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2 | Editorial

Dear Readers, 

Editorial

Once again, everyone’s favourite season has arrived. A time to enjoy the sun, relax or perhaps 
study for some resits. Whatever you are currently doing, the editorial team wishes you the best of 
luck and congratulates you, as you have survived another year in university.

Hopefully, throughout this years editions of the Natural Resource, we have managed to capture 
the essence of all the activities and parties, so that every member of the Mijnbouwkundige 
Vereeniging sees how this community continuously thrives. I am proud of all the members of this 
current magazine team because, without them, publishing would not have been possible. They 
have done an outstanding job throughout the year.

Despite the lack of in-person meetings, we managed to program two Zoom interviews for this 
edition of the magazine: one to the EPO Board of the next academic year and one to both the 
Commissioner of Education and Warden of the Mijnbouwkundige Vereeniging. A question that 
sometimes drives me hazy is: what would be of the Natural Resource without its photopages? 
For this reason, I would like to thank all the MV members who sent pictures of their favourite 
quarantine activity, as we managed to make a photopage with all your pictures! 

Simon Dehout’s bachelor thesis and the master thesis of Jasper Snoeren have been included in this 
edition in order to display the achievements of our association members. The editorial team would 
like to thank them both for sending their theses summaries, I am sure everyone will enjoy them!

As always, I would like to thank Koen Weber for his quarterly puzzle. We have added the names 
of everyone who submitted their solutions to the puzzle. Do not forget to complete the puzzle as 
soon as possible and to send your answers to our email. If you are the first to send the correct 
answers, you can claim a free crate of beer at the MV room. I would also like to add that you are 
very welcome to send input to our email, which you can find in the last page of the magazine, as 
we always want to improve this beloved miner magazine. 

I would like to end this editorial with my last heartfelt and earnest Glück Auf.

Alonso Ocampo

President of the Natural Resource Committee
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Dear Readers, 

Presidential

Wholesale Banking

World, here I come

What is your equation for progress in this disruptive world? 
Numbers are only digits without the common denominator for 
success – people power. At ING we can help your business thrive
by tapping into technology and innovation while harnessing the 
limitless potential of the human spirit.

ingwb.com/equation

progress = risk assessment + vision

Hopefully this presidential finds you in good health. Now that the faculty has been closed and 
many activities had to be cancelled, I am glad I have the opportunity to reach out to you via our 
beloved Natural Resource Magazine. Over the past months we have done our very best to stay 
connected with you, although this was not always possible in a physical way. Now that we are not 
sure when exactly we will be able to meet with many of you at once, we are happy to hear how 
you are doing and to receive any suggestions on how to keep you involved with us and with each 
other. 

Although our board year was quite a weird one, we have enjoyed it very much. The closing of the 
faculty and the cancellation of our physical activities was a sudden shock and therefore we are 
very happy we got to celebrate our half lustrum right in time. Thanks to our student members 
for joining our online Noorden Evenings. It was a nice way to catch up now that celebrating the 
Wednesdays in het Noorden was not possible anymore. 

We have been thinking a lot about how the next year of Applied Earth Sciences students are going 
to feel connected to our association in this new situation. Luckily, we are becoming increasingly 
positive about the guidelines of the faculty and those considering the first years excursion and the 
future of het Noorden. 

Lastly I would like to thank everyone involved for giving us an amazing board year. Hopefully we 
get to safely meet each other in great numbers again soon. 

A warm and sincere Glück Auf!

Daniël Ernste

President of the Mijnbouwkundige Vereeniging
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Science News

Global quieting of high-
frequency seismic 
noise due to COVID-19 
pandemic lockdown 
measures
May 19, 2020

Human activity causes vibrations that 
propagate into the ground as high-
frequency seismic waves. Measures 
to mitigate the COVID-19 pandemic 
caused widespread changes in human 
activity, leading to a months-long 
reduction in seismic noise of up to 50%. 
The 2020 seismic noise quiet period is 
the longest and most prominent global 
anthropogenic seismic noise reduction 
on record. While the reduction is 
strongest at surface seismometers in 
populated areas, this seismic quiescence 
extends for many kilometers radially 
and hundreds of meters in depth. This 
provides an opportunity to detect subtle 
signals from subsurface seismic sources 
that would have been concealed in 
noisier times and to benchmark sources 
of anthropogenic noise. A strong 
correlation between seismic noise and 
independent measurements of human 
mobility suggests that seismology 
provides an absolute, real-time estimate 
of population dynamics.

Seismometers record signals from more 
than just earthquakes; interactions 
between the solid Earth and fluid bodies, 
such as ocean swell and atmospheric 
pressure. are now commonly used to 
image and monitor the subsurface. 
Human activity is a third source of 
seismic signal. Nuclear explosions and 
fluid injection/extraction result in 
impulsive signals, but everyday human 
activity is recorded as a near-continuous 
signal especially on seismometers in 
urban environments. These complicated 
signals are the superposition of a wide 
variety of activities happening at 
different times and places at or near 
the Earth’s surface, but are typically 
stronger during the day than at night.

https://science.sciencemag.org/content/
early/2020/07/22/science.abd2438.full

Schlumberger introduces Symphony Live downhole reservoir testing
June 30, 2020

Schlumberger introduced Symphony live downhole reservoir testing, a technology platform 
that enables operational control of the downhole testing toolstring to deliver real-time 
downhole measurements. Symphony testing reduces operational time and improves safety 
and efficiency while enabling informed decision making for better reservoir understanding 
and reduced field development planning uncertainty.

Symphony testing unites Muzic wireless telemetry with the downhole string, creating a 
digital solution that enables real-time control of the dynamic range of conditions during well 
testing operations. The digitally enabled toolstring is customized for the test objectives to 
position, isolate, connect, measure, control, sample, select and profile the reservoir with real-
time verification.

