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Presidential

Editorial

Dear reader,

First of all we want to wish everybody a happy New Year, even though it 
is a little late. We hope that everybody enjoyed their Christmas holidays 
and has started the year with some good New Years resolutions. The 
students among us are studying for the exam weeks, so for those of you 
who have lost confidence in their exams or are still in the holiday vibe, 
we have some very relaxing and inspiring articles. 

The highlight of this edition are the articles about climate change. Her-
man Ruschenberg wrote an interesting article about a research project 
concerning climate change and Jan Holtrop wrote a piece on his vision 
on these changes. Both articles provide a different view on the topic, 
allowing everyone to think carefully about it. 

Furthermore, in September 2015 a group of four students participated 
in the Petrobowl in Houston and won the third price. Congratulations! 
Henneke de Vries and Tom Postma tell us about all the ins and outs of 
this contest. Thaïsa van der Woude wrote an article about her internship 
at Medusa Explorations in Spain. 

Also, the department of Geotechnology and Engineering recently got 
a new CT-scanner, which is used for research and third party work. Karl 
Heinz Wolff wrote about all the ins and outs we should know about the 
new scanner. 

What would a Natural Resource be without articles about Bachelor and 
Master theses. For this edition Robert Heins wrote an article on his Mas-
ter thesis about the effect of oil saturation on foam stability, which is 
tested using the wave curve method. We also have a Bachelor thesis, 

which is written by Renske Taylor. She went to Sweden to investigate 
the potential of semi-automated 2-boom underground face drilling. 
For the readers who want to extend their holidays, three articles can 
be read about exciting study associated trips. Henneke de Vries, Daan 
Thomassen and Steven Busch take you with them on their trip to Sin-
gapore and Malaysia, where they visited companies. DAP organized a 
geothermal excursion to Soultz-sous-Forêts, Alsace, which was also fo-
cused on company visits. Twan Goense and Rogier Crooijmans wrote a 
nice summary of this excursion. 

After reading the many articles about trips and internships abroad we 
can understand that most of you cannot wait to take such an oppor-
tunity yourself. Therefore Marc Latour wrote an article about AIESEC. 
A student-run organization that strives to deliver international experi-
ences for students. 

Unfortunately we did not get any response on the Webber puzzle of last 
edition. A new Natural Resource means a new Webber puzzle, so try to 
solve it and maybe you will earn the coveted crate of beer!

On behalf of the editorial staff I want to thank all contributors for their 
articles and photographs.

Enjoy reading our first Natural Resource of 2016! 

Glück auf!

Caroline Zaal
Chief Editor 

Dear members and other readers, 

Before the 124th board  could even wink their eyes it was already Christ-
mas Holiday.  We had the feeling that we just started the year but the 
first four months have passed in a flash and we can say that we are a 
little bit used to our positions now. 

During the vacation, a group of miners travelled  to the French moun-
tains for winter sport. Even the fact that only one ski lift out of 53 was 
open because of the absence of snow couldn’t spoil the fun.  In the 
search of snow, they went to another area on New Year’s Day.  The only 
disadvantage was the bus they had to take on 7:00 A.M. after the cel-
ebration the night  before. 

To stay in the icy atmosphere, the new study trip we would want to 
organize as Mijnbouwkundige Vereeniging for the elderly Bachelor stu-
dent is going to happen. With great help from the committee for the 
trip we are going to Stavanger, Norway in the end of February.  In four 

days, we will visit several companies and have and alumni event. The 
alumni will tell their live story and talk, eat and drink with the students. 
After the trip we hope that all the students are full of inspiration for 
their search of a master track and have the motivation to finish their 
bachelor quick. 

If the lack snow was only a matter of bad luck or it maybe has some-
thing to do with climate change  can you read in this edition. Two side 
of this topic will be highlighted . More interesting articles are also wait-
ing for you, because the Natural Resource Committee has done a mar-
vellous job for the second time. On behalf of the 124th board we wish 
you the best wishes for 2016 and enjoy reading! 

 I would like to conclude with a firm and harmonious, 

Glück Auf!
Floor Crispijn  
President Mijnbouwkundige Vereeniging
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News

January 4, 2016
Study finds ‘frictional heat’ as a new trigger 
for explosive volcanic eruptions
Temperature may be more important than 
pressure in generating gas bubbles which trig-
ger explosive volcanic eruptions, a new study 
into magma ascent has found. The study, which 
combines field observation, interpretation of 
monitored data and controlled laboratory ex-
periments, provides a strong argument for the 
integration of temperature as a key variable in 
volcanic eruptions models. ‘’The fundamental 
nature of this thermal process will very likely 
find other important applications in earth sci-
ences as well as in engineering in the years to 
come, ‘’ said Professor Yan Lavallée from the 
University of Liverpool. 

http://www.sciencedaily.com/releas-
es/2016/01/160104130650.htm 

Applications for the European Mining 
Course is open!
The applications for the two-year Joint Master 
European Mining Minerals and Environmen-
tal Program (EMMEP) track European Mining 
Course (EMC) will be open until 1 March 2016. 
The program is offered by in total three of 
Europe’s leading universities in resource engi-
neering: Aalto University, RWTH Aachen Uni-
versity and TU Delft. The program builds on 
the strengths and the complementary exper-
tise in earth sciences of these three universi-
ties. It offers you a combination of study and 
research, leading to an outstanding qualifica-
tion in mining engineering. The organization 
and co-ordination of the program is carried 
out by TU Delft.
 
The EMC is open to all students from all over 
the world, which leads to a diverse internation-
al group of students. TU Delft students with a 
relevant academic background will be admit-
ted directly. More information on courses and 
application procedure, please see http://www.
emmep.org. For more details and questions 
please contact Ms. Qing-yi Fan (info@emmep.
org).  
Next to the EMC, students can choose for the 
new in-house program in Resource engineer-
ing. Please note that the application for the 
in-house program differs from the EMC. Follow 
the flow chart for more information. 

the biggest net short position since at least 
7 years, when the Commodity Futures Trad-
ing Commission first began tracking data, 
exceeding the previous record hit mid-De-
cember when gold dipped to its lowest in 
nearly six years at just above $1,050 an ounce 
following the Fed announcement.

http://www.mining.com/new-year-gold-price-surprise-for-
hedge-funds/ 

December 30, 2015
China won’t approve new coal mines until 
2019
The world’s largest coal consumer, China, 
has decided to halt new coal mines approval 
for the next three years while continuing to 
output at existing mines, in a new effort to 
shrink coal oversupply and a worsening pol-
lution crisis. Beijing will shut more than 1,000 
coal mines next year, taking out 60 million 
metric tons of unneeded capacity. The gov-
ernment has also readjusted its targeted en-
ergy mix for 2016, where non-fossil fuels will 
provide up 13.2% of the country’s energy. For 
the next five years, the Chinese government 
also aims to add 20 million kilowatts of in-
stalled wind power and more than 15 million 
kilowatts of installed photovoltaic power.  

http://www.mining.com/china-wont-approve-new-coal-
mines-until-2019/ 

December 17, 2015
Patchy weather in the center of Earth
The discovery of the regional variations in 
the core-mantle boundry - (where the lower 
mantle meets the outer core) - which are up 
to three times greater than expected, will 
help scientists explain the structure of the 
Earth and how it formed. Variations in tem-
peratures and other material properties af-
fect the speed at which waves travel trough 
Earth. Thermal variations also have profound 
implications for the geodynamo in the core, 
which creates Earth’s magnetic field.  
 
http://www.sciencedaily.com/releas-
es/2015/12/151217081432.htm 

December 3, 2015
Long term effect of natural gas leakage 
discovered
As natural gas production increases in the 
United States, new research from the Univer-
sity of Colorado Denver shows that natural 
gas production can have a similar impact on 
climate change as coal if the gas is allowed to 
leak while drilling. 
Associate Professor David Mays said, ‘’ A large 
fraction of greenhouse gas emissions come 
from electrical generating plants, which are 
fueled by coal. Natural gas has potential to 
produce electricity with about half the green-
house gas emission of coal.’’ Recent advances 
in fracking and drilling have increased natu-
ral gas production. Between 70-90 percent of 
natural gas is methane, a potent greenhouse 
gas. The research examined the rate of natural 
gas leakage using current production meth-
ods and found that the total greenhouse gas 
footprint of natural gas is equivalent to that 
of coal when it comes to generating electric-
ity. However, if there is no gas leakage during 
drilling, electricity generated from natural gas 
has about half the greenhouse gas footprint 
as electricity made from coal. ‘’ This study is 
important because it shows that controlling 
natural gas leakage is crucial at every step of 
the supply chain, …’’ Mays said. 
 
http://www.sciencedaily.com/releas-
es/2015/12/151203081804.htm 

January 4, 2016
New year gold price surprise for hedge 
funds
On Monday January 4. 2016 on the Comex 
market in New York, gold futures with Febru-
ary delivery dates jumped higher on the back 
safe haven buying amid a global stock market 
rout and worries about the escalating tensions 
in the Middle East. In afternoon trade gold was 
exchanging hands for $1,074.20 an ounce, up 
$13.90 or 1.3% compared to Thursday’s close. 
The anticipation that the US Federal Reserve 
will raise rates from near zero where they have 
been since December 2008, prompting large 
futures speculators or ‘’managed money’’ in-
vestors such as hedge funds to dramatically 
raise bearish bets on the metal, dumping more 
than 150,000 lots or the equivalent of some 
425 tonnes of gold since November 2015. It is 
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simple but also very useful method. Original-
ly only research was done for the sections of 
Petroleum Engineering, Geology  and for the 
large CO2- coal research programs. After a 
few years also sample visualization for other 
research, i.e. volumetrics, density definitions, 
fracture density and shape configuration, im-
age analysis, etc., started. In 2007 the scanner 
moved to the new laboratories in the Geosci-
ence and Engineering building; it was a ma-
jor improvement! The CTS was placed at the 
same floor as and next to the reservoir engi-
neering research facilities. Parallel organized 
long term experiments combined with pro-
cess-imaging were now feasible. Moreover, 
closed systems were scanned under P,V,T-
conditions in set-ups and moved to the scan-
ner with much shorter close-in times. From 
2007 on, other sections, other departments 
and finally also industrial research projects 
came into view. This new work gave a boost 
to image handling, image quantification, in-
terpretation and verification of samples and 
experimental results.

options to validate models with experiments 
or to improve experiments after modelling. 

History of “macro” CTS facilities in the 
faculty.
Around 2002, Professor Zitha received a 
STW-grant to create a scanning environment 
for non-destructive rock analysis of porous 
media and related rock-fluid-gas interac-
tion phenomena.  The Dietz-laboratory was 
not suitable for implementation because of 
poor heating, poor power supply and the 
absence of an isolated area. Therefore, it was 
placed in the previous department housing 
at Mijnbouwstraat 120 in its own secured 
chamber with lead covered walls and plenty 
of space around the system to perform ex-
periments while scanning. The old scanner 
was a very robust refurbished Siemens CTS, 
which served us from 2003 on till 2015; at 
the end it was about 20 years old. In “those 
days” it was a novelty for time lapse multi-
phase flow experiments. However, carrying 
core-holders from one building to next one 
by closing in pressures and flow and trying 
to avoid shocks during transport, was a very 

What is a macro-CTS?
A CT-scanner or computerized axial tomog-
raphy scanner makes cross-sectional X-ray 
image slices to see the inside of an object. 
The scanner is able to quantify large objects 
on their shapes and densities and by that 
variations in spatial distributions. Examples 
are; large chunks of wood (knots), hard 
rock (ore distribution), porous cores (pore 
content), asphalt pavement (mortar/gravel 
distribution), drilling cuttings (size and den-
sity), core barrels (degree of recovery), etc. 
The maximum resolution in the XY-plane is 
about three hundred µm. The rendering in 
the Z-direction depends on the distance be-
tween each scan image with a minimum dis-
tance of 600 µm. Since density is visualized 
in grey-images, one can detect and quantify 
areas and rendered volumes of gas/liquid/
solid phase displacements in porous media, 
size and position of fractures and volume 
changes caused by stress (re) distribution. 
Even more, experimental set-ups are built 
in the scanner and through non-destructive 
analysis processes results are obtained dur-
ing long term experiments. It is one of the 

The laboratory of Geoscience and Engineering uses computer tomography (CT) for more than a decade for research education and 
third party work. Most of the work has been published in BSc-, MSc- and PhD-thesis of the Department. The two CT-scanners (CTS) that 
are available, operate for different purposes; for (bulk) density distribution (macro-CTS) and grain/pore framework and micro-density 
definition (micro-CTS). They are a part of the laboratory infrastructure regarding visualization and quantification of texture. In the Faculty 
of Civil Engineering and Geosciences  we strive for the maximum scale span for texture analysis; i.e. from sub-µm scale (SEM), through 
micro-scale (CTS and microscopy) and meso-scale (hand sized samples) to field scale (outcrops and geophysical methods) and finally 
remote sensing scale (m to km).

