. By simultaneous injection of CaCl2, CaCO3 is formed that precipitates 
and leads to the required strengthening without influencing the permeability strongly. 
Similar schemes, involving other chemicals have also been proposed. This research is 
a spearhead of research at Deltares. A number of challenges remain; e.g., the 
application in 3-D may be difficult to the existence of thief zones, such that only the high 
permeability part of the soil is reinforced. Flow diversion techniques, borrowed from the 
oil-industry, such as foam injection or polymer gels, can improve the placement 
problem. Geophysical techniques to map the extent of the biogrouting/ biosealing process/ 
product, e.g. georadar, are promising, because biofilms alter the wettability of the soil 
 

2.3 Partnering with water (Leven met water) 
 
The protection against flooding from the sea or rivers is of constant importance in a deltaic 
region like the Netherlands. Phenomena like land subsidence, sea level rise and climate 
change show that an obvious “definite” safety is, and will become even more, beyond our 
reach. Furthermore the population increases as well as the number of houses and offices, 
concurrent with economic growth. Finally our demands on the quality of living are ever 
growing. Therefore “Adaptation to changing society and natural factors” has become a new 
theme, as well as “Living with uncertainties”. These themes lead to the development of new 
solutions like: 
 creating areas for “partnering with water”, 
 smart water defence systems, 
 innovative flood defence warning systems, 
 improved dike strength analysis methods, 
 long term development prediction tools for rivers, estuaries, Wadden sea and coasts. 

 
2.3.1 Dikes 
Peatdikes, consequences drought and peat oxidation  
This subject has already been addressed in section 2.2.4. 
 
Failing mechanisms of dikes (piping a.o.) 
The largest risk of the Netherlands is flooding. From experiences in the past we know that 
most floodings from the sea or rivers were not caused by simply overflowing of the dikes, but 
by geotechnical failing of the dikes. The different failing mechanisms deserve therefore more 
attention, especially the failing mechanism piping. From the VNK-study it has been concluded 
that piping is the largest risk of future dike failing in the ‘bovenrivieren’ area. The MSc 
graduation report of Van Loon (2000) shows that the model of Sellmeyer needs adjustments 
and scientific underpinning in the near future for the erosion (scour) sensitivity of soil particles 
in relation to the grain size distribution of the soil particles (see also filter rules) and the 
ground water velocity. Also a separation in the model between the groundwater flow and the 
particle transport caused by this flow, is highly recommendable. 
Also other failing mechanisms like the stability of the inner and the outer slope protection of 
the dike and micro instability of the dike core need extra attention. 
 
Geoprobabilistics 
Since the 1950’s the dominant view of water safety was one of water height. Nowadays the 
real chance of failing of the dikes is the key factor. This asks for a methodology where the 
probability of failing mechanisms is combined with the uncertainty of the subsoil and dike 
composition. The uncertainty of the subsoil due to heterogeneity is addressed in section 
2.4. 
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Interesting aspects of this subject are the connection with monitoring (see the next 
paragraph) and the proven strength concept. This concept uses the knowledge that dikes 
sometimes have withstood large water levels in the past. Specifically this is the case for 
secondary dikes like those along the Ijsselmeer coast in the province of Noord-Holland and 
the dikes in the southwestern delta. In historical times these dikes were primary (sea 
defence) dikes and have faced storm surge levels higher than the current design values. 
Clearly a ‘proven-strength’ calculation methodology for dikes is needed, to account for this 
knowledge and give a quantitative estimate of the failure probability. 
 
Monitoring 
Currently monitoring in water defense systems is applied to a limited extent only; the main 
part being measurement of water levels. This is connected to the paradigm that only the 
height of a dike is relevant, more than the strength. From a point of view of the geo-
engineering this perspective is too restricted. Consistent decisions for interventions in flood 
defense systems ask for an integrated framework for knowledge and information where all 
(possibly time dependent) relevant factors have been incorporated. Integration of 
monitoring data in a decision process is an example system for these issues. 
The focus of the research will be the development of a methodology for the incorporation of 
monitoring information in quantitative flood risk assessments. The focus will be on 
applications in flood risk assessment such as the reliability of flood defenses, especially on 
failure mechanisms where hydraulic loads and geotechnical resistance are important 
 
A second line of research is in development of monitoring techniques. A direct signal of 
overloading of a dike might be sound effects generated by (large) deformations that occur 
before failure really takes place, or by internal erosion as occurs in the piping mechanism. 
This technique is known as ‘Acoustic emission’. For this purpose an instrumented pvc pipe 
has been installed in the large scale test facility “IJkdijk” in the province of Groningen. This 
pipe measures the ground water level in the dike as well as provides space for geophones 
to detect noises of small deformations (micro-cracking, ‘groaning of the dike’). Exploratory 
measurements have to demonstrate a proof of concept. Possibly such an inventory can be 
followed by a PhD study. 
 
Flow slides of submerged slopes composed of loose sands 
The natural flow slides of submerged slopes with surfacing loose sand layers, which 
occurred along the coast of the Dutch province of Zeeland during the last few centuries 
often severely damaged the historical flood defenses. Human-induced flow slides can occur 
due to dredging activities for example improving the waterways and harbors, strengthening 
of flood defenses, inland mining of sand and gravel and offshore construction. Also heavy 
construction, like tanks for storing fluids, and severe vibrations near the crests of sensitive 
submerged slopes may induce flow slides. Flow slides can be initiated by both liquefaction 
of loosely packed sand layers in the underwater slopes and by retrogressive erosion of 
more densely packed sand layers (breaching). The damage caused by the liquefied slope 
failures is often considered more important than the subsequent flow. However, flow slides 
occurring along the slopes of the continental margins can initiate turbidity currents, 
destroying sub-sea cables, pipelines and bottom-based offshore installations and even 
inducing tsunamis. 
 
Models will be developed for the following three objectives:  
 improving both the design and construction of submerged loose sandy slopes by the 

dredging industry; 
 establishing the suitability of such slopes along deep open water for heavy industrial 

activities near their crests; 
 validating the effectiveness of strengthening measures of such slopes. 

 
The capabilities and limitations of the considered types of constitutive models will be 
assessed in terms of physical clarity of formulation, quality of simulation, computational 
robustness and ease of parameter determination. 
 
 
Strength testing of soft cohesive soils 
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In many deltaic areas, for example the western part of the Netherlands, the upper soil layers 
are not over-consolidated and have, as a result, very low shear strengths. Besides, the shear 
strength depends mainly on the very variable cohesion and less on the frictional component. 
Therefore there is a lot of uncertainty about this shear strength. It varies a lot within a soil 
layer and little is known about the effects of long term loading or the effects of aging of the soil 
material. This is of special interest for the determination of the stability of water defense 
systems. Especially at the dike toe the total stresses are low and the pore pressures can be 
high, which results in a low effective stress and consequently a low shear strength.  
A better understanding of the shear strength at low stresses is clearly needed, not only for the 
dikes, but in fact for all civil projects in the northern and western parts of the Netherlands 
where soft, not over-consolidated clay or peat layers are found in combination with a high 
ground water table. There are many aspects involved in the strength behavior, e.g. spatial 
variability, aging, tension cut off effects and loading time effects. An important research 
question is which strength concept (2% deformation strength, peak strength, or residual 
strength) is the relevant one to use in design; the next question is then how to measure 
accurately this strength both in situ and in the lab. 
 
Related issues are considered elsewhere in this program: constitutive models for peat dikes 
(2.2.4), consequences heterogeneity on failing and probability of failure (2.4.4), influence of 
heterogeneity on interpolation between borings and/or CPT’s (2.4.4). 
 