“Symphony testing’s digital enablement significantly increases operational control to 
acquire actionable data in real time, saving our customers operational time and achieving 
well test objectives more efficiently,” said Aparna Raman, president, Reservoir Performance, 
Schlumberger. “Our Symphony testing platform is supported by our Performance Live 
digitally connected service that leverages domain expertise, cloud-based applications and 
automated data workflows to enable faster, more informed decision making.”

Extensive qualification of Symphony testing has been conducted offshore Asia, the Middle 
East and the North Sea. In offshore Asia, Symphony testing delivered perforating and well 
testing services in a challenging shallow reservoir. Using wireless control, Symphony testing 
eliminated the potential pumpout of a conventional drillstem testing (DST) toolstring that 
operates with pressure pulses. By quickly modifying test sequences guided by real-time data, 
Symphony testing helped avoid sand production while maintaining a single run, saving the 
operator 24 rig hours.

https://www.worldoil.com/news/2020/6/30/schlumberger-introduces-symphony-live-
downhole-reservoir-testing

USGS Releases First-Ever Comprehensive Geologic Map of the Moon
April 20, 2020

For the first time, the entire lunar surface has been completely mapped and uniformly 
classified by scientists from the USGS Astrogeology Science Center, in collaboration with 
NASA and the Lunar Planetary Institute. the scale is 1:5,000,000. To create the new digital 
map, scientists used information from six Apollo-era regional maps along with updated 
information from recent satellite missions to the moon. The existing historical maps were 
redrawn to align them with the modern data sets, thus preserving previous observations 
and interpretations. Along with merging new and old data, USGS researchers also developed 
a unified description of the stratigraphy, or rock layers, of the moon.
https://www.usgs.gov/news/usgs-releases-first-ever-comprehensive-geologic-map-moon
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B2Gold produces special gold bar to help save Namibian rhinos
July 30, 2020

B2Gold (TSX: BTO) launched a campaign to help support the conservation and protection of critically endangered black rhinos. In 
a press release, the Canadian miner said that the Namibian Rhino Gold Bar initiative will support community-based rangers and 
trackers who protect rhinos in an area of 25,000 square kilometres with no national park status in the southern African country. 
Through the campaign, B2Gold plans to donate 1,000 ounces 
of gold valued at approximately $1.9 million from its Otjikoto 
Mine in north-central Namibia. “B2Gold has produced 1,000 
limited-edition Namibian Rhino Gold Bars in various sizes. 
To celebrate the launch of the campaign in North America, 
400 one-ounce gold bars will go on sale on Kitco Metals’ 
retail website on July 31,” the media brief reads. “Each one-
ounce bar is available for purchase at the spot price of gold 
plus a 15% conservation premium.” The 15% premium will 
support rangers, trackers, and black rhino conservation and 
protection. It will be used to fund the future production of 
more gold bars, or gold medallions, the second limited edition 
of which will be distinctly different from the first mintage, so 
that this initiative remains self-sustaining. 
https://www.mining.com/b2gold-produces-special-gold-bars-
to-help-save-namibian-rhinos/

UAE probe aims for Mars—and 
payoffs on Earth
July 10, 2020 

On 15 July, the Emirates Mars Mission (EMM)—
also known as the Hope satellite—is set to launch 
on a Japanese rocket, arriving at the Red Planet 
in February 2021. Most of the six spacecraft now 
at Mars are in polar orbits that only offer views of 
the surface at fixed times of day. But Hope will be 
inserted into an inclined orbit that provides a view 
of any given point at a different time on each orbit. 
A camera and infrared spectrometer will collect 
data about dust, moisture, and ozone in the lower 
atmosphere, while an ultraviolet spectrometer will 
measure carbon monoxide, hydrogen, and oxygen 
in the upper atmosphere. The data will fill in gaps 
in global climate models (GCMs)of the martian 
atmosphere  that rely on basic physical laws to make 
predictions about the weather and climate. Yet at 
Mars, “we observe some processes which we cannot 
represent using our universal equations,”  Francois 
Forget of the  Laboratory of Dynamic Meteorology 
says. 

https://sci-hub.st/10.1126/science.369.6500.127

3-billion-year-old rocks reveal just how 
dramatically different earth once was.
March 2, 2020

3.24 billion years old rock samples retrieved from the Panorama 
District in Western Australia, have been studied in search for 
traces of their interaction with ancient oceanic water by a team 
lead by author Benjamin Johnson, assistant professor Iowa State 
University. It was found that rocks “remember” signatures of the 
early ocean in levels of oxygen isotope Oxygen-18. Modern oceans 
are enriched in this isotope, too, but the data reveals that these 
early oceans had significantly higher levels of the isotope.
As levels of the isotope in the seawater decreased over time, 
the levels of in marine sediments increased. This relation led 
researchers to propose that a period of continental weathering 
occurring some 3 to 2.5 billion years ago brought the isotope levels 
to those of today’s oceans. And while the results suggest the Earth 
was primarily ocean, there may have been some tiny continents 
afloat, too, study coauthor Boswell Wing, associate professor at the 
University of Colorado confirms. Understanding the mechanisms 
in Earth’s origin could enable scientists to grasp how other planets 
evolve over time, and whether they could bear ideal conditions for 
life, too.
https://www.inverse.com/science/3-billion-year-old-rocks-reveal-
just-how-dramatically-different-earth-once-was
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WW

do with the study, like management 
and communication skills.
Guus: Another reason to be board 
was that I wanted to have another 
drinking year before I became 
serious during my masters.

What do you do with your free 
time?
Guus: I’m currently working half 
of the time and I tried to apply for 
a job at Ikea, but sadly that didn’t 
work out. In order to stay fit I 
started sporting again, but besides 
those things not that much exciting 
stuff.
Claire: For me there’s still quite a 
lot of educational things that are 
going on in the background, like 
the master redesign. And I also got 
a job at the quality insurance of the 
faculty for about 15 hours per week. 
And like some other people, I took 
on a new hobby, it’s called “quilling” 
and it’s a lot of fun.