▲ Figure 1: The old scanner: Wormholes in chalk after acid treatment 
with various acids.

▲ Figure 2: Details of the previous type of visualizations, showing the 
coalification/wood densities and the fracture dimensions.

CT-scanners as part of the image quantification infrastructure By K.H. Wolf

NR2.indd   6 27-1-2016   8:28:40



7

tering and increased pseudo-densities at 
transitions from low to high density parts in 
an object). Another advantage is the more 
powerful processing software and hardware 
and higher scan speeds, which at least qua-
druples the amount of images per scan sec-
ond. This is a very big improvement for time-
lapse scanning experiments.

Renovations were impressive.  Within the 
month of June 2015 everything was rolled 
out. The old scanner was hoisted out of the 
building to be cannibalized.; the scanning 
room got extra secured against radiation 
with a new double thick lead wall; the old 
low quality power lines were replaced by 
over-dimensioned new power lines, cool-
ing systems and noise suppressors. In other 
words, many technicians were crawling on, 
between and below the first floor, ground 
floor and basement to get everything ar-
ranged in time. In the meantime, the new 
scanner was hoisted in.

The projected  result and follow-up.
The months July and August were used to 
get familiar with the system. The first scan 
of the new Dual-CTS was a royal scan of an 
antique pot of King William the first for the 
Palace ‘t Loo - foundation. 
The following scans taken were from objects 
provided by researchers by our external re-
search partners in industry.

Now, the faculty has a very innovative image 
production line for analysis and quantifica-
tion of materials by using an environmental 
electron microscope, polarization micro-
scopes, a micro-CTS, this macro-CTS and 
sophisticated visualization and quantifica-

and high reliability over so many years, we 
had to say goodbye to the old system. So it 
was decided to renovate the scanner infra-
structure, originally for the department of 
Geotechnology and Engineering, now for 
the faculty and in addition for  more research 
related third party work.

The new scanner.
What we need for research and education 
is quality improvement in the time-lapse 
scanning. In other words, higher speeds, 
more images per time unit and more multi-
purpose use of the system for all parties. The 
new CTS system is a Siemens Somatom Dual 
Beam, with two high power sources, two de-
tectors, a spatial resolution of 240 µm, fast 
rotation time (0.33 s) and a gantry circle di-
ameter of 780 mm. The first advantage is the 
presence of two sources, that can operate 
simultaneously at different intensities. These 
different power levels  may create improved 
combined images. One of the problems that 
can be by-passed is beam hardening (scat-

The net result.
In the many research programs of the de-
partment, mostly Post-docs, PhD-students 
and MSc-student used the system. The PhD-
thesis of Dr. Koen Elewaut was the first mile-
stone and the coming PhD-thesis of Ania 
Peksa will be the last one with “old” CTS-data. 
Estimates over the years show that about 
80 PhD students used the CTS facilities for a 
significant contribution to their thesis work. 
More than 130 MSc/BSc students used the 
CTS-facilities for their laboratory research.

Why  a new scanner?
Three years ago the CT-scanner maintenance  
contracts stopped and spare parts were dif-
ficult to obtain for both the scanner and the 
computer systems. Moreover, the scanning 
part of the system was an old (but very ro-
bust) analogue scanning system, which be-
came difficult to keep compatible with mod-
ern hardware and software; in other words, 
running costs were increasing dramatically. 
For these reasons, despite its good quality 

▲ Figure 6: Imaging the experimental results on the wood- part of 
brown coal, after a high temperature triaxial experiment.

▲ Figure 3: The old scanner is moved out. ▲ Figure 4: The new scanner is hoisted in. ▲ Figure 5: Installation in the renovated Scan-
room.
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tion software (Avizo™ “ volume graphics” and 
Leica™ Qwin). As a result, we have for years 
new tools for research opportunities in rocks, 
artificial rocks and biological specimens. It is 
an investment that pays itself back on PhD-, 
MSc-theses, reviewed articles and third party 
related activities.

The next requirement is to improve the rock-
fluid phase interaction at higher resolutions 
with, for example, sub-micro canning equip-
ment. 
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ovation of the CTS-infrastructure. 
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▲ Figure 7: The first scan with the new scanner: 
The pot from King William the First. The palace 
‘t Loo.

▲ Figure 8: Quality of oil drenched layered 
wood used in a transformer box

▲ Figure 11: Hidden macro-frac in chalk after 
an uni-axial stress experiment

▲ Figure 10: Density results regarding the 
quality of the composition of peat cores.

▲ Figure 9: Asphalt density measurement on 
pore/asphalt/rock/pore quality of road pave-
ment.
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To make sure that this occurs AIESEC uses student coaches to track ev-
ery exchange participant on their development and ensure a smooth 
exchange. 

The volunteer project is from 6 to 8 weeks and will give you the 
chance to work abroad and experience a new culture, which will as-
sist you in challenging and developing yourself. During this time you 
will be working on a project that will help the society in the country 
you are volunteering in. The three main themes of our projects are 
teaching, entrepreneurship, and awareness.
Our internships are exchanges for a period of 3 to 12 months that 
is focused on professional development in a country abroad. Most 
of the open positions of the internship program are in the following 
fields: marketing, business administration, teaching, and information 
technology. 

Board positions can be done as well so you can be become the person 
who facilitates these experiences to students from your city. There are 
part-time and full-time functions. The part-time functions are focused 
on operations and include marketing, student coaching, acquisition, 
or external relations. Full-time functions are focused on running the 
organization, implementing national strategy on a local level, and en-
suring all the members have an optimal experience. 

With these experiences we hope to develop the necessary qualities 
in students to make them the leaders of tomorrow. Not only do these 
experiences let you see another part of the world and help you gain 
valuable experience for later in life, they allow you to develop yourself 
on a personal level so that you can better understand your actions 
and characteristics. Sign up or come by the office today to start your 
AIESEC experience!

AIESEC provides three different types of experiences: volunteering 
projects, internships, and board positions. Both the volunteering 
projects and the internships are international experiences in a coun-
try abroad. Board positions can be done in the local boards in each 
student city in the Netherlands, Delft included. 

The experiences that we deliver are meant to be more than just some-
thing that you do next to your studies, they are relevant to your per-
sonal and professional development. Have you ever really thought 
about your strengths and weaknesses? Your future career will de-
pend not only on your knowledge of professional skills but also on 
your knowledge of yourself. AIESEC wants to deliver this realization to 
young people through its experiences. 

There are four qualities that AIESEC wants to develop in every person 
that chooses to go on one of our experiences. With these four quali-
ties, we believe that every person can become a leader in their own 
way. These qualities are Solution Oriented, Empowering Others, Self 
Aware, and World Citizen. Being able to approach a situation without 
looking at the problems but finding a solution is an important charac-
teristic for efficient work. Convincing others of your point of view and 
delegating work is necessary to gain trust among the people that you 
work with. Your strengths should be focused on and your weaknesses 
need to be improved, which can only be done if you are self-aware 
and acknowledging these qualities. Understanding world problems 
and taking steps towards making the world a better place, even if it 
is always recycling your trash helps people get one step closer to be-
ing a world citizen. Together these qualities form the foundation of 
a successful leader. With our leadership development model, these 
qualities will grow within every person that goes through an AIESEC 
experience. 

Teach children in Nepal after the devastating effects of the earthquake. Prepare and implement a marketing strategy for an NGO in Brazil. 
Volunteer and assist the local community of a city in Malaysia. 
These are just some of the experiences that AIESEC can offer you around the world. Located in 127 countries we are the largest student-
run organization in the world. We strive to deliver international experiences to the world’s youth so that they can develop themselves 
personally and professionally and become the leaders of tomorrow.

By Marc Lamour AIESEC
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ent to solar radiation, but not to the thermal 
radiation: they absorb part of it. And like the 
surface, also the atmosphere now starts to 
emit radiation – partly back to surface where 
it acts as an additional source of warming.  In 
addition, the Earth also responds via the ther-
modynamic processes of evaporation, con-
densation and convection: these processes 
redistribute the energy through the atmo-
sphere. The total effect of the atmosphere is 
big: it increases the mean temperature from 
-18, that we would have in the absence of the 
atmosphere, to +15 degrees Celsius. Conclu-
sion: we need greenhouse gases to keep the 
Earth at a comfortable temperature for us 
humans. But what happens if we add more 
greenhouse gases to the atmosphere? 

Logically speaking adding more greenhouse 
gases will lead to more absorption of thermal 
radiation in the atmosphere and less emis-
sion into space. The equilibrium of energy 

The energy balance of the Earth
Central to the climate system is the energy 
balance. The main external source of energy 
is the Sun. Solar radiation heats the Earth. In 
response the Earth also starts to radiate, and 
when the system is in thermal equilibrium 
the amounts of energy entering and leaving 
the Earth cancel each other. The atmosphere 
plays a crucial role in this process: Figure 1 il-
lustrates these energy flows.

Part of the incoming solar radiation is reflect-
ed by clouds, dust particles and the surface 
of the Earth. Another part is absorbed in the 
atmosphere, and what remains is absorbed 
by the surface. This now responds by warm-
ing up. As it warms up, it starts to emit ther-
mal radiation: the warmer it gets, the more it 
radiates. The thermal radiation has a different 
wavelength than solar radiation – and that’s 
where the greenhouse gases start to play 
their role. Greenhouses gases are transpar-

What is climate change?
Climate should not be confused with weath-
er. Many misunderstandings around climate 
change are due to confusing one with the 
other. Climate is defined as the ‘long-term 
statistics of weather’. The climate determines 
the long term mean temperature of a given 
day in the Summer, whereas the actual tem-
perature on, let’s say July 15 in a given year, 
is what we call the weather. Or put in terms 
of statistics: the climate is described by the 
long-term probability distributions of, for in-
stance, temperature, and the weather is one 
of its possible realizations. By international 
convention 30 years has been adopted as the 
integration base line for deriving these long-
term statistics.

This somewhat abstract definition can best 
be illustrated with a few examples. A single 
warm day in the Winter does not necessarily 
mean that climate has changed, but if this 
happens often enough to change the long-
term probability distribution function, then 
it has. Or, a single year with more rainstorms 
does not imply climate change, but if this 
happens over a longer time, than it does. In 
short: when we speak of climate change, we 
refer to changes of the long-term probability 
distribution functions of the weather.

Strictly speaking, climate change only refers 
to changing weather patterns, but, of course, 
the consequences are much larger than that. 
Higher temperatures will induce ice melt and 
lead to sea level rise, changing rainfall pat-
terns will affect food production and water 
supplies, heat will change ecosystems – and 
all this will affect the weather again. And 
since these are all crucial for the safety and 
sustainability of the global society, also social 
systems can be affected by climate change.

The climate is changing. That is a fact. How much the future change will be, however, is less of a fact. That will depend on the future 
consumption of fossil energy – which in turn depends on the socio-economic developments of the world in the decades to come. How 
much will the world population grow, and to which standard of living? How fast will the world society decarbonize itself? How sensitive 
is the climate system to human activities? Addressing these questions is crucial for developing an understanding of where the world may 
be going to. 
At the 2015 climate conference in Paris the world leaders agreed to take necessary action to limit the global mean temperature increase 
to less than 2 degrees relative to pre-industrial times. By doing this they accepted the state-of-the-art of climate science, as described in 
the reports of the Intergovernmental Panel on Climate Change (IPCC).  In this paper I will focus on the state-of-the-art.