 
2.3.2 Consequences climate change on coast and river 

Coastal hazards induced by climate change. 
Climate change will have a large impact on coastal areas as they are most vulnerable to sea 
level change, changes in storm surges, differences in flooding regime and changes in the 
supply of sediment to the coast. Coastal and river systems will therefore adapt to these 
changing conditions which unavoidably will impose problems in populated coastal areas. 
Subthemes are  

 Effects of changing wave climate on coasts (together with Univ. of Sydney); 
 Fundamental understanding of river delta formation using numerical modeling;  
 Effects of sea-level rise on coasts. 

 
Potential water seep problems induced by sea-level rise and.changing river discharge 
regime. 
Elevated sea levels due to storm surges and flood conditions in embanked rivers lead to a 
large hydraulic gradient which causes seeping problems in areas with a (locally) high 
permeable shallow subsurface. This problem will become more severe in the future as floods 
will be larger and longer while sea level will rise. Besides flooding, seep may potentially 
become form a mechanism for failure of water defense systems due to piping. 

 Identification of local high permeable deposits (channels) in the subsurface using Digital 
Elevation Models (DEM’s) and geophysics (Geomatics, TUD). 

 General: more and improved understanding of subsurface heterogeneity in coastal 
areas. 

2.4 Knowledge basis 
This section is devoted to subjects that are of general importance and not directly related to 
the core domains. Three subjects belong to this generically fundamental research. 
 
2.4.1 Data driven modeling 
 
The first line of research in data driven modeling is to combine calculation results with 
experience and expert knowledge. According to the sky-high costs related to failures in 
construction, traditional modeling technique are still not sufficient, despite developments in 
(numerical) techniques. The big profit for the upcoming decennia may be found in merging 
(field) experience and theory.  
 
A second line of research is making an AI-‘interface’ for the Finite Element Method (FEM). 
FEM is a relatively complex tool that asks for experienced FEM-users. The key task is to 
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transform design calculation methods, but especially the finite element code, into a tool that 
can not only be used by specialized design agencies, but also earlier in the planning process 
whilst plans are in a very early stage. 
 
2.4.2 Numerical models 
 
In addition to new numerical model development, as part of the thematic research items, it is 
necessary to continuously investigate the possibilities and limitations of existing numerical 
models.  
In the past many constitutive models and numerical methods based on the finite element 
method have been proposed and developed for specific applications. Many of these models 
have become and will become available for geotechnical engineers in software packages like 
Plaxis. Engineers need to become familiar with the possibilities and limitations of numerical 
models. Rather than find this out by themselves (or by trial and error), the Knowledge Centre 
for Geo-engineering should play a leading role by performing such investigations and making 
the results available to geotechnical engineers in general by means of a web-based 
'Knowledge Base'. Considering the continuous development of numerical models, the 
investigation of possibilities and limitations should be a continuous activity within the 
Knowledge Centre. 
 
2.4.3 Effectively dealing with inherent ground uncertainty  
 
Ground information remains always incomplete and is often fuzzy and random as well. The 
resulting ground uncertainty is a major driver of risk, within any type of activity within the 
subsoil.  
The focus of knowledge (development) in this field is directed at the introduction and 
enhancement of knowledge important to geo-engineering from the geological genesis of the 
subsoil. The field of engineering geology links and translates the ‘geological’ uncertainties 
about the subsoil in adequate 4D subsoil models and accompanying object-specific 
parameters, necessary for an adequate risk-driven approach. Integration of geotechnical 
measurements (borings, soil penetration tests, etc.) and results from geophysical 
measurements will lead to a more adequate description of the structure of the (layered) 
subsoil, with accompanying relevant parameters for geotechnical applications. 
 
The subsurface is heterogeneous, i.e. the mechanical and (geo)hydrological parameters 
show large variations dependent on the space coordinates. There are three classes of 
modeling for the subsurface (1) conditioned statistical models, (2) process based models 
and (3) geological models. A method that becomes increasingly important is based on 
Markov chains. It has the additional advantage that it can combine heterogeneity and fluid 
flow. Process based models for sediment deposition are closely related to the geology and 
it can be expected that they become increasingly important. In combination with the models 
(1) and (2) it is expected to become a powerful method to effectively deal with ground 
uncertainty.  
 
Measurements can decrease the subsoil uncertainties considerably. The integration of 
methodologies from geology,.geophysics and remote sensing, and classical local 
measurements is expected to become more powerful. Emphasis is given to combination of 
data on various scales. Specific subjects are 
 
 integration of geotechnical site investigation and shallow geophysical surveys; 
 geostatistics and stochastic modeling; 
 using remote data, like e.g. radar interferometry data to monitor infrastructure behavior. 
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3. PhD-projects and project ideas 
The following list of projects has been organized in three sections: Ongoing projects (in 2007), 
projects starting (presumably) in 2008, and project ideas (2009 - ...). All projects have been 
given a place in the societal themes of the Deltares R&D programming 
Theme 8 Bouwen voor ruimte (Building for Space) 
Theme 9 Leven met water (Partnering with Water) 
Theme 11 Ondergrond, water en ruimte (Environment). 

3.1. Ongoing projects 
 
Program Theme 8 Bouwen voor ruimte 

Project  Compensation grouting 
PhD student Adam Bezuijen  
Problem description 
 

Tunnelling may create a settlement trough that can lead to 
settlements of buildings. This can be prevented or compensated by 
a grouting zone in the area. However, the mechanisms that 
determine the shape and the length of the fractures are still 
unknown 

Focus PhD subject  Model tests are performed with different grout mixtures in order to 
study the influence on the shape of the fractures. In these tests the 
injection pressure, pore pressure, total pressure and volume 
changes are measured. It appeared that most common applied 
grout mixtures did not lead to fracturing of the soil but more to a 
densification of the soil.  
Element tests are being developed and performed to check the 
properties of the grouts that are used in the model tests. This 
results in relations how the permeability of the grout depends on 
the amount of cement and what parameters determine the leak-off. 
Furthermore the influence of these parameters on the 
compensation grouting process is investigated. With these results 
it is possible to ‘design’ a grout that leads to a fracture. Further 
research will focus on the influence of the injection velocity and a 
quantifying of the conceptual model that describes the fracture 
initiation behaviour. Furthermore the influence of a fracture on the 
heave of the soil above the fracture will be studied. 

Cooperation NZ lijn Amsterdam, DC, COB 
Contacts TU and 
Deltares  

Van Tol, MSc-students, Bezuijen 

Contribution Deltares 
2008 
 
2009  

Experimental facilities 
 
 
Ends  2009 
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Program Theme 8 Bouwen voor ruimte 
Project  Stress and strain development around a 

displacement pile in sand during installation 
PhD student Jelke Dijkstra 
Problem description During the installation of a displacement pile the soil around the 

pile is pushed away and distorted. In engineering practice the 
installation effects can be accounted for only by empirical design 
rules, but these have a limited reliability.  