How did you feel about the first 
years calling you ‘mommy’ and 
‘daddy’ during the bachelor trip?
Claire: A bit awkward to be honest, 
I thought it was funny, because 
during the trip we were like the 
mommy and daddy leading a bunch 
of students. There were like twelve 
or thirteen first and second year 
students and there are families of 
that size, so I think it was funny to 
see us walking around.

Board Highlighted

How would you describe your 
fellow board members as bachelor 
courses?
Guus: I don’t know any bachelor 
courses anymore, it’s almost a whole 
year ago! I remember that math 5 is 
a pain in the ass, so nobody would 
be Math 5.
Claire: I also don’t know anything 
anymore about the bachelor 
courses.
(NRC shames Claire for not knowing 
bachelor courses as the Commissioner 
of Education)
Claire: I would say Jakob is probably 
something like linear algebra, 
because he has a set of guidelines. 
You just have to remember a bunch 
of guidelines and then you can 
understand him. I would say Daniël 
is Vesc, the Geological Fieldwork 
in your second year, you do a lot of 
work, but you actually drink a lot 
too. Then Frederieke, she might be 
Physical Transport Phenomena, 
since she is very structured and a 
bit old school.
Guus: I’m Calculus 1 because I’m 

easy, and Claire is the Bachelor 
Thesis because she is complicated.
Claire: Or Instrumentation 
and Signals because nobody 
understands me and I give mixed 
signals.

What are your plans for next 
year?
Guus: Claire chose Applied 
Geophysics and I copied her. I 
think it’s a nice mix of maths and 
programming.
Claire: It also sounds the coolest.

Why did you want to be board?
Guus: I thought the chances for me 
to become board were higher the 
year before this one, however, I 
didn’t get asked. Afterwards, I was 
actually asked and thought why 
not? 
Claire: I was very hopeful to be 
board, I didn’t want to start with 
my master yet, and I was really 
glad when I became part of the 
128th board. You learn a lot of 
useful skills that have nothing to 

IntroducIng to you, the

of the 128th board 

Commissioner of eduCation

Warden of ‘Het noorden’

&Claire mulder Guus HooGeWerf

Claire refuses to be transported in anything below busi-
ness class and cars with a high entry. Guus is from the 
windmill capital. Quite the opposite you would say, but 

they go together as Claire’s weird vegetarian dish and the 
canned cherries she uses as an ingredient for said dish. 

This is their story.
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Guus, do you think you will improve your time 
drinking the yard again when the next Warden takes 
over?
My first time wasn’t too bad (31s) and the second was 
a bit slower (38s). However, I’m convinced l will be 
faster next time. I have a ritual for those kinds of days, 
I start my day by drinking a lot of water, and that kind 
of stretches your stomach. After this you quit drinking 
water and start eating really light stuff like lettuce. My 
yard times proofs that this works.

Claire, what would you change within the study or in 
the faculty?
There are some small things that you could change, but 
not really one big thing. I do think in the trend of what’s 
happening now, a lot more courses could have their 
lectures recorded. Some people are scared that students 
will skip lectures since they are online anyway, of course 
that is a probability, but a lot of studies do have recorded 
lectures that you can find online and AES only has a few 
courses for which this is the case.

What’s something you always wanted to learn?
Claire: I would love to be able to speak a third language 
fluently, like Chinese or Spanish (or vanish). To be honest 
I don’t think I would put in enough effort to be able to do 
that, but if I could speak a new language perfectly fluent 
at one, that would be awesome.
Guus: I think I know everything already, but maybe 
playing the piano would be nice to learn. That’s 
something fun that you can show off at a party.

Have you ever had an interview before?
Guus: I’ve been on the national television of Suriname, it 
was for a minor about a research project on agriculture.
Two days before we left a guy we met there came to me 
and he said ‘I’m going to be on television tomorrow can 
you join?” and I thought ‘sure’.  When I got there, a lady 
put some makeup on my face and then I was live. It’s on 
youtube, you should check it out.

What’s something the other person is good or bad at?
Claire: One thing that Guus is really good at is being 
very confident about himself and the bad part is it is 
extremely annoying that he is so confident. It really 
grinds my gears sometimes.
Guus: Claire is really good at saying what she thinks, 
when she thinks something or has an opinion about 
something, she will tell you. On the other hand, a thing 
that Claire isn’t so good at is that when something 
happens, whether it’s good or bad, she can think about 
it for ages, a week later Claire is still caught up about it. 

What’s something you wanted to do in your student 
time?
Guus: At the moment we are all in quarantaine and I 
don’t have that much to do, so I bought a DJ controller, 
so I want to become a DJ now. 
Claire: What’s going to be your DJ name?
NRC: DJ Guustaaf? 

We miss everyone, even the 
ones just asking for the coffee 

card
“ “

Guus:  Yeah definitely.
NRC: What’s the deal with Guusstaaf? 
(Guus clearly gets uncomfortable and doesn’t want to 
answer)

Do you have any fun facts about yourself?
Claire: I do but I’m not doing to show you now.
(Knowing her skill already, the NRC is very disappointed 
Claire won’t walk on her hands in front of her webcam) 
How long did it take for you to learn to walk on your 
hands?
Claire: Well I did gymnastics as a kid and I think I could 
walk on my hands for like two minutes back then. Now I 
can do it for 10 seconds or so.
Guus: For two weeks I have been trying to walk on my 
hands too, however I haven’t been very successful yet. 
It’s something I wanted to learn during my board year, I 
saw Claire do it and I thought that would be a fun thing 
to be able to do.
So when this edition of the NR is published you can do it?
Guus: Yea let’s go

What’s a thing you did in your board year you’re most 
proud of?
Guus: Not gaining weight, in the beginning I did gain a 
little bit but during the rest of the year I didn’t. 
Claire: Our board year kind of stopped halfway March 
so we didn’t experience everything and I could never 
know if we would have organised something more fun 
but for me, organising the bachelors trip was the most 
fun. During the whole trip no one complained about 
anything, it was very satisfying to know everybody had 
a great time.