By Prof. H. RusschenbergAnthropogenic climate change: The impact of fossil fuel

▲ Figure 1: Energy flows in the climate system. Numbers are in W/m2, the numbers between 
brackets denote the variability. [Source: IPCC Report AR5 Climate Change 2013: The Physical Science 
Basis, Chapter 2, http://www.ipcc.ch/report/ar5/wg1/] 
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energy needs. The burning of fossil energy 
sources increases the amount of carbon-
dioxide in the atmosphere, and strengthens 
the greenhouse effect. Carbon-dioxide has 
a very long lifetime. On average it stays in 
the climate system for 100 to 150 years, and 
accumulates there. In the last 800.000 years 
the concentration of carbon dioxide varied 
between 200 and 300 parts per million, but 
since the beginning of industrial times it has 
increased to 400 ppm today. Never before 
such a fast and substantial change occurred. 
Carbon-dioxide is not the only greenhouse 
gas – methane, for instance, produced by 
agriculture, is also a strong one, but the life-
time is shorter. Water vapor is an even stron-
ger greenhouse gas, but not regarded as a 
cause of climate change: in a warmer Earth 
more water will evaporate and the green-
house effect due to this extra water vapor 
will strengthen the warming even more.

Forcers and feedbacks
The climate system is basically determined 
by the balance of incoming and outgoing 
radiation and the distribution of energy over 
the globe. Climate change refers to a distur-
bance of this balance, until a new equilib-
rium has been reached. To separate cause 
and effect it is important to distinguish so-
called forcers from feedbacks. Forcers are 
external factors that influence the energy 
balance, like the Sun itself, or variations of 
the Earth’s orbit around the Sun, and also 
fossil carbon-dioxide that, after having been 
stored for millions of years, is released into 
the atmosphere in is reasonably short period 
of time. When the forcers are due to human 
activities, we refer to them as anthropogenic. 
Apart from carbon-dioxide and other gases, 
also aerosols (tiny dust particles in the atmo-
sphere that reflect and absorb radiation) are 
regarded as forcers. Feedbacks are factors in 
the climate system that respond to forcers, 
and in return amplify or dampen the effect of 
a forcer. The earlier described effect of water 
vapor is an example of a positive feedback: it 
amplifies the effect of the forcer CO2. Other 
feedback examples are ice melt – where a 
white, reflecting ice surface is replaced by 
dark, absorbing water surface – or the effect 
of clouds. Effectively clouds cool the Earth by 
some 10 degrees because they reflect solar 
radiation, but in a changing climate the glob-
al cloud cover might also change. Although 

and other instruments to carefully perform 
these measurements. And these measure-
ments have to be done over long periods. 
Figure 2 shows a few examples.

These observations clearly show that the 
positive trends in greenhouse gas concentra-
tions coincide with similar trends of climate 
variables – as is to be expected. It is also clear 
that the major contribution to the increase of 
anthropogenic carbon dioxide comes from 
fossil fuel. Of course, regional and temporal 
phenomena like El Nino or volcano eruptions 
superimpose variability on the mean trend. 
That’s exactly the reason why climate is stud-
ied by looking at the statistics over long peri-
ods: to reveal the underlying trends.

Emission of greenhouse gases
Fossil energy sources, like coal or oil, were 
stored in Earth’s interior for millions of years 
and were not part of the climate system. 
Since the Industrial Revolution people have 
been exploiting these fossil sources for their 

flows in and out of the system is disturbed 
then. The balance can only be restored when 
the Earth emits more radiation by warming 
up. This is the stage the Earth is currently in. 
The increase of carbon-dioxide since pre-
industrial times has led to an imbalance of 
energy flows, and in response the Earth is 
warming.

Observations of climate change
Climate change manifests itself in many 
ways. The global mean temperature is slowly 
increasing, the sea level is rising, globally 
glaciers are retreating, land and sea ice is 
decreasing, and the ocean heat content is 
steadily increasing. Furthermore, satellite 
observations show a decrease of thermal 
radiation leaving the Earth, and balloon 
measurements show a cooling trend in the 
stratosphere – a logical consequence of heat 
‘trapped’  in the troposphere below. Obser-
vations of these phenomena are not easy to 
obtain. We need a global observation net-
work of satellites, weather stations, buoys 

▲ Figure 2: Historical time 
records of the global mean tem-
perature anomaly (deviation 
from the mean temperature of 
the reference period 1986-2005), 
sea level rise, and concentration 
of greenhouse gases. Panel d 
shows the contribution of hu-
man activities to CO2 emissions. 
[source:  Climate Change 2014 
Synthesis Report, Fifth Assess-
ment Report, http://ar5-syr.ipcc.
ch/ ]
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a huge challenge for the world community, 
and requires a multi-disciplinary approach of 
scientists and engineers. Not only from the 
physical and technical angle, but also social 
sciences need to be involved.

Climate science will enter a new era. Since the 
core of understanding the Earths energy bal-
ance is settled- the emission of greenhouse 
gases leads to global warming -  the focus 
will now shift to studying regional climate 
change. What does climate change mean for 
specific countries, regions, delta’s and even 
cities? After all, the impact of climate change 
is experienced at such scales. This will require 
the development of finer regional climate 
models and high-resolution observation net-
works for monitoring climate change and its 
consequences. Furthermore, we will need ef-
fective adaptation and mitigation technolo-
gies. It is inevitable that technical universities 
play a central role here.

The 2015 climate conference in Paris set the 
goal: limit the warming to two degrees. It is 
up to the scientists and engineers to provide 
the technology and knowledge to make this 
happen.

Literature
There is a wealth of literature on climate 
studies. Every 5-7 years the IPCC publishes 
the state-of-the-art of climate science in As-
sessment Reports. They give a synthesized 
overview of the literature, and serve as back-
ground material for the policy makers. The 
latest reports are freely available at http://
www.climatechange2013.org/.

imbalance of 2.6 W/m2 in 2100. In RCP8.5 the 
emission continues to increase, leading to an 
imbalance of 8.5 W/m2. The figure shows the 
expected mean temperature rise – averaged 
over different climate models. Calculations 
like these are useful in developing policies to 
limit global warming: if we want to stay be-
low two degrees of warming, we should take 
actions to follow RCP4.5 or less– allowing 
for some increase of greenhouse gases until 
2040 but inevitably this has to be followed by 
a decline.

Climate models are very important for de-
vising global climate policies. So, how good 
are they? For this it is best to confront the 
predictions with actual observations, as has 
been done in many studies: most models 
were able to reproduce the mean tempera-
tures over many decades. Are the models 
perfect? No. Most notably the representation 
of physical phenomena of small spatial and 
temporal scales needs to be improved – as 
for instance the role of clouds and aerosols – 
or medium-term cyclic phenomena as global 
ocean currents.

Outlook
The climate is changing due to human ac-
tivities. So much is sure. The global warming 
of the last decades cannot be understood 
without taking the increased concentration 
greenhouse gases into account. A reduction 
of fossil energy consumption – possibly even 
down to zero - is therefore inevitable. This is 

clouds still form one of the main uncertain-
ties in our understanding of climate change, 
current estimates favor an increased prob-
ability of less cooling by clouds: a positive 
feedback.

Climate models
Observational data are only part of the cli-
mate puzzle. To understand the climate sys-
tem and the processes in it, we need to de-
velop models. And also to make estimates 
of future climate change we need models. 
These climate models are very complex by 
nature. They describe the interactions be-
tween radiation, global circulation patterns 
in the atmosphere and oceans, the hydro- 
and cryosphere, the geo- and biosphere - 
spanning a huge range of spatial and tempo-
ral scales: from global to local and from many 
decades to days or hours. Developing such 
models is a major challenge, and can only be 
achieved in an international context.

Climate models are used to estimate future 
climate change. Using different scenarios 
of possible future emissions of greenhouse 
gases, the temperature change is calculated. 
Figure 3 shows the outcome.

The calculations are based on Representative 
Concentration Pathways (RCP): the change of 
carbon dioxide in the atmosphere due to dif-
ferent emission policies. RCP2.6 is the scenar-
io in which the emission of greenhouse gas-
es decreases after 2020, leading to radiation 

▲ Figure 3: Future projection of  the global mean temperature anomaly (deviation from the mean 
temperature of a reference period) for different scenarios of future of carbon dioxide concentrations. 
. [source:  Climate Change 2014 Synthesis Report, Fifth Assessment Report, http://ar5-syr.ipcc.ch/ ]
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How is the present situation? 

Simplest is to show what happened to those 
forecasts of  doom.       
                                        
Example 1. The Nasa graph (Figure 1) gives 
the temperature rise since 1880:  cooling till 
1910, a rise  till 1945, a flat interval till 1975, 
followed by a rise till 1998 and thereafter a 
flat interval again. The rise since 1975 is con-
tributed to the increase in CO2; but CO2 can’t 
give an explanation for the period 1910-1945 
when industrial development was small. This 
flat interval (Figure 2), without a tempera-
ture increase since the El Nino of 1998  is a 
problem, in particular if one realizes that the 
cumulative emission during those 18 years 
is  122 GtC , (GtC stands for Giga tons of Car-
bon), while the cumulative emission emitted 
by the industry since 1870  is 400 +/- 20 GtC. 
With other words, about one third of all the 
Carbon emitted  was released in just 18 years, 
without a temperature increase since 1998, 
which is really remarkable!!!, to say the least 
and something for the alarmists to explain!

which the one in Kyoto, Japan, was the most 
important one. The Kyoto conference was at 
the brink of failure, when Al Gore managed 
to get the delegates to accept a compro-
mise, which obliged the industrial countries 
to considerably reduce their CO2 output by 
2010 and 2012. Both, China and India, were 
considered developing countries and there-
for  exempted from the obliged CO2 reduc-
tions. The poor countries, some 85% of the 
affiliated countries, wanted compensation 
for their damages. In the end it was decided 
that this could be arranged by a system of 
emission rights, also issued to the poor coun-
tries; if not used the poor countries could sell 
these emission rights.  In fact from the Kyoto 
conference onwards the CO2 issue became 
a political game between two major groups, 
a political “leftish”group, which included the 
democrats (USA), the Socialist party (UK), die 
Grünen (D) called the “alarmists” and a politi-
cal rightish group called the “deniers”, which 
included republicans (USA), Conservatives 
(UK). This split has remained ever since.

The conclusions and results were clear: CO2 
content increases, traps more IR radiation 
and the atmosphere, like we see around us, 
heats up. Why does CO2 increase? Because of 
us, human beings, who burn coal, oil and gas. 
If this should not stop “NOW”,  (this was some 
20 years ago!!) then mankind would be in 
great trouble: melting glaciers, rising sea lev-
els, countries and islands inundated,  more 
snow storms, more heatwaves with more 
elderly dying, more bush fires, more hur-
ricanes and more forceful, changing ocean 
currents, warmer oceans, souring oceans. 
In a nutshell:  “misery, lots of  misery for the 
world”. The masses got scared, the bear was 
loose! But where there is scare, there are 
politicians who see it as a good opportunity 
to manifest themselves, NGO’s  popped up, 
political parties appeared, parliaments got 
involved  and naturally in the end also the 
United Nations, which in 1988  founded the 
Intergovernmental Panel on Climate Change 
(IPCC), which had to monitor climate change 
and decide about what could  be done to 
prevent this climate change. Since 1995, 21 
Climate Change Conferences were held, of 

By Prof. J.F. HoltropClimate Change: A different view

It all started in the seventies, when people got more and more concerned about what happened to our Planet Earth. They worried about 
environment,  natural resources,  rising CO2 content in the atmosphere and the global temperature increase. The last two observations 
were in particular important as scientists assumed a causal relation between the two. They assumed that the Earth naturally maintains 
a constant average temperature, which is only possible when the incoming heat equals the outgoing heat (IR radiation). A few hundred 
years earlier scientists had  discovered that in the atmosphere not all gases are transparent and that water vapor and  carbon dioxide 
are gases that absorb IR radiation, the so-called greenhouse gases, as they trap IR, which can’t escape to the atmosphere anymore and 
therefore the lower part of the atmosphere should heat up. On top of this they re-discovered an article by a Swede, called Arrhenius (a 2 
times  Nobel Prize laureate)  who calculated that with a doubling of the CO2 content, the temperature could in certain regions of the Earth 
increase with up to 6 degrees C.

▲   Figure 1: Temperature Anomaly ▲   Figure 2: No global warming
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Example 2. Sea level rise (Figure 3) would 
cause disasters with coastal cities disappear-
ing into the sea and islands being inundated.   
If one looks at the measured data it shows a 
rather stable increase until 1950, with there-
after still an increase but with some down-
ward trends around 1950, 1960 and 1984; 
from 1992 onwards there are two trends, 
the trend based on tide gauges and a trend 
based on satellite measurements. If a city is 
sinking rapidly, like Jakarta, then usually it is 
not caused by a rising sea level, but by too 
much groundwater depletion.