Focus PhD subject  The main objective of the research is to improve the predictions of 
pile bearing capacity by improving the simulation of the installation 
phase in finite element calculations. The research consists of 
experimental and numerical investigation into the installation 
effects of a jacked displacement pile in sand The experimental 
research consists of the determination of density and stress 
changes in the soil near the pile in a 1g photoelastic model set up. 
Also centrifuge tests in which density changes in the soil near the 
pile are measured will be executed. The numerical part of the 
research consists of simulations 
and predictions in a numerical scheme capable of large 
deformations 
coupled to a soil state formulation 

Cooperation Delft Cluster, CUR 
Contacts TU and 
Deltares  

Van Tol, Van Tol 

Contribution Deltares 
2008 
 
2009 

 
GeoCentrifuge experiments 
 
Ends 2009 

 
Program Theme 8 Bouwen voor ruimte 

Project  Adaptive multiscale finite element method for subsurface flow 
simulation 

PhD student John van Esch 
Problem description 
 

Natural geological formations generally show multiscale structural 
and functional heterogeneity evolving over many orders of 
magnitude in space and time. For groundwater flow at field scale 
the permeability is the most dominant and also the most 
heterogeneous parameter. Laboratory experiments provide 
measurements of the subunit parameters on a fine scale. 
Upscaling methods are applied in order to propagate information 
over the hierarchy of scales both functionally and structurally from 
the fine scale to the coarse scale. Permeability is not an additive 
parameter so it is not possible to calculate an equivalent coarse 
scale permeability as a simple average of fine scale 
measurements. Nevertheless groundwater calculations at field 
scale need relevant parameters.   

Focus PhD subject  The aim of this work is to provide a fast and robust algorithm to 
simulate groundwater flow, solute transport and heat transport 
through a highly heterogeneous porous media. The flow domain 
may be saturated or (partly) unsaturated. As a result of changes in 
solute mass fraction and temperature the density and viscosity of 
the fluid may vary in time. The  algorithm must be able to capture 
both the steady state and the time dependent fine scale character 
of the permeability tensor variable. The algorithm should be based 
on the finite element method because this method is widely used 
to solve geo-technical problems. The algorithm has to support 
parallel computing and adaptive grid refinement. 
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Cooperation - 
Contacts TU and 
Deltares  

Barends; Barends 

Contribution Deltares 
2008 
2009 
 

Van Esch at payroll Deltares  
 

 
Program Theme 8 Bouwen voor ruimte 

Project  Inverse modelling of soil behaviour during construction 
PhD student Anneke Hommels 
Problem description 
 

Adequate prediction of stress conditions and deformations in the 
subsurface is indispensable for reliable design of engineering 
structures, hazard and risk evaluation, and for long-term prediction 
of ground surface movement and stress development in the 
subsurface. Available prediction methods are suboptimal and not 
fully adequate. 

Focus PhD subject  Inverse modelling of physical processes has found a wide 
application in groundwater modeling and meteorology and could 
be applied in geomechanical modelling as well. 
An overview will be made of inverse modelling techniques as used 
in adjoining fields such as groundwater modelling, meteorology 
and oceanography. Furthermore attention will be paid to 
requirements of different constitutive models, to geological 
uncertainties and to quantification of uncertainties in 
parameterisation. 
Based on the results of this desk study a methodical concept for 
inverse modelling of stress/strain will be developed. Hereby the 
possibility of implying existing model codes such as DIANA and 
PLAXIS will be emphatically investigated. 

Cooperation TNO-bouw, DC  
Contacts TU and 
Deltares  

Molenkamp; … Deltares Utrecht (unit BGS)  

Contribution Deltares 
2008 
2009  

 
 
Ends 2009 

 
Program Theme 8 Bouwen voor ruimte 

Project  Nonlinear soil vibration induced by high-speed trains 
PhD student Jeroen Hoving 
Problem description 
 

Train speed increase has brought new problems to railway 
engineering, especially the increase of train, track and soil 
vibration amplitudes and rapid dynamically-induced soil settlement 

Focus PhD subject  The aim of this thesis is to develop a non-linear dynamic soil model 
that is capable of predicting soil vibrations and soil settlements 
induced by high-speed trains. The focus of modelling is placed on 
high-frequency vibrations, which necessarily accompany a high-
speed train. While determining the effective parameters of the soil 
model, the main attention is paid to ensure that the experimentally 
observed frequency-independent material damping and rate-
dependent soil settlement are reproduced 

Cooperation  
Contacts TU and 
Deltares  

Molenkamp, Hòlscher 

Contribution Deltares 
2008 

 
Ends 2009 
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Program Theme 8 Bouwen voor ruimte 

Project  Transitions on railways 
PhD student Bruno Coelho 
Problem description 
 

The transitions in railways between embankments and stiffly 
founded fly overs are one of the main concerns of the railways 
administrations, because of their maintenance costs due to 
problems in vertical surface and lateral alignment, pumping ballast, 
hanging sleepers, ballast collapse, rail damage, and sleeper 
cracking. 

Focus PhD subject  Basically, the problem of transitions is associated with the stiffness 
difference that occurs. The irregularities of track stiffness will cause 
variations in the train/track interaction forces, and force variations 
will imply track degradation. As soon as the track geometry starts 
to degrade, the variation of the train/track interaction forces 
increase, and this speeds up the track deterioration rate. The 
change on track support is mainly motivated by the relative 
settlement of the soil to the structure. This settlement has two 
parts, one mainly static caused by the permanent settlement of the 
soil (soil creep), and another one mainly dynamic caused by the 
deformation of the soil when subjected to the train loads. So, the 
transition problem involves the long and short term behavior of the 
soil, and the static and dynamic behavior. 
 

Cooperation Prorail, Delft Cluster  
Contacts TU and 
Deltares  

Van Baars; Barends 

Contribution Deltares 
2008 
2009  

Supervision by Barends 
 
 

 
Program Theme 8 Bouwen voor ruimte 
Project  Improvements for the interpretation methods of quasi-static 

pile load tests 
PhD student Nguyen Quang Huy 
Problem description 
 

Quasi-static pile load tests, such as Statnamic and pseudo-static 
tests are considered as an economic alternative for static tests due 
to the low costs and fast execution. In the interpretation of quasi-
static tests, rate effects should be taken into account, but in sand 
they are generally neglected . 

Focus PhD subject  In this research two fundamental questions will be answered: 
1. The effect of loading rates on strength of sand and on resistance 
of a pile embedded in sand; 
2. The excess of pore water pressure and its effects on stiffness 
and ultimate capacity of a pile during a quasi-static load test. 
The first question is experimental investigated by laboratory triaxial 
tests as well as model pile tests for dry and saturated sand; the 
second question is numerical investigated based on the framework 
of Biot (1956) for the dynamic response of saturated porous 
material. The findings will be implemented in the interpretation 
methods for the quasi-static pile load tess for better predicted static 
behaviour of a pile. Centrifuge tests for verification are proposed.  

Cooperation CICAT, Delft Cluster 
Contacts TU and 
Deltares  

Van Tol, Van Tol 

Contribution Deltares 
2008 
 

Expertise Hölscher 
Thesis defense 23 september 2008 
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Programme Theme 8. Bouwen voor ruimte 
Project  Improvements for the interpretation methods of quasi-static 

pile load tests (continuation) 
PhD student Nguyen Chi 
Problem description 
 

Quasi-static pile load tests, such as Statnamic and pseudo-static 
tests are considered as an economic alternative for static tests due 
to the low costs and fast execution. In the interpretation of quasi-
static tests, rate effects should be taken into account, but in sand 
they are generally neglected . 

Focus PhD subject  The earlier research focussed on two fundamental questions: 
1. The effect of loading rates on strength of sand and on resistance 
of a pile embedded in sand; 
2. The excess pore water pressure and its effects on stiffness  
and ultimate bearing capacity of a pile during a quasi-static load 
test. 
The first topic has satisfactory been analysed. Regarding the 
second topic the results of the experimental study require 
additional confirmation in particular for other pile types. The 
numerical simulations should be improved with a more realistic soil 
numerical model that integrates dynamic calculations, plasticity 
and consolidation in a proper way.  