Guus, describe your ideal Noorden evening in 128 words
Drinking x 105, a story by Daniel, Glück Auf, Glück Auf, 
Glück Auf, Noordenhap at the end and maybe one or two 
yards in there too.

Do you want to say something to the rest of the MV?
Claire: That we miss everyone.
Guus: Even the ones just asking for the coffee card
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It has been more than a year ago when I started with the final part of my study, 
a master thesis at the geo-engineering section. After some meetings with my 
supervisors from Witteveen+Bos and the TU Delft the subject became the influence 
of freezing-thawing cycles around energy piles. This shallow geothermal technique 
is still a bit unknown, but it is definitely getting more attention for its sustainable 
and economic potential. It is also a broad topic, which made it hard for me to narrow 
it down to cover everything in here, but I am sure I can give you a good idea about 
my thesis project.

Another requirement of the system 
is that it should match the peak heat 
demand during the coldest days such 
that an additional heat source is not 
necessary. This could be done by 
creating higher temperature gradients 
between the soil and the fluid pipes and 
allowing subzero fluid temperatures for 
the extra latent heat. This is where my 
thesis comes in. By using this approach, 
the necessary pipe depth could also 
be reduced. However, according to 
literature (Brandl (2006) and Knellwolf 
et al. (2011)) subzero temperatures 
should be avoided to prevent freeze-
thaw phenomena and changes in 
engineering properties of the soil. 
Therefore, most guidelines recommend 
not to go below a certain fluid 
temperature. The main concerns are 
the deterioration of the shaft resistance, 
reduction of the bearing capacity and 
high thermal stresses within the pile. 
A clear evidence on the mentioned 
processes on the consequences of 
freezing-thawing cycles is missing. So 
four questions were addressed in the 
thesis: 

1. What is the likelihood of freezing 
around an energy pile?
2. What is the influence of freezing-
thawing on the concrete material?
3. How can these processes be quantified 
in terms of change in geotechnical pile 
behaviour?
4. To what range is it possible to 
incorporate these quantifications in 
the pile design approach or to give an 
indication for limiting situations?

To solve these questions three aspects 
are pointed out:

Thermal analysis
Of course it is important to know at 
what circumstances these phenomena 
might occur and also where they 
occur. For this  thermal analysis a pile 
group simulation and a detailed single 
pile analysis is performed in COMSOL 
Multiphysics. The study is based on 
the assumption of a simplified pile plan 
for a semi-detached house and its heat 

The difference with ordinary 
foundation piles is that energy piles 
have additional pipes within the 
concrete for the circulation of fluid, 
see Figure 1. There are also many other 
types of shallow geothermal techniques, 
which also make use of the thermal 
capacity of the subsoil until a depth of 
around 200 m. When depth increases 
we call it deep geothermal (2-4 km) or 
even ultra-deep (>4 km). More examples 
of shallow techniques are shown in 
Figure 2. 
  

 ▲ Figure 1. Energy pile with three 
u-tubes (Olgun et al., 2015)

Many constructions contain a pile 
foundation in the Western part of 
the Netherlands. By using energy 
piles a significant amount of the heat 
and cool demand could be covered. 
The main advantage of the system is 
that thermal energy for heating and 
cooling of a structure can be stored 
in the ground for later use. Since the 
temperature in the shallow subsoil is 
too low (+- 12 ºC) to be directly used 
for household heating, a heat pump 
is necessary to take care of the lift of 
fluid temperatures, but also for cooling 
by reversing the process, i.e. heating 
the subsoil. The bottleneck of the 
technique arises when we look at the 
difference with energy piles compared 
to other existing geothermal sources. 
Not only a thermal load is applied to 
the system, but it also needs to fulfil 
its main goal, bearing the mechanical 
load of the construction! This double 
function creates some uncertain 
cyclic pile and soil behaviour, which 
could affect the performance of the 
foundation. This performance means 
that the resistance of the pile tip plus 
the positive resistance of the shaft are 
sufficient to carry both loads. Moreover, 
the capacity of a pile foundation also 
has to be corrected for layers that might 
move relatively downward to the pile, 
i.e. mostly soft layers that consolidate 

over longer times. 
This is the negative 
shaft resistance 
and has to be 
subtracted from 
the total resistance. 
The point at which 
the negative and 
positive meet is 
called the neutral 
point. See Figure 3.

 ▼ Figure 2. Shallow 
geothermal sources 
(Loveridge and 
Powrie, 2012)

Master Thesis
 ▼   Figure 3. (a) Position of neutral plane, (b) settlements 

pile and soil, (c) No negative skin friction, (d) negative 
skin friction (Briaud,2013)

Master Thesis:
The Influence of Freez-
ing-thawing Cycles on the 
Geotechnical performance 
of an End-bearing Energy 
Pile
By J. Snoeren
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demand (1.0Q), see Figure 4 and 5. The 
heat extraction by the fluid in the 
heat pipes is simplified by considering 
a heat flux on the surface of all the 
piles. By enabling phase change in 
the soil domain the introduction of 
latent heat is possible around a specific 
freezing point. This will give a sort of 
extra capacity (advantage) of the soil to 
store heat. A more detailed single pile 
analysis with pipes is also performed 
in the thesis, but will not be discussed 
here. Also the influence of daily cycles 
and the thermal resistance of the 
concrete pile will not be visible.
 

 ▼ Figure 5. Geometry and top view 
COMSOL pile group model

The soil stratigraphy is simplified and 
based on the Western part of the 
Netherlands. Typical heat extraction for 
this specific case, i.e. long-term average 
amount of 7 W/m (1.0Q), for 7 years 
did not result in freezing temperatures 
at the edge of the most critical piles. 
Freezing occurred after an increased 
heat extraction until 10 W/m (1.5Q).