Example 3. Really alarming is the poor qual-
ity of  the climate models (Figure 4). It is what 
one calls “garbage in, garbage out”. Easiest  
solution is to manipulate  the measured data  
and call it homogenizing .

Example  4.  Future cyclones would in-
crease in number and increase in strength, 
and  alarmists referred to the  cyclones that 
landed near New Orleans and New York.  Peo-
ple with a bit of sense knew that this could 
happen and indeed  it did  happen. But, if 
the cities had taken precautions like we do 
and did in The Netherlands, the damage 
would have been much, much, less. Dr. Ryan 
Maue calculated the Accumulated Cyclone 
Energy (ACE) for  each cyclone and tropical 
storm since 1971, but didn’t find a trend that 
showed more cyclones, nor an increase in 
their strength.

Example 5. Antarctic sea ice and Arctic sea 
ice are melting. For the Antarctica this is 
certainly not true, the surface with sea ice 
increases; although Mr. Obama with his pas-
sion to reduce CO2 content mentioned in 
one of his speeches on climate change that 
the Western part of the Antarctica was melt-
ing. He was right; the cause was not global 
warming, but a rift in the ocean floor which 
caused the warming (Figure 5).

Example 6.  An other interesting remark he 
made about climate 
change was that drought and crop failures, 
coupled with high food prices contributed 
to the unrest in Syria with a civil war as the 
result. Extending his phantasy one could say 
that the present  flow of refugees into Europe 
is the result of climate change. Movements of 
masses of refugees happened already in the 
Old Testament.

▲ Figure 3: Global Average Absolute Sea Level  Change 

▲ Figure 4: Climate models compared with real measured data.

▲ Figure 5: Antarctic warming due to volcanic activity

By Prof. J.F. Holtrop
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What next with the Climate Change Ob-
session?  

It is a political issue, which not only pene-
trated the political top (Mr. Obama), but also 
the  religious top (the Pope), which made 
both of them buddies, both  with a passion 
for “climate change “.  For Mr. Obama the 
climate problem is a key pillar of American 
global leadership. They can be happy. Cli-
mate change will continue as it did billions 
of years. However, despite the largest CO2 
emission ever over an eighteen year period 
in  our industrial history, it did not cause an 
increase in the global temperature. Anthro-
pogenic Global Warming, which was sup-
posed to change the climate and bring doom 
and misery is proven by nature herself to be a 
fairy-tale; very sad for the alarmists with their 
climate change obsession.  

A real issue still is, how to transfer money 
from the rich northern countries to the poor 
southern countries. A simple way out: the 
industrialized countries emit CO2  and this 
CO2 is a pollutant by axiom, like 2000 years 

ago the axiom was: the earth is flat.  Further-
more alarmists and others are of the opinion 
that  the polluter has to pay for the damages 
caused. Add the two together and the con-
clusion is: the industrialized countries have to 
pay a fine for the CO2 they emit.

In  Kyoto a solution was found for this  mon-
ey-transfer by introducing a system of  emis-
sion rights, allowing each country a num-
ber of emission rights, which it then can 
distribute among its industries, giving each 
industry the right to pollute up to a prede-
termined level. If  the industry pollutes more 
then for which it has the  rights, then it has 
to buy the rights from some other industry, 
which has a surplus in unused rights. Each 
country gets a number of rights for its in-
dustry, even if that country has no industry 
(the poor countries) and each country is al-
lowed to sell the unused  rights. The idea is 
that all this will be managed by the U.N. The 
system was unsuccessfully tried out  with an 
Emission Exchange in Europe and  the USA. 
A few problems:  first, two of the three main 
polluters (China with  23,4 %  and India with 

7,4  % of the global CO2 emission) are ex-
empted, being “developing” countries; so are 
other developing countries, which is consid-
ered unfair; second the Gulf States in the M.E. 
with their state oil/gas companies have to 
pay, but refused to sign the agreement, like 
Russia. The only countries dutifully paying 
are Europe, USA, Australia and a few others. 
Mr. Obama wants the non-existing Climate 
Problem solved and reduce the CO2 emission 
world wide more quickly. If he really means 
this, then the only option he has is a Nuclear 
Energy deal with Japan, China and India and 
quickly build nuclear power stations. But, 
that will be a U-turn, at the expense of the 
CO2  emission certificates. 
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Name:  Julian van Dingen
Age:  23
Year:  4th year AES student
Board Function: Treasurer

How has this year been so far?

The hungover mornings are pretty bad, 
but on the other hand we had a legendary 
Christmas drink. An amazing DJ-set from air-
port dancing Rotterdam was part of it. As we 
already had expected from earlier years, it 
was pretty busy and extremely fun.

One thing I have learned already is that al-
most everything takes more time than you 
initially think it will take. Especially the Christ-
mas and graduation drinks are very time con-
suming.

As treasurer of the board I am responsible for 
all things that have to do with money. I have 
already learned a lot about how to deal with 
money, which is also very helpful for when I 
have finished my year as treasurer. 

I especially like spending money. The art of 
the game is that you have to look chaotic, 
that way you can get some money on private 
bank accounts on the Cayman Islands ;).

What kind of fruit would each board 
member be?

Max probably represent a kiwi. Not only 
because his hair perfectly represents a kiwi 
now, it is also a very fun fruit. Max easily falls 
asleep at the bar, but after he has finished 

is making it easier to use incasso and to actu-
ally use it more for payments.

One thing we would still like to reach is get-
ting the royal predicate as this is a good title 
when in contact with companies. Of course 
it would also be nice to get our own MV-van.

What have you learned from your youth?

I always fought a lot with my three older sis-
ters, which has resulted in the fact that I’m 
pretty good in handling women. I have also 
learned how to handle difficult situations 
(mostly caused by women ;)). Furthermore, I 
think I was a good boy and of course I already 
knew how to deal with money. I also had a 
big piggy bank and made good deals when 
selling my marbles. 

Describe your favourite soil type in 124 
words.

My favourite soil type is clay. It seems bor-
ing, but it is everywhere in the Netherlands. 
I come from Groningen which is basically 
completely filled with clay. As a soil it is dif-
ficult to build on and therefore a real chal-
lenge. I like taking on challenges. Clay is also 
bad in petroleum engineering, but in real 
life you also need to get through the bad 
stuff. I loved playing with clay as a child. I 
once made a fantastic animal, it looked like 
a vampire. However it did not have arms, so 
it also kind of looked like a chicken nugget. I 
painted the whole thing to make sure it rep-
resented some kind of monster. My parents 
still have it stored in a cupboard.

his nap he can party all night long. He also 
loves ‘hitjes’, he always starts his music hour 
with: “Mister World Wide checking in for the 
remix”. As warden of ‘Het Noorden’ he also 
does like the taste of his beers and jenever.

Coco can best be described as a pineapple, 
she is hard on the outside but very sweet 
on the inside. She is a very straight forward 
person and therefore also the one who tells 
me when I’m late. Her desk is always one 
big mess, I’m not really sure how she is even 
able to work on it, which is a thing she is very 
good at. One last thing I would like to say to 
her is that work is not always the most im-
portant thing, you also need to have fun and 
enjoy life.

Jasper is the happy person from Brabant. He 
is a very exotic person, which is very logical 
as he is from the southern part of our coun-
try. Therefore he also represents an exotic 
fruit, a banana (one thing I would like to add 
is that the only fruit that I eat are candy ba-
nanas). This is also a pretty laid back fruit. 
When you want Jasper to do something 
for you, you have to ask him multiple times 
before he will do it for you (and not forget 
it again). He is also a very flirty person and 
loves dating girls. 

Floor is an all-rounder, also lots of people 
know her. Therefore an apple seems to be 
a good match. One thing I like very much 
about Floor is that she always wants to know 
if everyone is doing okay. She is very popular 
with the men at our faculty, especially ‘the 
Häckel Club’. She also uses her charms to get 
lots of new sponsors for the MV.

Which goals have you reached so far and 
which goals do you still want to reach?

First, a few goals we have reached already: 
A good new beer contract, new sponsors 
(mainly due to Floor), a nice excursion (props 
to Jasper) and a fun Master and PhD student 
activity (ice skating).

We are also planning a bachelor trip for older 
bachelor students, we have made a team for 
the ‘Ringvaart’ and we are trying to get the 
MV logo cleaned up as well as getting a com-
mon ‘MV-style’ for presentations, posters, 
paper etcetera. A goal I still have for myself 

Board Highlighted
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By Henneke de Vries and Tom Postma

On the 28th of September the Petrobowl finals took place in Houston, as part of the SPE ATCE 2015. The Petrobowl is a knowledge quiz 
for student teams from oil and gas related studies all over the world. Questions are technical, historical and general, but all related to 
oil and gas. “Who is the CEO of Gazprom?”, “What is a dog house?” and “When was the largest offshore oil field in the world discovered?” 
are the kind of questions you can expect. The competition is a knock out game. Two teams are playing each other, listening carefully two 
the question and buzzing in as fast as possible if they know the answer. Each correctly answered question means +10 points and a bonus 
question, wrongly answered questions lead to 5 points subtraction. When you buzz in, you answer individually and for the bonus points 
you can discuss. You have to be really fast and really sure, so a quite nerve racking game! If you want see some action, you can search 
“Petrobowl” on Youtube.

PetroBowl

▲   Figure 1: From left to right: Tom Postma, Matteo Cusini, Henneke de 
Vries and Jelmer Schut

After winning the European qualifier in Londen earlier this year, the 
Student Chapter Delft team got a direct qualification for the finals 
and a fully sponsored trip from SPE International. Two members of 
the team, Tom Postma and Henneke de Vries, already participated in 
the London qualifiers. Two other members, Matteo Cusini and Jelmer 
Schut, brought new enthusiasm and knowledge to the table. 

In total 36 teams from all over the world participated. The first team 
we were up against was from University Sedaya International in Ma-
laysia. In this very short first game, with few questions, it was quite 
nerve racking. However, we won and we were up against the more 
familiar Heriot-Watt University from Dubai. After warming up a little 
bit, our preparations paid off and we were through. From this point 
onwards, games were longer with more questions. Now in the elite 
8, we dared to think about making the top 3 for the first time in this 
traditionally American-dominated competition. 

Our next opponents were from University of Santander, Colombia. 
With the nerves increasing, the nails getting shorter and the jokes 
getting worse, we were all ready for this. Being far away from home, 
we had a great one person fan club: Frances van Klaveren, who we 
met during the London qualifiers. However, right before the game the 
quizmaster wished us luck, telling us that he had bet on us to win! 
Well, we stayed in our competition and the quizmaster in his, as we 
went through to the next round: clawing our way back from being 50 
points behind in the last three minutes. 

For the top 4 games, the audience got twice as big as the rooms were 
put together. Stakes were high and the cheering was alike, with a 
great ambiance in the room. As expected, UT Austin played a great 
game, knowing facts we have to admit we never thought about. We 
were beaten but the third place was still in sight. A thrilling game 
against Lafayette University from LA, in which we were far behind but 
came back like the Germans do in soccer, resulted in a third place for 
Delft University. This meant our studying and practicing were award-
ed with a 4000 USD check for our team! This had to be celebrated 
by a dinner with UT Austin, who won the second place. Later in the 
evening, all teams got together at a party in Midtown. 

Of course participating in the competition was great fun. It was a re-
markable edition, as it had the first non-American winner in the his-
tory of the Petrobowl: Universidad National de Mexico. Also, it was 
the the first top 3 qualification for a European team (us!).  
In the months before the Petrobowl, we had many practice sessions. It 
was a lot of fun getting to know each other during these sessions and 
going to Houston together. Apart from correctly answering as many 
petroleum-industry related questions during the Petrobowl, we also 
tried to get the best of Houston in one and a half day. We discovered 
the best of Texas food (BBQ!), went to the NASA Space Center and 
shot some guns at the shooting range. It was really a great chance to 
participate and we enjoyed it a lot. Let’s go for another unique edition 
next year, with a Dutch team winning the Petrobowl! 
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could get boring in the small villages and 
the whole town would be sleeping at 11 pm. 
This would turn out differently… By Satur-
day afternoon we had finished the fields in 
the west of Spain and headed for Madrid to 
spend our day off. 