Cooperation CICAT, Profound, Birminghammer, Fugro 
Contacts TU and 
Deltares  

Van Tol, Heeres, Holscher 
 

Contribution Deltares 
2008 
 
 

Experimental research at Deltares, supported by Deltares 
Expertise, Holscher 
 
 

 
 
 
Program Theme 8 Bouwen voor ruimte 

Project  Reducing the risks in geotechnical engineering using artificial 
intelligence techniques 

PhD student Annemieke Mens 
Problem description 
 

According to the sky-high costs related to failures in construction,  
traditional modelling technique are still not sufficient, despite 
developments in (numerical) modelling. The big profit for the 
upcoming decennia may be found in merging (field) experience 
and theory. 

Focus PhD subject  Artificial Intelligence techniques seem to be quite promising to 
solve these issues. However, insufficient knowledge is available 
about appropriate applications concerning the wide range of 
possible implementations of hybrid systems in geo-engineering. 
Therefore, first, available scientific literature on AI and risk analysis 
will be scanned with respect to implementation risks in foundation 
engineering. Emphasizing hybrid methods already developed in 
hydraulics and hydrology, the objective is to develop new 
prediction tools. The already developed GeoBrain predicting tool, 
based on experts’ knowledge will be used as a case study to 
validate these new techniques. 

Cooperation DC program ‘New perspectives for foundations’  
Contacts TU and 
Deltares  

Van Tol, Van Noortwijk (TU-EWI), Van Tol 

Contribution Deltares 
2008 
 
2009 t/m 2011 

Expertise Koelewijn 
A.Mens on payroll Deltares  
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Program Theme 8 Bouwen voor ruimte 

Project  Decision support during early design 
 

PhD student Raymond van der Meij 
Problem description 
 

Current (numerical) design tools are relatively complex and can 
only be used by specialized design agencies. By making these 
tools available for non-specialists advanced knowledge can be 
used very early in a project and prevent unforeseen problems 
designers otherwise are confronted with later on in the project.  

Focus PhD subject  The aim of the project is to develop a tool that enables a planner/ 
designer to use all possible geotechnical knowledge 
(measurements, simple calculations, complex constitutive models, 
expert judgments) in an early stage of a project.  This toolbox will 
both be designed to model ground improvement techniques such 
as micro piles and focus on horizontal deformations. 
The Finite Element Method is a relatively complex tool that can 
only be used by experienced FEM-users. The key task of the 
second part of the project is to transform all methods, but 
especially the finite element code into a tool that cannot only be 
used by specialized design agencies, but also earlier in the 
planning process whilst plans are in a very early stage.   

Cooperation Univ. Stuttgart (Pieter Vermeer), DC  
Contacts TU and 
Deltares  

Van Tol; Van Tol  

Contribution Deltares 
2008 
2009 t/m 2011 

Van der Meij on payroll Deltares 

 
 
Program Theme 8 Bouwen voor ruimte 

Project  Limits of Uniqueness of the Mohr-Coulomb Model 
PhD student Alexander Rohe 
Problem description 
 

It is unclear whether or not higher order material models as Mohr-
Coulomb-like elasto-plastic gradient models will be needed in order 
to simulate the observed material behaviour. 
 

Focus PhD subject  The purpose of this research is to find the material parameter fields 
at the limits of existence and uniqueness of the displacement type 
of quadrilateral finite elements. Comparison of these fields with the 
experimentally observed occurrence of material parameters will 
clarify whether or not higher order material models as Mohr-
Coulomb-like elasto-plastic gradient models will be needed in order 
to simulate the observed material behaviour. 

Cooperation - 
Contacts TU and 
Deltares  

Molenkamp; Sellmeijer 

Contribution Deltares 
2008 
 
 

None 
Ends 2008 

 
Program Theme 8. Bouwen voor ruimte 

 
Project  Suzanne van Eekelen   
PhD student Geogrid mattress and other geotextile systems 
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Problem description 
 

Geotextiles are more and more used nowadays in infrastructural 
construction. A good example is the Geogrid mattress option which 
has been chosen for the widening of the A2 highway. Not because 
this option is cheaper, but with this the construction goes much 
faster and results therefore in lower traffic hinder and society costs. 
There is however little experience with these type of soil-geotextile-
concrete structures. Knowledge is limited and design tools and 
design codes are in many cases not appropriate. Therefore 
research is needed in order to facilitate the design of these new 
geotextile structures. 
 
Research question: How can new soil-geotextile-concrete 
structures be designed and how can the soil–geotextile interaction 
be accurately modelled for design (for example a geogrid mattress 
in finite element models)? 
 

Focus PhD subject  Focus of PhD-research: Developing 2D and 3D design tools and 
design codes for geotextile systems. 
 

Cooperation                                              
Contacts TU and 
Deltares  

 
 

Contribution Deltares 
2008 
2009 t/m 2011 
 

PhD student at payroll Deltares  
Part of Deltares-onderzoeksplan (R&D plan)   
 

 
Program Theme 8. Bouwen voor ruimte 

 
Project  Modelling of installation effects of displacement piles 

 
PhD student Kursat Engin 

 
Problem description 
 

Displacement piles, such as concrete prefabricated piles, are often 
used for pile foundations. During the installation of a displacement 
pile the soil around the pile is pushed away and distorted. For a 
driven pile the process is even more complex, due to vibrations 
caused by the installation process. In engineering practice the 
installation effects are accounted for by empirical means. 
In the ongoing PhD study of Dijkstra static effects are being 
investigated; this project is the necessary extension into dynamic 
effects of pile driving. 

Focus PhD subject  The research consists of two parts (i.e. 2 PhD students). This 
project concerns part 2: numerical modelling and development of 
soil models; partly implementation of existing models (large strains, 
dynamics, hypoplasticity (effect density on soil properties), partly 
development new models (crushing). 

Cooperation Plaxis B.V. 
STW-application, applied end 2007 

Contacts TU and 
Deltares  

Brinkgreve; … 

Contribution Deltares 
2009 
2010 t/m 2011 
 

 
€ 35.000 (50% PhD student)  
€ 70.000 
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Program Theme 9 Leven met water 
 

Project  E-survey of peat deposits  
PhD student M. Ponziani 
Problem description 
 

The Dutch subsurface is notorious for its poor ground conditions 
and high water table.  Its organic layers behave heterogeneously 
both in space and time, thus posing huge challenge to ground 
engineers whose task is to construct soil structures free of 
differential settlement or to guarantee the long term stability of 
secondary dikes.  
 
The proposal is to measure the electric conductivity and 
chargeability of peaty soils in a prototype impedance-oedometer at 
low frequencies and to relate their electric properties to their index 
properties (organic content, degree of humification, for example) 
and their geomechanical properties (permeability, strength and 
deformability) at different stages of consolidation and under 
various degree of humidity. 

Focus PhD subject  The research will lead to the modelling of the electrokinetics taking 
place in organic soils due to the application and interruption of an 
electric current. It will open the possibility to conduct multi-
frequency electric and electro-magnetic surveys to characterize the 
3D distribution of peat deposits and their variability in terms of 
geomechanical parameters. 

Cooperation Delft Earth 
Contacts TU and 
Deltares  

Ngan-Tillard/Slob; … Deltares Utrecht (R.Westerhof?) 

Contribution Deltares 
2008 
 
2009 t/m 2011 

50% PhD student  
Euro 25.000 
 
Euro 75.000 

 
 
Program Theme 9 Leven met water 

 
Project  ??  
PhD student N. Geleynse 
Problem description 
 

 
 
 
 
 
 
 
 
 
 
. 

Focus PhD subject   
 
 
 
 
 
 
. 