Frost resistance of concrete
The basic process of frost action is 
initiated by water present in the 
concrete pores that is able to expand 

beyond the constraints and exceeds 
the tensile strength of the concrete 
during freezing (< -3 ºC). When the 
pressure, generated as result of 
freezing, accumulates every cycle due 
to a higher saturation, it can cause more 
permanent damage on the concrete 
structure (Sahin et al., 2007). The 
resistance to this process is dependent 
on the mixture of the concrete material 
and the temperature ranges it is 
exposed to. A high water-cement ratio 
is the main cause of the increase in frost 
susceptibility. More air entrainment 
agents could help to reduce this 
susceptibility by lowering the capillary 
forces with air voids. These voids 
also help to release pressure in case 
freezing occurs, so no tensile stress in 
the concrete could occur and thereby no 
internal cracks.

Geotechnical analysis
The geotechnical analysis is assessed 
in an axisymmetric model in Plaxis 
2D with and without a fully-coupled 
thermo-hydro-mechanical (THM) 
module due to its multi-physical 
behaviour, see Figure 7. The first set 
of analyses with THM examines the 
influence of expansion and contraction 

of materials including phase 
changes, but without changes 
in soil mechanical and physical 
properties. The second set 
simulates the impact of the 
soil strength and stiffness due 
to a freezing-thawing cycle. 
An example of the results of 
the second set is depicted in 
Figure 8 and 9 in terms of 
load-displacement curves. 
These curves describe the 
displacement of the pile head 

under a certain load in three situations 
(reference, frozen and thawed). Since 
most of the freezing-thawing takes 
place along the shaft of the pile, it 
mainly affects the cohesion of the 
soft layers after thawing. The results 
indicated that effective cohesion is most 
influencing the pile behaviour and it 
indicates that no need exist to change 
the design approach of end-bearing 
piles as long as the potential negative 
shaft resistance along the pile over 
all layers above the bearing layer is 
included in the design calculation and is 
considered fully mobilized.

 ▲ Figure 7. Modelling domain in Plaxis 
with thermal and displacement 
boundary conditions 

 ▲ Figure 8. Influence of cohesion and 
stiffness of clay layer 1

 ▲ Figure 9. Influence of cohesion and 
stiffness of all layers

Currently a big research project at 
Delft University of Technology is also 
conducted on energy piles including 
numerical, laboratory and full-scale 
test. The main objective here is to 
capture the behaviour of thermal cyclic 
loading and create a guideline for the 
Dutch construction industry. If you 
are interested this project, but also in 
other  geothermal developments at TU 
Delft, visit the Geothermal Science and 
Engineering page here: 
https://www.tudelft.nl/citg/over-faculteit/
afdelingen/geoscience-engineering/research/
g e o t h e r m a l /g e o t h e r m a l - s c i e n c e - a n d -
engineering/. 

 ▲ Figure 4. Semi-detached house
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 ▼ Figure 6. Average temperature at the pile 
edge of pile 6 in the first clay layer
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With this being our fourth and last 
edition of our beloved magazine, 
us of the editorial board want to 
express our appreciation to you, 
our readers. 
 
Just last June, we were asked to 
meet at a cafe in Delft and take 
on this interesting and fun journey. 
Three girls: Melissa, Esther and I, 
which have just finished our second 
year, and the boys: Alonso and 
Max, who have been working on 
their thesis. All of us have been 
working throughout the year on 
continuing the magazine, which, in 
my honest opinion, is the pride of 
our association. This, of course, 
has been very rewarding since the 
start of the academic year.
  
We dediced to bond and prepare 
for the year ahead early by going 
for a policy weekend in October, 
to Ghent. There we shared a nice 
attic also with Daniel, from the 
current board, and together came 
up with our tactic, as a whole. All 
the productivity happens only after 
unwillingly buying a bottle of Dom 
Perignon at a club, a mystery for 
us up to this day.
  
Later in the year, in February, 
it was time for highly anticipated 
25th Half Lustrum, organised 
by the Haluco. We helped by 

taking pictures at most of the 
events, however, we did manage 
to enjoy them on the sidelines!  
By March, of course, came the 
lockdown which did not stop us 
from completing the third edition. 
While preparing it, we got to go 
through all the pictures from the 
Half Lustrum, which admittedly 
had us longing for those great 
times when all of miners could 
gather and party, Glück Auf style.  
The making of the edition you 
are currently reading has been 
different, understandably, but 
we hope you enjoy reading our 
updates on the association, the 
science news, and the photopages.  
We also want to wish the best of 
fun to the future editorial board 
who will be starting this September.  
 
Speaking more personally, I have 
been more than happy to work on 
this project, and be an active part 
of this great association. I’m sure 
my colleagues would agree. 
 
Stay safe and more importantly,  

Glück Auf
Anna Gatti (secretary) 
Alonso Ocampo (president)
Esther Zijlstra (reporter) 
Max Hertogs (editor)
Melissa Markus (editor)

 ▲ Figure 1: NRC poses with their favourite 
computer font. 

 ▲ Figure 2: Alonso and Anna try to spell NRC

 ▲ Figure 3: Shenanigans at Ghent

 ▲ Figure 4: Max getting 
slightly lost in Ghent

 ▲ Figure 5: NRC enjoys extended Noordenavond.  ▲ Figure 7: NRC enjoys extended Noordenavond.