On Monday, we drove to Illana, just east of 
Madrid, where the test-field of the project 
was located. The measurements on this 
field had to be performed very neat and in 
a fine grid in order to validate our data. In 
the evening we stayed in this very small vil-
lage. Trying to fall asleep around midnight, 
we suddenly heard loud music playing. This 
was continuing non-stop, until at three in the 
morning I decided to have a look. A huge fes-
tival, El Toro festival, was going on that lasted 
until seven in the morning.

During the rest of the week, the fields in Gua-
dalajara and Brihuega were measured. Some 
were even too stony to perform the survey as 
the sledge probably wouldn’t survive. Others 
were flat and the measurements went very 
smooth.  On one field, we were constantly 
under attack by the many mosquitoes pres-
ent. Here the agronomist came to have a 
chat with us and as he already knew Fenny 
from three years ago, invited us for some 
tapas later on. It was a good thing Fenny 
spoke Spanish as my Spanish limits to only 
a few words. The following Monday morning 
we were going to have a project meeting at 
the Universidad Polytécnica de Madrid with 

processing of the data. Together with one co-
worker, Fenny van Egmond, we would drive 
with the equipment to Spain and perform all 
the surveys. 

By that time I was in Zürich, hence I met Ron-
ald and Fenny by Skype and all was arranged 
for the summer.  In August 2015, I set off to 
Groningen. Before leaving for Spain, the 
(4x4) car needed to be packed and all equip-
ment had to be tested. The GPR was placed in 
a sledge behind the car, GPS on the rooftop 
and the GRS was mounted at the front of the 
car. These were connected to a small com-
puter to save and monitor the data. With a lot 
of help from other employees of Medusa, we 
got the car ready in time and set off to Spain 
on Monday 31st of August.

After two days driving, we arrived in Tafalla 
and immediately I got to know the Span-
ish habits. Restaurant only opened from 9 
o’clock in the evening (my stomach was still 
set in Dutch times, so by then I was starv-
ing) and the next morning breakfast was 
served: toast, tomato puree, salt and olive oil. 
This would continue to be my breakfast and 
lunch for the rest of the journey, but I got to 
appreciate it in the end. The first agricultural 
fields were located in Falces. Directly, we had 
one of the most difficult fields. A steep, stony, 
large area where it was difficult to keep the 
car steady. Moreover, the farmer of the land 
came by. I guess we looked very sophisti-
cated with our gear and outfits, because our 
nickname became for the remaining time: 
Las Chicas de NASA.

After Falces in the northwest, we went to-
wards the border with Portugal. Measure-
ments were performed near Benavente and 
Zamora. Still summer, the sun was shining 
at its maximum, 30 degrees Celsius and no 
shade, making it sometimes quite warm and 
dusty. But nothing that a shower and some 
tapas couldn’t fix. Fenny warned me that it 

This was a 5-year EU Life + project named 
Crops for Better Soil. The main motivation 
was to improve the sustainability of farming 
on marginal soils. Due to budget cutting in 
the EU (CAP) subsidies, only sowing a crop 
was not enough anymore to receive a sub-
sidy and make a profit. The farmers need to 
make more money by having better yields 
to sell. Hence, new techniques had to be ap-
plied. In the beginning of the project, mea-
surements were taken on cultivated fields 
in Spain with a Gamma-Ray Spectrometer 
(GRS) and Ground Penetrating Radar (GPR). 
Three years later, these measurements had to 
be done again to see if the quality of the soil 
had improved after applying organic farm-
ing, traditional crops (crops suitable for the 
local environment) and crop rotation. My job 
was to help Medusa Explorations with the 
acquisition of the geophysical survey and 

From the moment I started my master Applied Geophysics, it was clear that doing an internship during the three months summer holiday 
would be a great opportunity. The next step in the process was to find a company. Just before I was moving to Zürich for my study, one of 
my housemates told me about Medusa Explorations BV; a geophysical company in Groningen. I contacted them and they were immediately 
enthusiastic. In the next email I got from Ronald Koomans, one of the co-founders, was the question if I was interested in a project in Spain.

By Thaïsa van der WoudeInternship in Spain at Medusa Explorations 

▲   Figure 1: Thaïsa laying on top of the 4x4 
during vineyard measurements

▲   Fi;gure 2:  Car with equipment on the field ▲   Figure 3:  Measurements at vineyard 
Onion with Fenny and Thaïsa
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what you are thinking: two women behind 
the wheels, it had nothing to do with it). Con-
sequently, we had to drive with a rental car 
to our meeting, by Tuesday we heard the car 
wouldn’t be fixed soon and as a result drove 
home with a replacement car. 

This internship taught me a lot about per-
forming a survey and showed me different 
applications of geophysics. Medusa Explora-
tions and especially Fenny invited me with 
open arms allowing me to have a valuable 
experience. And my Spanish definitely im-
proved as it went from knowing one word to 
minimal 20 words! 

Glück Auf, 
Thaïsa van der Woude

of Viana. So far, the small villages have not 
been boring at all! On the vineyard, already 
many different measurements had been per-
formed by Neiker Tecnalia, a research insti-
tute in Bilbao, to improve the quality of the 
wine. The complete dataset from this field 
could be very beneficial to correlate with our 
data. The branches of the vines were hang-
ing very low, thus I had to place myself on 
top of the car to make sure the GPS remained 
in place. Somewhat a challenge as the vine-
yard was on a slope, still holding the GPS and 
trying to make some pictures. We agreed to 
process the data and meet them on Monday 
morning in Bilbao. 

After the vineyard, we drove back to the test-
field in Illana to have a closer look at the soil 
together with Juan Pablo and Egbert-Jan by 
standing in dug holes. The aim was to see 
if the roots of the crops grew deeper than 
three years ago; this was really hard to see. 
After Illana, we only had some fields left near 
Zaragoza. And on Saturday, when finished 
with our project, we were again asked for an-
other project to measure a fruit yard named 
Fincas Valleluz. As mentioned, on Monday 
morning we had to be in Bilbao, therefore 
we spent the last Sunday around this city. We 
went to the rough coast and when heading 
back towards the hotel, the car didn’t seem 
to brake anymore. All kinds of fluids came 
out of the car resulting in the car getting 
towed. The stony fields took its toll (I know 

Professor Juan Pablo del Monte and Egbert-
Jan Sonneveld, project partners. Therefore, 
we decided to stay in Alcala de Henares 
on Sunday, one hour by train from Madrid. 
However, it was immensely crowded. After 
arrival, the bustle started making sense. The 
next morning the last stage of the Vuelta was 
starting here! After buying a Dutch flag to 
show our support, we saw Dumoulin riding 
off to Madrid on Sunday afternoon.
 
After the project meeting, we headed for the 
fields by Sigüenza. Due to all the stones and 
rocks on the fields, the sledge broke down 
and needed to get repaired. With some 
screws and ropes, the sledge was fixed in no-
time. Following, we were invited to measure 
a vineyard Costanillas from Bodega Zuazo 
Gaston in Oion (Basque Country). As Oion 
contains only a few houses, we slept in Viana. 
When we wanted to get some food, the hotel 
was sealed off with big fences and unexpect-
edly bulls were running through the streets 

▲   Figure 4: start of the Vuelta in Alcala de 
Henares

▲   Figure 6: Bulls in Viana

▲   Figure 7: Coast near Bilbao

▲   Figure 8: Fenny and Thaïsa looking at soil 
in dug holes

▲   Figure 5: Thaïsa repairing the sledge
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simulator from the Computer Modelling 
Group called STARSTM. This model describes 
foam behaviour in a time invariant manner. 
That is; foam reaches steady state instantly, 
neglecting coalescence and generation of 
individual bubbles. The aim of the model is 
to control gas mobility as a function of water 
saturation, oil saturation and foam strength. 
This is done by dividing the gas viscosity in 
absence of foam by a certain mobility reduc-
tion factor FM. 
       
     
               (3)
      
    

                  (4)

Where fmmob is the reference mobility re-
duction factor. That is, the factor that alters 
gas mobility in presence of strongest pos-
sible foam. The effect of water saturation on 
foam mobility in the reservoir is expressed by 
F2. This function accounts for the effects of 
critical water saturation, which is the satura-
tion below which foam cannot sustain. The 
effect of oil saturation on foam mobility in 
the reservoir is described by function F3 in 
STARSTM model. 
      
      
          (5) 
  

          (6)

Here, fmdry, epdry, fmoil, floil and epoil are all 
model parameters that control the effect of 
oil- and water saturation on foam strength. 
From these equations we find that gas mobil-

a detrimental effect on foam stability and 
therefore on foam propagation through a 
reservoir. 

Numerous studies in the past have shown 
numerical artefacts when foam interpolation 
models are coupled to commercial simula-
tors. These artefacts impede a complete 
understanding of foam behaviour in porous 
media. Fractional-flow theory has proven to 
provide key insight in displacement mecha-
nisms in porous media, ranging from simple 
water-flood experiments to predictions in 
complex EOR-processes. One drawback of 
fractional flow-theory is the complexity of 
the math when three-phases are concerned 
and relative permeability relations are com-
plex. Moreover, deriving solutions for dis-
placement from fractional-flow theory for 
every specific scenario is a time-consuming 
process. Throughout this study we aim to 
develop a software package which solves 
3-phase 1D foam-injection problems in the 
presence of oil.

Foam modelling and STARSTM

There are a few key reservoir parameters that 
are important when modelling displacement 
of any fluid through a subsurface reservoir, 
which are: Saturation, Sα; fraction of pore 
space occupied by the respective phase. Rel-
ative permeability, kr,α; ability of a medium 
to transmit the respective phase, which is a 
function of saturation. Viscosity, µα; resis-
tance of a fluid to shear stress. Mobility, λα; 
the combined fluid and rock properties that 
govern the ability of a fluid to travel through 
a medium, which equals the ratio of the rela-
tive permeability to the viscosity.

Capturing the physics that govern foam 
propagation through an oil filled reservoir 
have proven to be difficult and attempts to 
model foam behaviour often gave rise to dis-
cussion. In this work we use an adjusted form 
of the model used in a commercial reservoir 

The effect of oil saturation on foam stability is complicated and not fully understood. Complexity in foam models give rise to numerical 
problems in three-phase simulations with foam. The objective of this thesis is to study foam displacement with fractional-flow theory 
instead of simulation. Results are expected to be unaffected by numerical problems. RPN, developed at the Instituto Nacional de 
Matemática Pura e Aplicada, develops solutions to three-phase fractional-flow problems. The software package is used to enhance 
understanding of foam displacement. In this study we succesfully couple STARSTM interpolation parameters for foam displacement to RPN.

Enhanced oil recovery and foam injection
Oil in conventional subsurface reservoirs is 
recovered in three stages. Tertiary recovery, 
or enhanced oil recovery (EOR), methods are 
used in the last stage of reservoir develop-
ment to recover oil by injecting fluid that is 
not native to the reservoir. EOR aims to in-
crease oil recovery by two means; increasing 
displacement efficiency (reducing residual 
oil saturation wherever displacing fluids have 
travelled) and increasing sweep (increasing 
the fraction of the reservoir contacted by the 
displacing fluids). Displacement efficiency is 
a function of capillary number Nca, whereas 
sweep efficiency is a function of the mobility 
number M.

   (1)

   (2)

      
    
Where permeability is k, pressure gradient  
, interfacial tension σ and phase viscosity 
µα. (Lake, 2010) A higher capillary number 
results in better displacement efficiency 
whereas a lower mobility number increases 
sweep efficiency. Steam injection (Li et. al. 
2012) and polymer flooding (Needham & 
Doe, 1987) are widely applied EOR methods 
that aim to reduce the mobility ratio and 
hence increase sweep efficiency.  

Gas injection EOR can have excellent dis-
placement efficiency (M.M. Kulkarni & D.N. 
Rao, 2005; Stalkup, 1983) but often suffers 
from poor sweep efficiency. (Lake, 2010) 
Foam can improve the sweep efficiency of 
gas injection EOR. (Rossen, 1996) Oil has 

By Robert Heins

Modelling the effect of oil on foam displacement with the 
wave curve method
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cal operation when dealing with two-phase 
flow. In three phases, this involves a direc-
tional derivative. The fractional flow solution 
can only be found through advanced knowl-
edge of wave equations. The complete deri-
vation is beyond the scope of an engineering 
focussed article. 