Cooperation  
Contacts TU and 
Deltares  
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Contribution Deltares 
2008 
 
2009 t/m 2011 

 

 
Program Theme 9 Leven met water 

 
Project  Flow slides of submerged slopes (liquefaction) 
PhD student Richard de Jager (Boskalis) 
Problem description 
 

The natural flow slides of submerged slopes with surfacing loose 
sand layers, which occurred along the coast of the Dutch 
province of Zeeland during the last few centuries often severely 
damaged the historical flood defences. Also human-induced flow 
slides can occur due to dredging activities. Heavy construction, 
like tanks for storing fluids, and severe vibrations near the crests 
of sensitive submerged slopes may induce flow slides as well. 

Focus PhD subject  Flow slides can be initiated by both liquefaction of loosely packed 
sand layers in the underwater slopes and by retrogressive 
erosion of more densely packed sand layers (breaching). The 
damage caused by the liquefied slope failures is often considered 
more important than the subsequent flow. However, flow slides 
occurring along the slopes of the continental margins can initiate 
turbidity currents, destroying sub-sea cables, pipelines and 
bottom-based offshore installations and even inducing tsunamis. 
 
Models will be developed for the following three objectives:  
 improving both the design and construction of submerged 

loose sandy slopes by the dredging industry; 
 establishing the suitability of such slopes along deep open 

water for heavy industrial activities near their crests; 
 validating the effectiveness of strengthening measures of 

such slopes. 
 

Cooperation STW is the main sponsor of this research 
Contacts TU and 
Deltares  

 

Contribution Deltares 
2009 
2010-2012 
 

€ 15.000 
 
€ 60.000 (?) 

 
Program Theme 9 Leven met water 

 
Project  Integration of monitoring in flood risk assessments 
PhD student Timo Schweckendiek 
Problem description 
 

Consistent decisions for interventions in flood defense systems ask 
for an integrated framework for knowledge and information where 
all (possibly time dependent) relevant factors have been 
incorporated. 

Focus PhD subject  The PhD subject will be the development of a methodology for the 
incorporation of monitoring information in quantitative flood risk 
assessments. To this end, the work will be placed in the context of 
a Bayesian decision framework. This framework is to be analyzed 
and extended where necessary to facilitate the use of new 
information gathered by monitoring. To this end the PhD student 
will explore and evaluate suitable techniques, such as Bayesian 
(reliability) updating, data assimilation or inverse modeling 
methods. The focus will be on applications in flood risk 
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assessment such as the reliability of flood defenses, especially on 
failure mechanisms where hydraulic loads and geotechnical 
resistance are important. 

Cooperation  
Contacts TU and 
Deltares  

Vrijling/Barends; Barends 

Contribution Deltares 
2008 
 
2009 t/m 2011 

 
Schweckendiek payroll Deltares 
 
 

 
 
Program Theme 11 Leefomgeving 

 
Project  Chaotic flow  
PhD student S. Korteland 
Problem description 
 

Traditional in-situ source zone remediation technologies are 
inhibited by slow mass transfer from the pure phase in the soil to 
the remediation system. Chaotic advection may significantly 
enhance solute mixing in the subsurface, thereby enhancing mass 
transfer processes. In groundwater flow, chaotic advection 
(theoretically) can be produced through oscillatory extraction and 
re-infiltration of groundwater using a system of Wells. 

Focus PhD subject  The aim of this project is to develop a fundamental description of 
the kinetics of mass transfer in the neighbourhood of source zones 
for engineered chaotic flow remediation systems. This description 
will be tested in laboratory experiments and put down in a 
numerical model. In a later phase of the project, the model and 
experimental results will be scaled up to field scale. In situ 
visualisation methods are important for validation of the model. 

Cooperation Remediation contractors 
Contacts TU and 
Deltares  

Bruining/ Heimovaara;  Deltares? 

Contribution Deltares 
2008 
 
2009 t/m 2011 

? 

 
 
Program Theme 11 Leefomgeving 

 
Project  Geothermal Energy, effect of soil heterogeneity on the 

efficiency of cyclic seasonal storage of hot and cold water 
PhD student Sanaz Saeid 
Problem description 
 

Presently geothermal energy is responsible for 0.5% of the world 
energy production. The potential of this method is presently 
underestimated.  Methods to optimize this process will depend on 
an adequate representation of the heterogeneity of the subsoil. 
The heterogeneity model will be input in models for heat and mass 
transfer such as radiation, natural convection, conduction, 
dispersion, diffusion and condensation. These mechanisms 
determine the foot print on other local systems and the efficiency of 
the process. 
 
Research question: What is the footprint of heat-exchange 
systems on other local systems? 

Focus PhD subject  Since all the required parameters like geological, geohydrological, 
geochemical, and geophysical data are incomplete and difficult to 
obtain, a robust integration method is an essential element of the 
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decision model to complete the database for reservoir appraisal. 
Valuable information obtained from experience and expertise 
gained from existing cases is the other essential element of the 
decision model. Both elements will be integrated by dedicated 
logistic methods. 
 

Cooperation Delft Earth 
PhD student supported by Iranian Government 
The Student Union of Mining Engineers is presently active in 
realizing a Deep Geothermal project at the TU-Delft. There is 
sufficient sponsoring so the project will start in 2009.  
 

Contacts TU and 
Deltares  

Bruining / Barends 

Contribution Deltares 
2008 
2009 t/m 2011 

Supervision by Barends 

 

3.2. Projects starting 2009 
 
Program Theme 8. Bouwen voor ruimte 

 
Project  Installation effects of displacement piles 

 
PhD student vacancy  
Problem description 
 

Displacement piles, such as concrete prefabricated piles, are often 
used for pile foundations. During the installation of a displacement 
pile the soil around the pile is pushed away and distorted. For a 
driven pile the process is even more complex, due to vibrations 
caused by the installation process. In engineering practice the 
installation effects are accounted for by empirical means. 
In the ongoing PhD study of Dijkstra static effects are being 
investigated; this project is the necessary extension into dynamic 
effects of pile driving. 

Focus PhD subject  The research consists of two parts (i.e. 2 PhD students): this 
project concerns the first part: experimental research in a photo-
elastic set up, in the TU-Delft geo-centrifuge en in the Deltares 
Geo-centrifuge 
 

Cooperation STW-application, applied end 2007 
Contacts TU and 
Deltares  

 

Contribution Deltares 
2009 
2010 t/m 2012 
 

 
€ 70.000 (PhD student) (exp) 
€ 210.000 
 

 
 
Program Theme 8. Bouwen voor ruimte 

 
Project  Shallow and fast microtunneling 

 
PhD student vacancy 
Problem description 
 

The controllability and navigability of micro-tunnelers and the to be 
installed pipe line in very soft soil is problematic, In some cases itb 
has resulted in loss of the complete equipment. 
. 
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Focus PhD subject  Getting understanding of the behavior of micro-tunnelers in 
extremely soft soils; modeling of the surface friction along the 
pipes and of teh forces on the tunneler; Modeling interaction 
tunneler/pipe/soil..  

Cooperation COB , follow up current DC project 
STW application in preparation 

Contacts TU and 
Deltares  

 

Contribution Deltares 
2008 
 
 

To be determined (after ‘GO’ from STW) 

 
Program Theme 8. Bouwen voor ruimte 

Boortunnels 
Project  Underground Space Technology 
PhD students two vacancies (2009 start) 
Problem description 
 

   

Focus PhD subject   
Cooperation North South Line 
Contacts TU and 
Deltares  

Johan Bosch / .. 