 ▲ Figure 6:  Klimt, G. (1908). The Kiss.  [Oil on 
board] possible description for Daniel’s and 
Alonso’s picture 

 ▲ Figure 8: More adventures in Ghent
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Lunar Regolith (soil of interest)
The lunar surface is composed of two significant features which are the Highlands and Maria. During the Moon’s early life, an intensive 
bombardment of meteorites from the Highlands, which are severed damaged cratered regions of superior heights and visible from Earth 
with its strong brightness. The Maria are darker basaltic regions, smooth and visible as the dark spots from Earth, which were originally 
formed by previous volcanic activity. 
Regolith is first of all a terrestrial term, also used to describe loose soil present on the surface of the Moon and Mars (Regolith, 2019). It has 
been defined by Bates and Jackson (1980) as a general term for the layer of fragmental and unlithified rock material, whether residual 
or transported and of highly varied character, which made up almost entirely the surface of the land and overlies or covers bedrock. It 
includes fine rock debris of all kind, including volcanic ash, other weathered rocked. In the case of lunar regolith, it is mainly a result from 
continuous meteoroids and steady bombardment of the lunar surface. 

Figure 2, displays the first visualization 
of a human extracting a core-tube from 
the lunar regolith from the Apollo 
11 mission. This was the first mission 
where astronauts safely landed on the 
Moon’s surface and were able to collect 
lunar soil samples (regolith). 

Bachelor Thesis

The purpose of this Bachelor End Project is to investigate and create a deeper understanding of 
the stability of slopes under low gravities. This project focuses on slopes which are under lunar 
conditions and made of the first layer of soil, called lunar regolith, which covers the Moon’s surface. 
The project focuses on the Moon’s regolith to build a deeper understanding of the soil’s behaviour. 
The report begins with the context of the research followed by a description of the geotechnical 
properties of the lunar regolith. Experimental data of lunar regolith with changes in apparent gravity 
is then covered such that it can be used in the final part of the report which will apply the effect of a 
varying apparent gravity in a slope stability model.

Motivation
With technology on the rise and the hunger for more, people’s interest to explore space and colonize other planets increases 
simultaneously. However, space exploration involving astronauts have not occurred since Gene Cernan last stepped on the Moon in 
December 1972. 
Due to the interest in the behaviour of lunar soils, the soils were extracted such that further testing and analysis could be done. Today, 
thanks to the technologies available it is possible to predict how extra-terrestrial soil will behave in low gravity environment. 
One of the first things to do when planning building a stationary habitat on extra-terrestrial planets will be the excavation of the soil. 
The excavations will not only help to build reliable and stable foundation or to allow possible mines to be created, but it will especially 
help protect the premade habitat from cosmic radiations (Williams, 2016). One of the biggest constraints of exploring and possibly 
living on the Moon is the fact that the Earth’s natural satellite is dangerously exposed to cosmic radiations and solar flares. Even worse, 
when those cosmic rays tend to reflect off the ground it creates a dangerous spray secondary particles which can turn out to be very 
harmful and cancerogenous (Barry, 2005).  This will cause major problems to the human health and therefore will impact the way 
living infrastructure will be developed on the Moon. The three main types of radiations occurring on the Moon surface are: solar wind, 
solar-flare-associated particles and galactic cosmic. This leads to the idea of habitats placed in the subsurface, which would reduce the 
radiation impacts to the human health (Lewis, 2018).  

By S. Dehout

 ▲ Figure 1: General lithological column of the moon 
      (Namdeo et al. 2017).

Bachelor Thesis: Impact of low-gravity environment 
on slope stability

 ▲ Figure 2: Photograph of core tube sample from Apollo 11 (1969) (NASA Photo S-69-
45048) (left) & Astronaut driving the core tube into the Moon’s surface at Apollo 11 
landing site (NASA Photo AS-11-40-5964) (right) (Heiken et al., 1991).
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Formation cycle of lunar regolith: 
The regolith formation cycle begins when the bedrock is first 
exposed to the surface: meteorites are directly able to impact 
the bedrock and begin to dig it out, creating a thin layer of 
debris and unlithified soil called regolith. As impacts continue 
and the thickness increases to approximately a meter, only the 
less recurrent larger impacts penetrate the regolith, breaking 
and bringing up new bedrock. In the later formation stages, 
the small impacts will tend to mix with the regolith and help 
the thickness of the layer slowly increase. (Heiken et al., 1991)

Geotechnical properties
The most relevant properties of the lunar regolith are the bulk 
density (ρ), the cohesion (c), and the friction angle (Φ). A good 
knowledge of c and Φ is important because their individual 
values directly reflect the density and the strength of the 
soil. Furthermore, the soil strength will be the controlling 
factor of the maximum slope angle, the bearing capacity of 
the surface, hence its resistance to failure (Mitchell, 1972). 
Prior to some of the first surface landing on the Moon, some 
physical properties of the lunar regolith were captured using 
remote sensing from the Earth and from the Moon’s orbit. 
Later those values are compared with the recorded data from 
the soil cores brought back to Earth for further testing and 
Table 2 could be created with the best estimates of the in situ 
properties of the lunar soil. 

It has been found that it is composed of five basic particle 
types: crystalline rock fragments, mineral fragments, breccia, 
agglutinates and volcanic glasses (Heiken et al., 1991).
The constant impact of meteorites has led the regolith to be 
a well-graded silty sand that has reached a “steady state” in 
thickness, particle size distribution and other properties at the 
most of the Moon’s surface. Figure 3 shows this steady state 
of properties of the lunar regolith by displaying four grain 
size distribution curves coming from different location on the 
Moon, two from the Mare (Maria) and two from the Massif 
(Highlands). 

Combining the data from the Apollo and Lunkhod missions, Table 
3 summarizes all the best estimates of the cohesion and friction 
angle of the lunar soil according to depth. 

Due to the lack pure lunar regolith samples and how valuable 
they are, the best way to experiment on the lunar soil is to 
recreate it by making a simulant. Simulants are produced in large 
quantities to satisfy the needs of various scientific and engineering 
investigations, as it was expected to return to the Moon in the near 
future. The simulant’s chemical composition, mineralogy, particle 
size distribution, specific gravity, friction angle, and cohesion are 
characterized and are aimed to fit within the ranges of the pure 
regolith samples originating from the Moon (McKay et al., 1994).