Three phase fractional flow theory, which is 
briefly touched upon in the previous para-
graph, is a strong mathematical tool to solve 
displacement problems. The mathematics 
behind the method is complex and deriving 
all solutions for every specific scenario is a 
time-consuming process. RPN is a software 
package that various types of waves that are 
required to solve fractional flow equations in 
three phases in an automated manner. Fur-
thermore, it deduces the saturation profile 
from the constructed wave curves. The soft-
ware package relies on analytical formula-
tions of all governing physics including the 
zeroth, first and second derivatives of model 
equations. RPN is capable of handling vari-
ous relative-permeability models (Stone’s 1 
and 2, Corey etc.). The software package is 
developed at the Fluid Dynamics Lab of the 
Brazilian National Institute of Pure and Ap-
plied Mathematics, i.e. the Instituto Nacional 
de Matemática Pura e Aplicada. 

For this study we couple the wave curve 
method to describe three phase flow prob-
lems with the foam interpolation parameters 
from CMG STARSTM. Ultimately, we develop 
a software package that solves three-phase 
foam displacement problems automatically. 
Input parameters for the model are all com-
monly used reservoir and fluid parameters. 
In addition, foam parameters need to be 
specified and Injection and Initial states are 
required. Then, the software package is able 
to construct two wave curves; the first one 
originates from initial state I and the second 
originates from injection state J. The wave 
curves intersect at intermediate state, IJ. 
Combining the wave curves yields the satura-
tion paths. From the saturation path we then 
deduct a saturation-distance plot. These can 
be used in their turn to analyse favourability 
of displacement and 1D production data. An 
example is given in figures 3 and 4.

The solution to these fractional flow equa-
tions describes the distribution of satura-
tions of all phases present in the reservoir. 
Solving equation 2 for dimensionless pa-
rameters yields the propagation speed of 
saturations in the reservoir, or characteristic 
speed. Characteristic speed is a fundamental 
parameter in understanding displacement 
in reservoirs. Ultimately, the fractional flow 
solution will consist of shockwaves, rarefac-
tion waves and constant states. A saturation 
profile is then constructed by connecting the 
waves.

Key in finding fractional flow solutions is 
knowing the derivative of the fractional flow, 
which is obtained by a simple mathemati-

ity is only a function of oil- and water satura-
tion. Figures 1 and 2 show the functions F2 
and F3.

Displacement modelling and RPN
Analysis of fractional-flow theory is a strong 
analytical tool which can greatly enhance 
understanding of displacement of fluids 
initially present in the reservoir by injected 
fluids. (Buckley and Leverett 1942, Pope et al. 
1980, Lake 2010) Fractional flow equals the 
superficial velocity, which follows from Dar-
cy’s law, of a respective phase over the total 
superficial velocity through the reservoir. It 
is therefore a function of the mobilities of all 
phases in the reservoir.

▲   Figure 1: The water saturation dependent function F2 from STARSTM model. 
Fmdry is fixed at Sw=0.3. The higher value of epdry produces a more abrupt 
transition from a high to a low mobility reduction factor.

▲ Figure 2: Oil saturation dependent function F3 from STARSTM model. The 
lower and upper limits, are set to so=0.1 and so=0.3 respectively
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A simulation study on foam displacement 
(Namdar Zanganeh et al., 2009) has been the 
main incentive to start this project.  In this 
chapter we aim to resolve the numerical dif-
ficulties that arise in Namdar Zanganeh et al. 
(2009) using the wave curve method. Figure 
5 shows the numerical results of that work, 
oscillations are caused by numerical prob-
lems.
The input parameters as used in Namdar 
Zanganeh et al. (2009) are not in the appro-

Displacement results
Using RPN, we analysed various displace-
ment scenarios, resulting in a catalogue of 
the influence of the various model param-
eters and injection- and initial conditions on 
foam displacement efficiency. Furthermore, 
we reworked displacement problems where 
conventional simulators did not converge to 
a solution. An example is given in this sec-
tion.

RPN comes with three major advantages 
over conventional reservoir simulators and 
certain limitations. 

The main advantage is that simulators of-
ten do not converge to a solution in foam 
injection problems. With RPN we found so-
lutions to these scenarios on several occa-
sions. Furthermore, numerical simulators are 
time-consuming and expensive. Being an 
analytical tool, RPN does not suffer from this. 
Finally, simulators work with discretized con-
trol volumes or grids. These bring two major 
concerns: stability and accuracy. RPN does 
not make use of discretization in either time 
or space. Hence, users of RPN need not con-
sider the effects of stability and accuracy. In 
addition, exact solutions can be derived for 
any position and any time given.

Limitations to the code exist also. For in-
stance; the wave curve method can only be 
employed to solve 1-D displacement sce-
narios under the same conditions that hold 
for fractional flow analysis. Solutions under 
these assumptions are sufficient for the pur-
pose of understanding foam displacement 
and bank propagation. The results are, how-
ever, not sufficient if, for example, compo-
nent exchange between gas and oil or chem-
ical reactions between surfactant and oil 
should be examined during displacement. 

▲ Figure 5: Simulation results on oil displacement by foam for different dimensionless times. Oscilla-
tions occur from one grid-block to the other. From Namdar Zanganeh (2009)

▲ Figure 4: Saturation profile for the displacement in figure 3. The colours rep-
resent the saturation of respective phases. Wave speed equals distance for a 
fixed time. Hence, from here we can deduct how far foam has travelled in the 
reservoir. The boxed numbers represent the total relative mobility; a high num-
ber indicates fluids that travel easily through a reservoir where a low number 
indicates more resistance to flow.

▲ Figure 3: Saturation path for displacement in a 
reservoir initially filled with oil and water. (location 
I in the ternary diagram) water and gas are co-in-
jected in the reservoir. Displacement occurs over the 
compositional path, the line in black.
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Conclusions
• The wave curve method has been extended 
to foam displacement scenarios successfully. 
RPN, the software package, is now equipped 
with a modified version of STARStm foam in-
terpolation parameters. Corey-type relative 
permeability functions are, for now, the only 
options for relative permeability. The wave 
curve method results are validated by com-
parison to a conventional finite difference 
simulator.
• RPN has been used extensively to enhance 
insights on foam displacement in 1-D reser-
voirs. Various conclusions are drawn on ques-
tions raised in previous studies and general 
displacement problems.
o Multiple scenarios are studied with differ-
ent combinations of injection and initial con-
ditions and a range of foam parameters.
o The challenging scenario from Namdar 
Zanganeh et al. (2009) was extensively stud-
ied with RPN. We are capable of finding an 
analytical solution where simulation re-sults 
proved insufficient
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priate range of input for RPN. That is, they are 
not in the accepted range for the code as it is 
at this stage. The software is continuously in 
development, becoming more complete in 
every development iteration. A reasonable 
approximation of the case described above 
is made, which can be analysed by RPN.
The input parameters of that The scenario 
with approximated input parameters from 
Namdar Zanganeh et al. (2009) is examined 
with RPN. For comparison, water saturation 
profile is provided in Figures 6 and 7 In com-
parison with the simulation results, a con-
stant state is observed between xD=0.2 and 
xD=1, this region of constant state remains 
undetected by the numerical simulator. In 
fact, this is the range of positions where the 
simulator shows oscillations. The shock to 
the initial condition is located at the same di-
mensionless position in the two results.

Relevance and limitations
Fractional flow theory has provided key in-
sight in fluid displacement in porous media. 
The way in which RPN succeeds to capture a 
complete, mathematically correct, solution 
to displacement problems in three phases, 
combined with the foam model equations 
is useful in various occasions. First, RPN can 
be used in data matching to core flood ex-
periments to improve the foam model of 
STARSTM. Second, in design studies in foam 
EOR, RPN can enhance one’s understanding 
of foam propagation in presence of oil. The 
significance of all foam interpolation param-
eters can be assessed individually, enhanc-
ing the overall understanding of foam EOR 
processes. 

Although the study provides insight in the 
key displacement parameters; saturation, 
wave propagation speed and mobility ratios, 
this study does not include the physics of 
oil-gas interaction and phase behaviour. Gas 
injection EOR, as a forerunner of foam injec-
tion EOR, is successfully applied in many field 
operations for the miscibility effects of gas-
oil-interaction. None of these favourable dis-
placement factors are captured in the model. 
This should be considered of one is to use 
RPN in design studies or experimental data 
matching. 

▲ Figure 6: Simulation results, at one pore volume 
injected, for the approximation of Namdar Zan-
ganeh et al. (2009)

▲ Figure 7: Saturation profile at one pore volume 
injected from RPN for the approximation of the 
case of Namdar Zanganeh et al. (2009).
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By Twan Goense and  Rogier Crooimans Geothermie excursion Soultz-sous-Forêts

In November there was a two day geothermal excursion to Soultz-sous-Forêts, Alsace, organized by our geothermal professor David 
Bruhn and DAP. The last DAP seminar had this area as a topic of an introduction. With two minivans we drove with a mixed group of 
BSc, MSc and PhD students and alumni to France. This time the excursion was focused on the surface facilities. Some outcrops were 
visited as well.

The excursion started early so we would arrive in Soultz-sous-Forêts 
just after lunch for a presentation of the EGS (Enhanced Geothermal 
System).  The heat is extracted from the granite in the Rhine Valley at 
roughly 5 km depth with 4 wells. A fracture zone is created between 
the wells by hydraulic fracking to circulate water and extract the 
heat. At the surface there is a pilot plant, used for generating electric-
ity, for research on geothermal energy production and to minimize 
the environmental and social impact. The results show that a mini-
mal footprint needs to be used and that the fracking has no impact 
on the community. Providing solid information for people who live 
nearby is crucial. After the presentation a former production site and 
a new one were visited. 

After these sites it was time to go to the hotel and have diner. We had 
their specialty, Chourcroute d’Alsace. We can recommend everyone 
to eat this dish when visiting the Alsace. Another famous thing about 
this area is the history in oil, which is all explained in the oil museum 
nearby our hotel. With pride the owners told us their golden times 
and how the Schlumberger brothers started their carriers there. 

The second day started with a visit to the geothermal power plant in 
Bruchsal, which has research as the main target. Solutions are found 
for CO2 production the effect of scaling and damage on pumps, 
pipelines etc. Therefor the power plant is not that profitable in terms 

of money, but a lot of lessons are learned for future projects. One 
of the projects is the power plant in Insheim at which we got a tour 
after Bruchsal. 

This powerplant in Insheim is operated by Pfalzwerke geofuture, 
which is producing water at a temperature of 165 °C from 3.600 m 
depth. With a production rate of 50-80 l/s, they generate 4.8 MW 
electric energy.

At the end of the day we had little time to visit an outcrop of the 
reservoir used for the production of geothermal energy. Actually it 
was a still operating basalt quarry, but nevertheless we were allowed 
to have a nice look!

This successful geothermal excursion is far from the last interesting 
geothermal activity planned by David Bruhn and DAP. The next semi-
nar will be in February and a geological excursion to Iceland is in the 
planning as an elective course for MSc/PhD-students.  Hopefully we 
see you there! 

Glück Auf!, 
Twan Goense and Rogier Crooijmans

▲   Figure 1: Geothermal power plant in Bruchsak ▲   Figure 2: Outcrop of the reservoir rock. At the top the Bundsandstein, 
and below the granite reservoir rock including basaltic dikes.
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By Henneke de Vries, Daan Thomassen and Steven BuschPetroleum Company Visits

many, many jack-ups, huge cranes and a vast 
amount of efficiency. “FELS CAN DO”, as stated 
on one of the walls, is definitely true.

In the afternoon we visited National Oilwell 
Varco (NOV). This was again a company that 
not all students were familiar with, although 
many had recognized their logo on the equip-
ment on the ENSCO 5005 rig and thus were 
curious already. We learned that NOV delivers 
drilling equipment and technology, as well as 
advice. Our visit was focused on the manufac-
turing of roller-cone drill bits and we observed 
and learned about all different manufacturing 
steps during a tour through the facility.

After exploring Singapore on Saturday, we flew 
to Kuala Lumpur. On Sunday, we visited the 
Batu Caves that are home to an ancient Hindu 
temple. It was time for some teambuilding. So 
what is more fun than to undertake a caving 
tour with a crawl through some 3 ft high cor-
ridors filled with guano, where your clothes are 
torn apart? After this pleasant morning activity 
an undoubtful distinction was made between 
the brave and the chickens. 