Contribution Deltares 
2008 
 
 

Delft Cluster 2008- 2009 
Deltares 2020-2011 

 
 
 
 
 
Program Theme 9 Leven met water 

 
Project  Peat dikes 
PhD student 2 vacancies 
Problem description 
 

The behaviour of unsaturated soft soils, in particular peat and 
organic clays is not yet fully understood. The determination of 
strength and stiffness of the numerous peat dikes in the 
Netherlands requires a program of experimental, micro-mechanical 
and numerical research.  

Focus PhD subject  See STW-proposal Molenkamp 
Cooperation STW is the main sponsor of this research 
Contacts TU and 
Deltares  

 

Contribution Deltares 
2008 
2009 t/m 2011 
 

€ 50.000 (after ‘GO’ by STW) 
 
€ 250.000 
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Program Theme 9 Leven met Water 

Project  The dike stethoscope 
PhD student  
Problem description 
 

Bezwijken van een dijk wordt mogelijk voorafgegaan door (grote) 
vervormingen die geluidseffecten zouden veroorzaken (“kreunen 
van de dijk”). Geluidsdetectie ten gevolge van vervormingen leek 
enkele decennia geleden al veelbelovend te zijn, dit is destijds 
echter niet nader uitgewerkt. 
 

Focus PhD subject  Binnen het IJkdijk-project is het idee ontstaan om dijken te 
monitoren èn te conditioneren met behulp van een zogenoemde 
Luisterbuis: een drainage/infiltratiebuis voorzien van microfoons 
waarmee de grondwaterstand in de dijk kan worden bepaald en 
beïnvloed en bovendien deformaties gedetecteerd kunnen worden, 
van kleine bewegingen tot afschuiving en erosie. Exploratory 
measurements during the first IJkdijk-test suggest new 
possibilities. 
A start can be made in a MSc project, After this exploratory phase 
a PhD project can possibly be started.. 

Cooperation Fits within IJkdijk-project: NOM, Landustrie, Volker Wessels, TNO-
ICT 

Contacts TU and 
Deltares  

../Slob; A.R.Koelewijn / R.Westerhof (Utrecht) 

Contribution Deltares 
2008 
 
2009 t/m 2011 

 

 
Program Theme 11. Leefomgeving 

 
Project  Process based heterogeneity modeling for smart soils 

applications 
PhD student vacancy 
Problem description 
 

It has been shown that it is possible to consolidate sand using the 
bacterially mediated ureum technique. However, the application in 
3-D may be difficult to the existence of thief zones, such that only 
the low permeability part of the soil remains unaffected. The 
disadvantage of the present geostatistical techniques is that they 
use no sedimentological knowledge to find the heterogeneity 
models. These models attain now ready to go from the research 
table the field. It can be expected that such methods are superior, 
in the sense that they are more realistic to describe the subsurface 
heterogeneity. 
 

Focus PhD subject  How does the quality of process based heterogeneity modeling 
compare to other methods of heterogeneity models, such as 
stochastic random fields, Markov chain based models or marked 
point processes. Application of the methods to situations of interest 
to smart soil technology 

Cooperation There is a PhD-student working on process based modeling, but 
for other purposes 
Part of NWO proposal (ACTS preproposal 18-02-2008) 

Contacts TU and 
Deltares  

 

Contribution Deltares 
2008 

1.Ph.D. student 
2.Travel expenses, overhead, computer. 
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Program Theme 11 Leefomgeving 
 

Project  
The use of smart soil technology to reduce natural convection 
effects during cyclic seasonal storage of hot and cold water 

PhD student vacancy 
Problem description 
 

Presently geothermal energy is responsible for 0.5% of the world 
energy production. However, the hypothesis is "The heat stored in 
the subsurface is the solution for greenhouse free energy supply; 
as a result the oil industry will become the geo-energy company." 
Natural convection flows will be generated by the temperature 
gradients when the Rayleigh number exceeds 40 (Ra ~ 104 k,  
where k [m/s] is the hydraulic conductivity of the soil). Therefore 
natural convection effects are important in gravel, well-sorted sand 
and sand-gravel layers. Natural convection effects increase 
undesirable heat losses/gains and pollutant transport. 

Focus PhD subject  Is it possible to use the smart soil technology to avoid natural 
convection effects? 
Method: Studies of mechanisms, e.g. bacterial hydrolysis of 
ureum, that influence the hydraulic conductivity of soil 

Cooperation A PhD student is currently working on natural convection effects 
related to CO2 storage in aquifers. 
Part of NWO proposal (ACTS preproposal 18-02-2008) 

Contacts TU and 
Deltares  

 

Contribution Deltares 
2008 
2009 t/m 2011 

1.PhD student 
2.Laboratory experiments 
3.Travel expenses, overhead, computer. 

 

3.3. Project ideas  
 
Program Theme 8 Bouwen voor ruimte 

 
Project  Tool box Building excavations 

The ‘tool box’ is an assembly of prediction models describing 
various risk management aspects of excavations 

PhD student  
 

Problem description 
 

From evaluation of construction failures in deep excavations in the 
Netherlands it was concluded that the installation of sheet pile 
walls is one of the main reasons of unforeseen damage to the built 
environment and exceeding of project costs. Moreover problems 
with the interlocks of sheet piles occur leading to unexpected 
leakage and possible sand erosion behind the retaining wall. 

Focus PhD subject  The research aims at better understanding and predicting the 
process of sheet pile installation. The PhD-project will focus on: 
1. the development of a model capable to predict the deformations 
in cohesive soils due to the installation of sheet piles; the study will 
focus in particular on situations with relatively high initial shear 
stress for example next to shallow foundations, slopes and 
embankments. 
2. the development of a model capable to predict the occurrence of 
interlock openings during impact driving, vibratory driving and 
press in of steel sheet piles.  

Cooperation - steel sheet pile providers, such as Arbed /Arcelor 
- the federation of Dutch foundation contractors NVAF  
- main clients 
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Contacts TU and 
Deltares  

 

Contribution Deltares 
2008 
2009 t/m 2011 

 

 
Program Theme 8 Bouwen voor ruimte 

 
Project  Axially loaded piles under alternating loads 

 
PhD student  

 
Problem description 
 

The effect of alternating loading on piles is not very well known but 
considerable in particular in case of tension piles. In design 
practice this effect is covered by additional safety factors. These 
design factors are not based on experimental evidence and 
theoretical analyses. 

Focus PhD subject  The research project contains: experimental research in the geo- 
centrifuges of TU-Delft and of Deltares and the development of a 
model that can deal with cyclic and alternating loading of piles. 

Cooperation CUR 
 

Contacts TU and 
Deltares  

 

Contribution Deltares 
2008 
2009 t/m 2011 

 

 
Program Theme 9 Leven met water 

 
Project  Remote data use for infrastructure monitoring 

 
PhD student  

 
Problem description 
 

A promising technique for observing deformation of the earth’s 
surface is the satellite radar interferometry. Since 1992, each 
month, four different radar data sets are produced. These sets are 
sets of so-called Persistent Scatterers (PS)-radar reflection 
centres. The temporal behaviour of these PS can be evaluated, 
leading to a formal linear displacement precision better than 1 
mm/year. First studies resulted in useful reflections from dikes and 
dams. These and other remote sensing techniques can be used 
and further developed for new applications for civil engineering 
aspects. One of these can be a tool for finding the weak spots in 
our water defence system and to predict future dike failure 
mechanisms. Other applications can be found by obtaining very 
accurate settlement data of structures (dikes, roads, houses) build 
in the past, for example in disputes like the settling houses near 
the Zevenaar tunnel, or the High Speed Line (HSL) settlement 
problems. Now we can obtain even afterwards data of project 
where we did not measure and the data is even more accurate 
then we were ever able to obtain in the past. 
 