Experimental methods on lunar soils 
Different methods were preformed to measure the geotechnical 
properties of soils under different gravities. This section will 
explain two methods which differently simulated changes in 
gravity.

Parabolic flight method
Figure 4 displays the flight path of an airplane which proceeded 
to make a parabolic flight sequence in order to generate apparent 
gravity conditions of zero, one-sixth, one half and twice terrestrial 
gravities (1G = 9.81 (-)). 

Each of the gravity condition were maintained 
for 20s, such that different mechanical tests could be performed on 
the lunar simulants to measure their bearing capacity. (Kobayashi 
et al., 2009) (Bui, 2009). 

Bachelor Thesis

Property Moon Earth

Mass 7.353 x 1022 kg 5.976 x 1024 kg

Radius (spherical) 1738 km 6371 km

Surface Area 37.9 x 106 km2 510.1 x 106 km2

Mean density 3.34 g/cm3 5.517 g/cm3

Gravity at equator 1.62 m/sec2 9.81 m/sec2

Depth range 
(cm)

Bulk density 
(g/cm3)

Average 
porosity, n (%)

Average 
void ratio, e

0-60 1.61-1.71 46 +/- 2 0.87 +/- 0.07

Table 2: Best estimates of lunar soil in situ properties (Heiken et al., 1991).

Figure 3: Cumulative 
size-frequency diagram 
for typical lunar soil 
samples. Data are shown 
as cumulative percent 
by weight greater than a 
given particle size. (Agg. 
refers to the agglutinate 
content of each sample) 
(Heiken et al., 1991).

Depth range (cm) Cohesion, c (kPa) Friction angle, φ (degrees)

0-60 1.6 49

Table 3: Recommended typical values of lunar soil cohesion and friction 
angle according to depth (Heiken et al, 1991).

Table 1: Physical properties of interest between the moon and mars. 

   Figure 4: Trajectory 
of the airplane to 
simulate different 
gravity conditions 
(Kobayashi, 2009).

 ▲ Figure 5: Trajectory of the airplane to simulate different gravity 
conditions (Kobayashi, 2009).

 
▲

 
 

▲
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From Figure 8, the peak and ultimate shear resistances can be 
read at the range of 8-11 mm of shear displacement. It is clear 
from the same graph that the peak shear stress under the 1/6G 
condition was smaller than that with 1G. However, it seems 
that the fine particle simulant (TYII-2) isn’t as affected as its 
neighbour by changes in apparent gravity. 

The tables above are the results (only cohesion, friction 
angle with the bulk density used) from Zou’s experiment 
with a changing gravity. A trend which can be noticed, is the 
decreasing values of c with regards to the decreasing gravity 
with both conditions.
 

Slope Stability analysis using the Fellenius’ 
method. 

Equation for the Factor of safety of the slope. 

The properties used for the lunar soil in the slope model were 
chosen from Meng Zou’s (2015) from the inclination method 
experiments on regolith simulant.  The slope model consisted of 
a width of 20m, a height of 10m and a slope angle of 26.50 (α). 
Results of the slope stability model for the soil conditions:

 ▲ Figure 6: Trajectory of the airplane to simulate different 
gravity conditions (Kobayashi, 2009).

 ▲ Figure 7: Trajectory of the airplane to simulate different gravity 
conditions (Kobayashi, 2009).

 ▲ Figure 8: Trajectory of the airplane to simulate different gravity 
conditions (Kobayashi, 2009).

New inclination method
The inclination method was created such that different 
apparent gravities could be simulated in a lab on Earth, as 
the parabolic flight method is limited by short valid time, 
equipment stability problems and its difficultly to reproduce it. 
The next schematic figure illustrates the gravity component for 
the regolith particle. 

Based on the component force principle, the gravitational 
force component (mg) of the regolith particles was resolved 
using the lateral force (mg*cosθ) and axial force component 
(mg*sinθ). The lateral force being along the vertical incline 
surface and the axial force being along the horizontal incline 
surface. Low gravity conditions were simulated by alternating 
the tilt angle of the horizontal surface as shown in Figure 6.  
In order to simulate a gravity of 1/2G, the tilt angle was set to 
be 30˚ and it was then changed to 9.5˚ such that gravity of the 
lunar environment of 1/6G could be simulated. Force sensors 
were further used to measure the axial and lateral stress in the 
simulant soils, as displayed in grey dots on the schematic from 
above. 
The first figure below shows how much bigger the shear stress 
was for regolith under 1G condition. 

Soil properties
Compact lunar 

regolith on 
Moon (1/6G)

1/4G 1/3G 1/2G
on Earth 

(1G)

g (m/s2nrc 1.635 2.45 3.27 4.905 9.81

Cohesion (c) (kPa) 4.59 5.59 7.46 7.63 8.27

Friction angle (φ) 36.9 34.7 34.8 37.8 36.3

Bulk density (kg/m3) 1.23

Soil properties
Compact lunar 

regolith on 
Moon (1/6G)

1/4G 1/3G 1/2G
on Earth 

(1G)

g (m/s2) 1.63 2.45 3.27 4.905 9.81

Cohesion (c) (kPa) 0.29 2.36 2.5 2.88 2.92

Friction angle (φ) 30.6 30.1 33.2 33.2 36.4

Bulk density (kg/m3) 1.23

Table 4:Lunar soil properties used for the slope 
stability analysis for the loose condition

Table 5: Lunar soil properties used for the slope 
stability analysis for the compact condition.
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As the results showed, an increase 
in gravity seems to have different 
effects on the factor of safety (FOS) of 
the slope made of loose and compact 
lunar regolith. 
The first thing to notice is that the 
factor of safety is drastically larger for 
compact than the loose regolith. This 
is due to the fact that compact soils 
have higher internal friction angle.
The FOS of the slope made of loose 
regolith seems to have a parabolic 
correlation to the gravity, as Figure 9 
displays. Figure 9 also demonstrates 
that the stability of the slope is higher 
on Earth than on the Moon. This is 
due to the fact that the soils weight is 
too light to support its self as gravity 
is smaller. Therefore, a higher vertical 
slope could lead faster to failure on 
the Moon rather than on Earth. As 
the stability of a slope depends on 
both the weight above the potential 
sliding surface and the strength of the 
material. In the case of loose soils, the 
effect of the strength is predominant, 
such that an increase in gravity leads 
an increase in the FOS.
On the righthand side, in Figure 10 
the slope of compact soil behaves 
quite differently as it is be more 
stable on the Moon than on Earth. 
This might be due to the higher 

 ▲ Figure 9: TFOS against gravity for slope of 
loose regolith.