After a refreshing shower and with renewed 
energy it was time to visit the Petronas head 
office, located in the famous KL Twin Towers, 
on Monday morning. Although covered in 
the haze, the towers were still an impressive 
sight. Petronas is of course the largest opera-

next job in Brunei. Most of our students had 
never set foot on a rig before, so this impres-
sive structure towering above us will not soon 
be forgotten. After a thorough HSE induction 
we put on our PPE and climbed the rig. It was 
a great opportunity to see the different equip-
ment in reality after learning it in class. The size 
and scope of basically anything on the rig were 
very impressive.

The next day we went back to the Keppel Fels 
Shipyard but this time for a tour over the en-
tire yard. The visit started with a presentation 
about Keppel, it’s strategy, worldwide organi-
zation and wide range of services: from build-
ing, to maintaining, to adapting jack-up and 
semi-sub rigs and converting FPSO, FSO and 
FSRU’s. Afterwards we had a dialog with the 
senior management, where interesting ques-
tions came up on the current challenging en-
vironment and the core abilities of Keppel. Then it 
was time to see the yard. Escorted by two guards 
on motorcycles, we drove across the yard and saw 

In Singapore the focus was on drilling and the 
offshore industry and in Kuala Lumpur explo-
ration and production set the tone. After ar-
riving in Singapore, having a great street-food 
dinner in Chinatown and a good night sleep 
our program started off with a visit to the of-
fice of SapuraKencana. This company was un-
known to many of our students, but we soon 
learned that this fully-fledged upstream player, 
which is one of the world’s largest integrated 
oil and gas service and solution providers, had 
much to offer. After the company introduc-
tion, the focus was set on the drilling part of 
SapuraKencana: it’s operations, tender drilling, 
HSE and the two-envelope bidding process in 
acquiring projects were discussed.

The visit provided an excellent opportunity 
to get to know a company that is less familiar 
in the Netherlands and a perfect basis for the 
afternoon visit to the ENSCO 5005 semi-sub-
mersible rig. The rig was standing in the docks 
of the Keppel Shipyard in preparation for its 

On October 13, 2015, we stood at Schiphol airport with a group of 19 students. After a year of preparations, the moment had come where we 
would leave rainy Netherlands behind for ten days of company visits in Singapore and Kuala Lumpur. The trip was entirely organized by and for 
students, the initiative inspired by the company visits that until some years ago used to be part of the MSc. programs Petroleum Engineering 
and Petroleum Geology. Our group consisted of 17 MSc. students Petroleum Engineering and 2 MSc. students Offshore Engineering.  

We had a busy schedule ahead of us, with four companies and the Dutch embassy in Singapore and four companies and the Petronas 
University of Technology in Kuala Lumpur. Also on the program were a football match against the SPE YP section of Kuala Lumpur, a dinner 
with Shell and a visit to the Batu Caves for a mix of geology and guano experience. 
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After this visit, it was time to say goodbye. 
Some students had exams to prepare, whilst 
others chose for a short extra vacation in 
Southeast Asia.

One article is of course too brief to cover 
all. If you are curious about pictures from 
the football match and others, more details 
about the companies or activities that could 
not be covered here, find the full excursion 
guide and final trip report here: http://spe.
citg.tudelft.nl/. 

At this moment a new committee has al-
ready started with the preparations for next 
year’s Delft student Chapter company visits. 
The destination is still unknown, yet we are 
confident this visit will again be a great suc-
cess with hopefully many enthusiastic spon-
soring and hosting companies and a diverse 
and interested group of participants. If you 
are interested to sponsor, support or advice 
on next year’s excursion, feel free to contact 
the Delft student chapter.

Glück Auf! 

Henneke de Vries, Daan Thomassen and Ste-
ven Busch
 

can be optimized in developing and producing 
a field. The day was finalized with a great din-
ner together with Delft alumni from Shell and 
Total in KL.

On Wednesday we visited Core Laboratories, 
where we learned how cores are handled and 
analyzed.  We also got the chance to see the 
PVT analysis lab and SCAL. This visit provided 
good insight on the information you can re-
trieve from just a few inches of core. Upscaling 
this information to reservoir dimensions is a big 
challenge and that definitely became clear. 

On Thursday it was time for our last visit, which 
went to Universiti Teknologi Petronas. The uni-
versity is located 200 km North of Kuala Lum-
pur, within a beautiful rainforest environment. 
We received a presentation from the Head of 
the Petroleum Engineering department and 
visited the Library in Chancellor Hall, which 
is designed by the same architect as the TU 
Delft Library. Next, we visited the EOR, Drill-
ing and Core Flooding laboratories. 

tor in Malaysia and has a unique position as 
NOC that also operates internationally. We 
received presentations about Reservoir En-
gineering, Production Technology and Pet-
rophysics. Laurens Peene and Steven Busch 
gave a presentation from our side. Steven 
gave an introduction on the TU Delft and 
the PE section’s current research and Lau-
rens presented his MSc. Thesis on cuttings 
transport in the wellbore. After this insightful 
morning of knowledge exchange we were 
invited to a fantastic lunch in the Malaysian 
Petroleum Club, at level 42 in the Twin Tow-
ers.

Schlumberger, next on our program, is lo-
cated right next to the Twin Towers. We were 
hosted in the Digital Technology Theatre, 
where we learned about Schlumberger in 
Malaysia, flow assurance, the challenges in 
dealing with offshore brownfields and the 
drilling of the longest directional single run 
dual stage completion in the world.

On Monday evening a memorable sporting 
event took place. The Delft Petroleum stu-
dents had challenged the SPE YP Malaysian 
Petroleum Engineers for a friendly, yet com-
petitive football match. It was clear that the 
Malaysian team was well prepared: half way 
a 3 to 0 lead was booked. Nevertheless, after 
a strategic reorganization on the Dutch side, 
the Delft students managed to come back to 
3-3. In the end we won the match the Ger-
man way: the winning goal was scored in the 
last minute, setting the final score to 3-4.

Tuesday was spent entirely with Shell, anoth-
er big player in Malaysia. In the morning we 
learned about the challenges in setting Shells 
Pearl GTL plant, deep water developments 
in Sarawak and Sabah and the concepts of 
unitization and redetermination. The latter 
is a topic we never heard about but proved 
to be very interesting with high stakes for all 
parties involved. In the afternoon we visited 
the EOR Centre, which is a collaboration be-
tween Shell and Petronas. Here the research 
is not only focused on EOR in the sense of in-
creasing sweep and displacement efficiency, 
but also directed towards optimizing con-
tracting strategies, maximizing existing facil-
ity usage and R&D collaboration. It was good 
to realize and learn about various aspects that 
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holes with very soft or bad rock. These things 
are still needed to be done by hand. 

The current level of automation is that on the 
newest Rocket Boomers software is installed 
which allow an operator to drill semi-auto-
mated. This means he can choose an order in 
which the holes need to be drilled and press 
start. 

Project Overview
As stated above the software for automated 
drilling is available on the rigs however the 
exact benefits of automated vs. manual drill-
ing were yet unknown. The data of manual 
and automated drilling was used to evaluate 
the differences using the objectives time and 
economics. The aim was to show the poten-
tial of semi-automated underground face 
drilling. The study focussed on time savings 
by automation, translated to extra number of 
blasts a year. 

the office so the operator has to check if it 
fits with the face and navigate to make sure 
the holes are drilled in the right direction and 
at the right place. If the drill plan is incorrect 
the operator needs to make a new one based 
on pre-defined plans saved on the rigs soft-
ware. After the navigation the operator sees 
a screen on which the drill plan is shown and 
the direction of his booms. Using this screen 
and the joy sticks he can move the booms to 
the right place and direction and drill a hole. 
Generally two drill patterns are used. One 
without a cut is used when there is being 
drilled for extraction. In this case a space at 
the bottom of the face is left open. This was 
the roof of the previous slice. This pattern is 
fairly simple and needs less boreholes than 
the following. When the drilling is for de-
velopment a pattern with a cut is used. The 
cut includes reamers, which are larger holes 
in the centre that are not charged. The rock 
can expand in these spaces when the rock 
is blasted. During the procedure drilling has 
to be stopped at certain times: 1) for drill 
bit changes, 2) for cleaning holes by insert-
ing the rod again and 3) for putting tubes in 

How the project came to place
I had enough time to do my Bachelor The-
sis because I chose to do one extra year for 
my Bachelor’s instead of risking to have one 
course left in the 4th period. In the summer 
of 2014 I went with the SME-TMS Study Trip 
to Sweden where one of the companies we 
visited was Boliden. I found the mines and 
company very interesting. I knew that at the 
symposium of the half-lustrum celebration 
there would be a speaker present of Boliden. 
After that presentation I went up to him and 
asked what the opportunities were. He gave 
me his card and via him I found the right per-
son to talk to. After some e-mail conversa-
tions and one Skype call I just had to get all 
the administration of the TU Delft right and 
I was ready to go. I put effort in this and it 
certainly paid off. 

Introduction
Mining is almost as old as mankind itself. 
Nowadays mines are increasing in depth 
and number of hazards. To mine these de-
posits profitably and to guarantee person-
nel’s safety, Boliden is developing more au-
tonomous solutions. The underground face 
drilling Rocket Boomer E2-series, face drill 
rigs with two booms, already have the latest 
software from Atlas Copco available for semi-
automated drilling, although it is not used 
for daily production yet. These rigs are used 
in all three Boliden Area underground mines: 
Renström, Kristineberg and Kankberg.

The mining method used in these mines 
is the cut and fill method. Horizontal slices 
are mined by the means of drilling, blasting 
and hauling the material away to transport 
to the surface. After each slice is mined, the 
‘cut’ will be backfilled with hydraulic sand or 
cemented waste rock and finished off with 
cement to increase the strength and provide 
a stable working area for the machines. The 
previously filled slice will become the floor of 
the slice that is mined afterwards on top of it. 
The underground face drilling procedure is 
shown in Figure 2. The drill plan is set up in 

For my Bachelor thesis I went to Boliden in Sweden to investigate the potential of semi-automated 2-boom underground face drilling. This 
was a really good experience not only for my CV but for my personal development as well. I stayed there for 6 weeks, went underground 
in 2 different mines for a total of 5 days and when I came back to Delft I had little work left to finish my thesis. In this article I will briefly 
explain my thesis, how I came to the idea and arranged it, the experience in an underground mine and the overall experience of living in 
a small village in Sweden for 6 weeks.

By Renske TaylorSemi-Automated Underground Face Drilling with 2 Booms

▲   Figure 1: Typical underground mine cycle (Atlas Copco, 2015; Clipartsforyou, 2015)

▲   Figure 2: Flow chart of the face drilling procedure
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Results & Conclusion
The data for manual drilling and automated 
drilling needed to be compared. Therefore 
the time measured for boom movement 
when drilled manually was compared with 
the time measured for boom movement 
when drilled automated. When these differ-
ences were determined the data for one year 
of each Boliden Area underground mine was 
simulated as how it would be if it were drilled 
automated. 

The time needed to move the boom to the 
next hole was on average 16 seconds. It is 
important to realize that this time can vary 
a lot because: 1) A drill bit change is needed, 
2) The hole needs to be cleaned by inserting 
the rod once more to remove the pieces of 
loose rock inside the borehole and 3) Gen-
erally in the bottom row of holes (which 
are drilled first) tubes need to inserted and 
sometimes in additional holes as well to pre-
vent swelling of the rock and cuttings from 
holes above getting into the hole, especially 
when directed downwards. These factors are 
very difficult to estimate since they vary for 
every face. However it is expected that they 
won’t have a major impact on the final result. 
The potential time improvement can be di-
vided in two: When the operator is absent 
and when he is present on the rig. It is as-
sumed that a round with a cut can’t gain time 
when automated because they are fairly 
difficult to drill and the part for drilling the 

ing the mine map up to date and I have seen 
Rock Bolt and Shot Crete equipment work-
ing. 
During my time underground I learned about 
the drilling and limits of it and also that auto-
mating the procedure would be beneficial. 
However when the face increases in com-
plexity, for instance if the quality of the rock 
decreases, automation might not be the 
best solution. Because of safety regulations 
booms can shut down when they become 
too close to one-another or to the wall/roof. 
The operator then has to position the boom 
itself and drill the hole manually. However it 
is possible to run one boom automated and 
the other not. The pressure on the operator is 
then released and he can drill faster because 
one boom isn’t waiting when he is still po-
sitioning the other. In other words automa-
tion is not yet in the stage that an operator 
can leave the machine and let it run remote 
controlled. Next to this navigating and posi-
tioning the rig before it starts to drill needs 
to be done by the operator himself, as well as 
changing drill bits and so on.