Research question: What can be learned from these 
measurements regarding dike strength and safety? 

Focus PhD subject  Developing an inverse modelling method  for the interpretation of 
measured data in terms of geotechnical topics like strength and 
failure. 
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Cooperation TU-Delft, Fac Lucht- en ruimtevaart 
Contacts TU and 
Deltares  

 

Contribution Deltares 
2008 
2009 t/m 2011 
 

 

 
Program Theme 9 Leven met water 

Project  Failing mechanisms of dikes (piping a.o.) 
 

PhD student  
Problem description 
 

The largest risk of the Netherlands is flooding. The past and 
present have taught us that most floodings from the sea or rivers 
were not caused by simply overflowing of the dikes, but by 
geotechnical failing of the dikes. The different failing mechanisms 
deserve therefore more attention, especially the failing mechanism 
piping which is according common insight the biggest cause of 
future dyke failing. The MSc graduation report of Van Loon (2000) 
shows that the model of Sellmeyer needs adjustments and 
scientific underpinning in the near future for the particle role 
coefficient and the multi layer flow modelling. Also a separation in 
the model between the groundwater flow and the particle transport 
caused by this flow, is highly recommendable. 
Also other failing mechanisms like the stability of the inner and the 
outer slope protection of the dike and micro instability of the dike 
core need extra attention. 
 
Research question: How can the particle transport of the piping 
dike failure mechanism be modelled and how can this be 
implemented in design codes. 

Focus PhD subject  Laboratory modelling of particle transport in the piping dike failure 
mechanisms and updating of the design codes 

Cooperation Possible cooperation with the next SBW (Sterkte/Belastingen 
Waterkeringen) program (2011 – 2016)  should be taken in 
consideration (contact Meindert Van). 

Contacts TU and 
Deltares  

 

Contribution Deltares 
2008 
2009 t/m 2011 
 

 

 
Program Theme 9 Leven met water 

 
Project  

Strength testing of soft cohesive soils 
PhD student  
Problem description 
 

There is a lack of knowledge in the behaviour of the strength of 
soft soils at low stresses. There are many aspects involved in this 
behaviour like spatial variability, aging, tension cut off effects, 
loading time effects, etcetera. Another big problem is how to 
measure accurately this strength both in situ and in a lab. And 
which strength do we mean, 2% deformation strength, peak 
strength, residual strength? And which one do we have to use in 
design?  
In many delta areas, for example the western part of the 
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Netherlands, the upper soil layers are not over-consolidated and 
have, as a result, very low shear strengths. Besides, the shear 
strength depends mainly on the very variable cohesion and less on 
the frictional component. Therefore there is a lot of uncertainty 
about this shear strength. It varies a lot within a soil layer and little 
is known about the effects of long term loading or the effects of 
aging of the soil material. This is of special interest for the 
determination of the stability of water defence systems 
(dykes).Especially at the toe of a dyke the total stresses are low 
and the pore pressures can be high, which results in a low 
effective stress and a low shear strength. A better understanding is 
needed of the shear strength at low stresses, not only for the 
dykes, but in fact for all civil projects in the North and West of the 
Netherlands were soft, not over-consolidated clay or peat layers 
are found in combination with a high ground water table. 
 
Research question: How to measure accurately the strength of soft 
soils both in situ and in a lab? And which strength do we mean or 
use in design; 2% deformation strength, peak strength, residual 
strength or something else?  
 

Focus PhD subject  Focus of PhD-research: Developing new methods for measuring 
the strength of soft soils in situ and in a lab. Solving which type of 
strength should be used when in design / updating design codes 
for soft soil strength design. 

Cooperation Possible cooperation with the next SBW (Sterkte/Belastingen 
Waterkeringen) program (2011 – 2016)  should be taken in 
consideration (contact Meindert Van).  

Contacts TU and 
Deltares  

 

Contribution Deltares 
2008 
2009 t/m 2011 
 

 

 
 
Program Thema 11 Leefomgeving 

 
Project  Use of CO2 or smart soil technology to immobilize toxic 

compounds in waste disposal sites 
PhD student  

 
Problem description 
 

Waste disposal sites often contain heavy metals or other toxic 
substances. Immobilization of these toxic compounds can be an 
economical method to come to an environmentally acceptable 
solution. One possibility is to convert these compounds to 
carbonate salts, which are practically insoluble. 
 

Focus PhD subject  Studies of methods that lead to an even distribution of the 
remediation techniques through the disposal sites to answer the 
question whether it Is possible to use disperse carbon dioxide 
through the disposal site or to use bacterially mediated conversion 
of urea to immobilize toxic compounds? 
 

Cooperation Related projects are "arsenic removal from groundwater in 
Bangladesh" and smart soil technology. 

Contacts TU and 
Deltares  

 

Contribution Deltares 1.PhD student 
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2008 
2009 t/m 2011 
 

2.Laboratory experiments 
3.Travel expenses, overhead, computer. 
 

 
 
Program Thema 11  Leefomgeving 

 
Project  Natural attenuation of polluted sites 
PhD student  
Problem description 
 

Bacterially mediated attenuation of sites polluted with organic 
compounds is sometimes successful, but also can fail if 
concentrations are too high. However other technical remediation 
methods such as surfactants, steam etc. cannot completely 
remove the pollutants. The combination of these techniques 
presents a challenge. 
 
Research question 
Is it possible to expand the field of application of natural 
attenuation.  

Focus PhD subject  Determine fundamental reasons and circumstances when 
bacterially mediated conversion is less effective and the 
consequence of a pre-treatment using a conventional remediation 
technique 

Cooperation Collaboration project on the natural occurrence of bacteria in oil 
fields (ISAPP) with bioengineering with Prof. Dr. M. van 
Loosdrecht. At Deltares Utrecht there is a large group under 
supervision of Prof. Dr. Huub Rijnaarts working on bacterial 
remediation 

Contacts TU and 
Deltares  

 

Contribution Deltares 
2008 
2009 t/m 2011 
 

1.Ph.D. student 
2.Laboratory experiments 
3.Travel expenses, overhead, computer. 
 

 
Program Theme 11  Leefomgeving 

 
Project  Markov chain based heterogeneity modeling 
PhD student  
Problem description 
 

Markov chains models of heterogeneity modeling have the 
advantage that conditioning to measured data is relatively 
straightforward. Dr. Amro Elfeki and Prof. Dr. F. Barends 
developed a method to make the method practically viable. This 
method is, however, not fully optimized and many research 
questions remain. 
 
Research question  
Is it possible to improve the Markov chain method such that it is 
practically viable and approaches the quality of the full 
computationally expensive Markov chain method? 
 

Focus PhD subject  A stochastic analysis of simplified Markov chain procedures 
Cooperation There is a working group by Dr.G Uffink with Prof. Dr. M. Dekking, 

Dr. C. Kraaikamp (Mathematics department) and Prof. Dr. J. 
Bruining, who convenes on a two-weekly basis with the purpose to 
write papers on this subject. 
 

Contacts TU and 
Deltares  

Bruining / Barends 
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Contribution Deltares 
2008 
2009 t/m 2011 
 

1.PhD student 
2.Travel expenses, overhead, computer. 
 

 
Program Theme 11  Leefomgeving 

 
Project  Geophysical methods to follow the progress of soil 

strengthening by bacterially mediated ureum hydrolysis 
PhD student  
Problem description 
 

One of the challenges for smart soil applications is to obtain an 
even distribution of CaCO3 deposits in the soil. It can be expected 
that thief zones will try to avoid low permeable regions, which will 
be left unaffected. Flow diversion techniques with foams have 
been practiced in the oil industry for temporarily blocking thief 
zones. It is, however expected that a measurement and control 
system is required to optimize the method. 
 
The research question is whether it is possible to detect and 
control flow diversion methods to optimize smart consolidation 
processes in the subsoil. 
 

Focus PhD subject  (1) Geophysical methods to detect the progress of the 
strengthening process (EM or acoustic?) (2) Application of foam in 
the shallow subsurface (there is some experience with this in a 
field trial of pollutant remediation in Texas) 
 

Cooperation Prof. Dr. W.R. Rossen, professor in Petroleum Engineering at Delft 
University at Applied Earth Science is the world-wide expert on 
foam. Geophysical methods are now improving by the year. 

Contacts TU and 
Deltares  

 

Contribution Deltares 
2008 
2009 t/m 2011 
 

1.Two Ph.D. students 
2.Support for field tests 
3.Travel expenses, overhead, computer. 

     
Program Theme 11 Leefomgeving 

 
Project  Use of geophysical methods based stochastic models for 

heterogeneity modeling 
PhD student  
Problem description 
 

In recent years several techniques have been developed for 
integrating production data into heterogeneity models. These 
techniques allow engineers to build reservoir models that honor 
field production history and static information such as well logs, 
core and geophysical data. The theoretical basis of these 
techniques is generally rooted in the least-squares inversion 
theory. The research question is whether it is possible to apply 
these ideas to problems encountered in engineering geology 
 

Focus PhD subject  Comparison of existing methods and implement a method of 
choice inclusive possible improvements 

Cooperation There is a vast literature on these methods, and there are 
connections to universities, where the student can learn the 
methods. The geophysics department has the necessary 
theoretical background to support the study 
 

Contacts TU and  
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Deltares  
Contribution Deltares 
2008 
2009 t/m 2011 
 

1.Ph.D. student 
2.Travel expenses, overhead, computer. 
 

 
Program Theme 11 Leefomgeving 

 
Project  Integration of geotechnical and geophysical measurements 

and Remote Sensing  
PhD student  
Problem description 
 

Subsurface heterogeneity is an essential problem in geo-
engineering. Measurements can decrease the subsoil 
uncertainties considerably. The integration of methodologies from 
geology, geophysics and remote sensing, and classical local 
measurements is expected to become more powerful. 

Focus PhD subject  Emphasis will be given to combination of data on various scales. 
Specific subjects are  
 integration of geotechnical site investigation and shallow 

geophysical surveys; 
 geostatistics and stochastic modeling; 
 using remote data, like e.g. radar interferometry data to 

monitor infrastructure behavior 
 
First studies have resulted in useful reflections from dikes and 
dams. These and other remote sensing techniques can be used 
and further developed for new applications in civil engineering One 
of these can be a tool for finding the weak spots in our water 
defense system and to predict future dike failure mechanisms. 
Other applications can be found by obtaining very accurate 
settlement data of structures (dikes, roads, houses) built in the 
past, for example in disputes like the settling houses near the 
Zevenaar tunnel, or the High Speed Line (HSL) settlement 
problems. Now we can obtain even afterwards data of project 
where we did not measure and the data is even more accurate 
then we were ever able to obtain in the past.  

Cooperation  
Contacts TU and 
Deltares  

 

Contribution Deltares 
2008 
2009 t/m 2011 
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4. Other cooperation 

4.1. Labfacilities 
 
The laboratory facilities of Deltares/ unit geo-engineering and TU Delft/ section geo-
engineering are affiliated to their mother organisations, both scientifically and operationally. 
They have a focus on their own specific tasks (viz. for educational, scientific or commercial 
application) with their specific quality assurance and/or certification systems. On the other 
hand, much can be gained by distributing a number of tasks among each other, or combine 
effort when it comes to handling specific integrated research questions.  
 
The following options for partnering in facilities are being explored. 
 Use by Deltares of the central hall (not climatized) of the TU lab of geo-engineering, for 

classification and standard testing, a.o. for short courses. This is the more important since 
certification of the Deltares lab according to NEN 17025 restricts the use of (and even 
access to) the facilities strictly to qualified personnel. 

 Deltares takes care of courses on soil sample description intended for students; 
 Use by TUD for PhD-research of the Deltares Geo-centrifuge 
 Use by Deltares of the TUD geo-centrifuge for exploratory research; assistance of 

Deltares personnel and expertise in renewal of the TUD geo-centrifuge ans other 
equipment; 

 Use by TUD of the environmental./ microbiological lab (class 1) of Deltares 
 Use of calibration chambers (mutually) (instrumented sand container TUD; grout 

containers Deltares); 
 Use by Deltares of the photo-elastic set ups of TUD 
 Use by Deltares of climate controlled rooms of TUD; use by TUD of the Deltares climate 

rooms is not feasible due to the occupancy rate. 
 Mutual use of TX and oedometer testing apparatus. Apparatus at TUD and Deltares are 

of a complementary nature. Deltares has specific set ups for small deformations (also 
with Bender-elements in the cell) and dynamic measurements, TU can perform 
experiments on unsaturated specimens. Deltares has at it’s disposal K0-CRS equipment. 
The possibilities to use standard TX and oedometer at Deltares are limited due to 
occupancy problems. Deltares equipment is generally better protected against 
disturbance, essential for performing sensitive measurements. 

 Use by Deltares of rock mechanics (and hard soils) facilities. 
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4.2. Education (2008) 
 
The professors Barends and Van Tol both have a part time appointment at TU Delft as well as 
at Deltares. This personal union is of paramount importance for the cooperation and therefore 
the Knowledge Centre because of the authority they have at both sides of the borderline. 
 
 
Contribution Deltares 
Geo-Engineering 
 

Contact 
TU Delft 

Course 
 

Van Staveren 
 

Van Tol CT 4390 Geo Risk Management  

Van Meurs Ngan Tillard AES 1640, Environmental 
Geotechnics  
CT 3360, Subsurface 
Management 

Zwanenburg 
 

Van Tol  

De Rooy 
Lehnen 

Ngan-Tillard  

Den Haan 
 

Ngan-Tillard AES1730  Soil Mechanics 
Applications 

Venmans 
 

Ngan-Tillard TA1009,  … 
TA2230, … 

   
 
 

4.3. Wetenschapsraad (Scientific Board) Deltares unit Geo-
Engineering 

 
Prof.dr. H. Bruining has been invited to participate in the scientific board of the Deltares-unit 
Geo-engineering, with special attention for the SmartSoils® development team. Bruinings role 
in this team will be threefold 
 
 he will play an active role in the SmartSoils® research by attending meetings and being 

consulted on theoretical and practical issues. For this purpose he will regularly (0.5 
day/week) be at the premises of Deltares Stieltjesweg; 

 he will act as an internal referee/coach for scientific publications of the SmartSoils® 
group; 

 he will share his scientific network with the researchers of the SmartSoils® group. 
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5. Governance 
 
According to the agreement between GeoDelft (now Deltares) and TU Delft (dd 2007-02-07) 
the Knowledge centre has a Scientific Council (Wetenschappelijke adviesraad), consisting of 
at least seven members, being internationally outstanding scientists. The board will formally 
be appointed in 2008. This Draft Research Program 2008-2011 is partly intended to inform 
possible members and ask them formally to accede to this Council.  
 
According to the agreement between GeoDelft (now Deltares) and TU Delft (dd 2007-02-07) 
the knowledge centre has an User Board (Gebruikersraad) consisting of at least five 
members, to be appointed by external parties, representing the different markets where geo-
engineering is relevant. A combination will be made with the (to be installed) User Board of 
the Deltares unit Geo-engineering. 
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