After about 2 weeks in the office I got to visit 
another mine: Kristineberg. This was a mine 
where drilling with the newest rig and soft-
ware was started to be applied. Together 
with someone from the office, the operator 
and an employee of Atlas Copco (the man-
ufacturer of the drill rig and software) we 
went underground. This time we used the 
Atlas Copco’s car to drive to the rig. These 
two days were combined: checking the new 
software and training the operator using the 
new rig for the Atlas Copco employee and 
taking measurements on boom movements 
for me (both when automated and manually 
drilled).

It was difficult to see the benefits because it 
was the first time that the operator worked 
on the new rig with the new software lay-
out. The automation itself worked quite well, 
only a couple of time the booms stopped 
drilling because of collision risk. The time 
measurements of the boom movements var-
ied because the order in which the operator 
set the booms to drill the holes could some-
times be more efficient. 

Underground experience 
I joined the morning shift at Renström in my 
first week which meant that I woke up at 5 
am just to arrive on time to go underground 
at 6. I went together with the operator and 
followed him around. It was quite like I imag-
ined, maybe because I have been under-
ground before during excursions. We went 
down via the elevator shaft. From there we 
split up and drove in land rovers to our work-
ing or parking spaces. Sometimes the drill 
rig was left at an unfinished face or it was 
parked out of the way and we had to drive it 
up to the appropriate face. These days were 
interesting but also very exhausting. Com-
municating in English took a bit of an effort 
but learning about general workings in an 
underground mine and the topic of my the-
sis was very much worthwhile. I learned a lot 
more than I did during excursions. 

In a mine things rarely go exactly as planned. 
This resulted in the fact that I only had 1.5 
days on the Rocket Boomer. I didn’t re-
ally mind because I have learnt a lot when I 
wasn’t on the Rocket Boomer too. The first 
day I spent on a Simba drill rig to drill one 
hole of 60 meters upwards for the purpose 
of drainage. This rig had various similarities 
with the Rocket Boomer. Another half of a 
day I had the privilege to follow the foreman. 
While doing this I got an understanding of 
how the mapping geologists work on keep-

▲   Figure 3: Renske working underground

▲   Figure 4: Renske working underground

NR2.indd   33 27-1-2016   8:36:03



34

puzzle. The task for me and Dominique was 
maintaining the metal detector. It was nice to 
see the happy faces of really small children 
that can barely hold it when they find a small 
mineral (or coin) and they may keep it. The 
same happened with us when we explored 
the nearby forest ourselves. We found what 
seemed to be a dump of rock with several 
really nice minerals like Muscovite and Tour-
maline. We also had a small tour through 
the visitors mine. Then it was time to go and 
Dominique went with me to return the car. 
We walked from the rental car company to 
the city centre and had some food at the 
international food festival. There was even a 
Dutch stand present with “stroopwafels” and 
cheese. Afterwards we took the bus back to 
Boliden. 

This shows that the experience of going 
abroad for a thesis doesn’t just give the ad-
vantage of getting to know a company but 
also because of opportunities that you nor-
mally haven’t got. It was difficult during the 
weekends to get around without having a 
car available (there are not a lot of buses go-
ing from Boliden to Skellefteå) but I still man-
aged to see the Baltic sea because Georgian 
really wanted to. Some weekends were very 
boring but I managed to make the most of 
it. I treasure the experience and would rec-
ommend anyone doing something similar if 
they have the time available. 

There is a minor potential in semi-automated 
face drilling which is mainly gained revenue 
and productivity. However, the complica-
tions need to be solved to maximize the 
profit of automation. It is expected that the 
benefits will counterbalance the complica-
tions and it will be utilized because the old 
rigs will wear out and be replaced with the 
newest version. It’s an interesting thought 
that if this kind of automation can also be 
applied to similar machines like Rock Bolters. 

The overall experience
Before I started I flew from Schiphol to Stock-
holm and changed to another flight to Skel-
lefteå. When I arrived a taxi was waiting for 
me to bring me to a hostel/hotel to stay in 
Boliden. I had my own room including bath-
room and a shared kitchen and living room. 
The shared kitchen was a good way to get to 
know the other tenants while preparing din-
ner. E.g. a German (Dominique) and Roma-
nian (Georgian) master thesis student in Eco-
nomic Geology also performing their thesis 
at Boliden. Sometimes I had dinner with 
them and I went swimming with Dominique 
in Boliden a couple of times. They also had 
a sauna and the best thing was that it was 
free of charge because we were considered 
employees of Boliden. It was nice to relax 
there after a long day at the office or in the 
weekend. 

In the first week I had my own rental car to 
drive to the Renström mine. At the end of the 
week I had to return that car to Skellefteå. 
This fitted perfectly with the best non-study 
related activity I did during my time there. 
A geology day at a historic pegmatite mine 
organized by the geology department of 
Boliden. It is meant for everyone, but espe-
cially school children to familiarize with ge-
ology and mining. There were some interac-
tive games or demonstrations like: finding 
minerals with a metal detector, a volcano 
eruption demonstration and a plate tectonic 

reamers can’t be done any better because of 
the part where changing the drill bit to a big-
ger one is needed. The maximum potential 
improvement was estimated to be 10%. This 
percentage was applied on the average min-
utes per hole needed for each round. 

32 – 50% of the rounds are split up by a 
break (depending on the mine). This shows 
a potential for when the operator leaves the 
machine for a break or shift change. The op-
erator can drill 4 extra holes per boom on 
average when he is absent. After 4 holes a 
drill bit change is needed to minimize the 
risk of breaking one. It showed that per break 
or shift change almost 11 minutes could be 
saved. Unfortunately this can’t be utilized in 
the short term. The current fire safety regu-
lations in these underground mines require 
the operator to turn of the power when he 
leaves the machine.

The final results showed that there are both 
benefits and complications due to automa-
tion of underground face drilling rigs. The 
main benefit is increased revenue. Optimis-
tically an additional revenue of SEK 2.5 mil-
lion (circa EUR 270.000) for Renström, SEK 
3.5 million (circa EUR 370.000) for Kristine-
berg and SEK 0.4 million (circa EUR 43.000) 
for Kankberg can be expected. This resulted 
from 9 potential extra blasts in Renström, 20 
extra in Kristineberg and 2 extra in Kankberg. 
Other benefits are the improved quality of 
drilling, reduced working pressure on the 
operator and improved quality of drilling by 
smoother boom movements and easier posi-
tioning. The last one was observed while un-
derground. The complications are that addi-
tional costs are needed to train the operator 
and a higher risk of breaking a drill bit. 

▲   Figure 5: Inside the cabin of an operator of 
the Rocket Boomer

▲   Figure 6: View from the cabin to a face 
drilled for production

▲   Figure 7: Renske working underground
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Weber Puzzle

Vintage Car Puzzle

Most students are fascinated by cars and some drive around in museum pieces (like a certain Buick). Here you see pictures of eight vehicles from 
factories that have stopped making cars. Can you identify which factory made them? Some you may still have seen around others you may recog-
nise from gangster movies.
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Weber Puzzle Solution

Solution to the puzzle: Where Can (Could) You Pay With These?

The solution to this puzzle is quite simple if you take the Journal of Petroleum Technology with the lists of the monthly oil production results 
of the major oil producing countries (excluding Brazil).

1. Russia    10.13 million barrels in January 2014
2. Saudi Arabia   9.94 million barrels in January 2014
3. U.S.A    8.00 million barrels in January 2014
4. China    4.14 million barrels in January 2014
5. Canada   3.48 million barrels in January 2014
6. Iran    3.27 million barrels in January 2014
7. Iraq    3.12 million barrels in January 2014 
8. United Emirates   2.82 million barrels in January 2014
9. Kuwait    2.65 million barrels in January 2014
10. Mexico   2.54 million barrels in January 2014
11. Nigeria   2.34 million barrels in January 2014
12. Venezuela   2.30 million barrels in January 2014
13. Norway   1.63 million barrels in January 2014
14. Qatar    1.56 million barrels in January 2014
15. Colombia   1.01 million barrels in January 2014
16. Oman   0.96 million barrels in January 2014
17. U.K.    0.83 million barrels in January 2014
18. Indonesia   0.79 million barrels in January 2014
19. Argentina   0.54 million barrels in January 2014
20. Malaysia   0.51 million barrels in January 2014
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Graduation Subjects
Graduation subjects

Name   Date   Subject
Robin Gielisse  30 oktober 2015  Dynamic local grid refinement for incomplete mixing in reservoir simulation (PE)

Bart Smorenburg  13 november 2015  Development of a Performance Envelope for Well Production Analysis;  towards   
      automated  identification of problematic wells (PE)

Diederik Roosegaarde               
Bisschop   17 november 2015  Heavy Mineral Sands Exploration in The Republic of Guinea (RE)

Anas Hassan (Dictor) 20 november 2015  The use of RFID technology to measure dielectric coefficients of diethyl ether-oil-brine   
      mixtures for enhanced imbibtion experiments (PE)

Joël Anker  20 november 2015  A numerical assessment of land reclamation as a strategy for nearshore diamond   
      mining (RE)

Sanjeev Ranjan  27 november 2015  Mechanical modelling of the stress state in a reservoir-scale fold during and after   
      folding (AG)
Marc Broens  7 december 2015  In Situ Microemulsion Formation in Enhanced Oil Recovery (PE)

Dirk-Jan Mollema  9 december 2015  Investigation into simulation based optimization of a continuous mining operation (RE)

Ben van der Kwaak  10 december 2015  Modeling of dynamic pile behaviour during an earthquake using PLAXIS 2D: Embedded  
      beam (row) (GE)

Stefan Peters  15 december 2015  Production Performance of Radial Jet Drilled Laterals in Tight Gas Reservoirs in the   
      Netherlands: A Simulation Approach and Economic Evaluation (PE)

Karunakar Nooney  16 december 2015  Casing Design Methodology for Casing While Drilling (PE)

Rosa Verburg  17 december 2015  Removal of Zinc from Blast Furnace High Zinc Filter Cake,  Subtitle: Conversion of a   
      Waste Stream into a Recyclate (RE)

Leo de Visser  17 december 2015  Application of time-dependent shape functions for modelling the Unsaturated Zone (GE)

George Laskaris  18 december 2015  Effect of surfactant concentration, water treatment chemicals, fatty acids and alcohols   
      on foam behavior in porous media and in bulk (PE)

Petroleum Engineering  (PE)

Reservoir Geology   (RG)

Applied Geophysics  (AG)

Geo-Engineering   (GE)

Resource  Engineering  (RE)

Delft Aardwarmte Project  (DAP)

NR2.indd   38 27-1-2016   8:36:11



 

39

MV Calendar

Colophon
The Natural Resource is the periodical of the Mijnbouwkundige 

Vereeniging, the study association for students of Applied Earth 

Sciences at Delft University of Technology. The periodical is 

released four times a year and is sent to all members of the Mijn-

bouwkundige Vereeniging free of charge.  Furthermore 100 copies 

are used for promotional purposes. Most of these will go to Dutch 

high schools and partners. 

The greatest care has been taken in compiling this magazine. How-

ever, no responsibilty can be accepted by the editorial staff for the 

accuracy of the information presented.  Where opion is expressed, 

it is that of the author and does not necessarily coincide with the 

opinion of the Mijnbouwkundige Vereeniging or the TU Delft. 

No part of this publication may be reproduced or used without 

permission in writing from author and/or the editorial staff.

Press & Printer
Gildeprint Drukkerijen, Enschede

Editorial staff 

Jaap van Duijn

Daniëlla Gur

Raimon van Grootel

Marije van Hell

Jasper Snoeren (QQ)

Caroline Zaal

Contact 

E-mail: NaturalResource-mv@tudelft.nl

Mijnbouwkundige Vereeniging
Faculty  of Civil Engineering and Geosciences 

Stevinweg 1, 01.120

2628 CN Delft

tel. +31 (0)15-2786039

MV@tudelft.nl

www.mv.tudelft.nl

Cover
Photo taken by: Jannie Blok

Location: Grand Canyon, Arizona, USA

Date        Event

 1 februari - 5 februari      Tweedejaarsexcursie

 5 februari       Barbaraborrel      

 25 februari -28 februari      Studytrip Stavanger  

 4 februari       Barbaraborrel

 7 maart – 11 maart      Week bestuur 123

 17 maart        Latex workshop

 1 april        Barbaraborrel

15 april        BLAF                
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