 ▲ Figure 10: FOS against gravity for slope 
of compact regolith.

cohesion of the compact regolith, 
which makes the soil of the slope 
much stronger than the loose one. 
Since the soil is stronger, the small 
gravity of the Moon won’t have as 
such impact on the slope stability 
and since the weight of the soil is 
larger is on Earth with a higher G, it 
will have more problem to support 
its own weight when dealing with 
a higher vertical slope and bigger 
slope angle. 

Discussion
The parabolic flights experiment 
strictly shows that soil strength 
of lunar regolith changes 
proportionally to gravity, which 
would therefore mean that lunar 
soils would be weaker in lunar 
conditions. Similar results were 
found with the inclination method, 
except when the lunar simulant was 
compact. 
This is also displayed using the slope 
stability analysis, where the slope 
made of compact regolith simulant 
is less stable on Earth then on 
Moon. However, since the Fellenius’ 
method is used and shear strength 
between the slices is not taken 
into account together with the fact 
lunar simulant is used, the model is 
not the most accurate. But it is clear 

that gravity has a high impact on the 
stability of a slope in lunar conditions. 

Conclusion
Results showed that the cohesion 
of the simulant would decrease 
according to the gravity, but that 
the effect of gravity was found to be 
negligible on the internal friction 
angle. The results from the inclination 
method to simulate apparent gravity 
were used in the slope stability 
model. Using the Fellenius method, 
the results indicated that a slope of 
loose regolith simulant under lunar 
condition would be less stable than 
under Earth’s condition.
On the other hand, the slope stability 
model suggested that for compact 
regolith simulant the factor of 
safety was smaller on Earth than on 
the Moon’s surface. More tests on 
actual lunar regolith, rather than its 
simulants should be carried on to 
prove this result. However, the results 
of this study have generally showed 
that the strength of lunar regolith 
soil and a slope made of it, generally 
decreases with gravity.
This is a short overview my research 
project written last year, if any of you 
would like to discuss it in details or 
have any additional information, feel 
free to contact me @: simon.dehout@
gmail.com .
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EPO Board Interview

Meet the  129TH EPO Board

Lonneke, what kind of drink gives you 
nightmares?
I think that would be tequila because I 
went really bad on it when I did tequila 
suicide once. It was horrible.

Hein, how would you describe the rest 
of the board as drinks?
Lonneke is the easiest one, you only 
have to look at her surname to find that 
one out, for Max it has to be something 
strong and big so he would be a Grolsch 
Kanon and Floris probably vodka 
energy, we all know why. Since Jolijn 
will be commissioner of education she 
should be Heineken 0.0 or otherwise a 
rosé, depends on the occasion
Lonneke: I think you are a rosé too, 
Hein, you always want to drink rosé.

Max, what’s your favourite MV 
activity?
Apart from committee activities, like a 
committee weekend, I really enjoy the 
annual yeardrinks, getting completely 
wasted with the students from your 
year and making a competition out of it. 

Floris, what are you going to spend 
extra money on?
Pimping up the MV room of course.

Jolijn, what’s something you think is 
really good about our study program?
One thing that’s good is that there is a 
variety of courses, it’s pretty diverse, so 
you really get to find out what you like 
best.

Given the current situation with 
corona, do you have any idea how next 
year is going to be?
Hein: So far we heard they want to 
allow one year into the building per day, 
so each year gets a different day of the 
week to go the the faculty. That means 
that we are going to see people on the 
faculty, so we’re really glad about that. 
Our goal is to still be able to organise 
events as usual but then corona proof.
Jolijn: And we want to make a lot of 
vlogs. 
Lonneke: Maybe we will be able to have 
drinks in Het Noorden with committees, 
but we haven’t worked that out yet.

How did all of you feel when you got 
asked to be part of the new board?
Hein: I thought it would be a nice 
challenge, especially now with the 
coronavirus.
Jolijn: I was very suprised, I got home 
and my housemates were acting weird 
and then I saw this bird in my room.
Lonneke: Since I’m currently in my 
second year it was also a surprise for me, 
so when I went to my parent’s house for 
about four days Frederieke called me to 
tell me they left something in my room 
and that I should go check on it because 
it was something alive. I now have the 
bird in a birdcage in my room along with 
Jolijns bird, their names are Tweety and 
Richard.
Max: I was a bit mad at first because my 
whole room was trashed, but when I 
knew why and with whom I got asked I 
was excited.
Floris: I was very surprised, because 
I thought that the board was already 
asked, but it was a nice suprise.

What’s your opinion on the current 
board?
128 is not the way we mine.

How did the diFlorision of the functions 
go?
Hein: Rock paper scissors
Max: Have you been to Het Noorden 
after it closed? The main cause that it 
is such a mess is us having a huge fight 
over deciding who got which function.
Hein: At first we all said which ones we 
do and don’t like and started looking at 
the options.
Jolijn: I think it went fine, we also drank 
a lot of rosé again and some champagne.

Did you know each other well before 
becoming EPO’s?
Max: There’s four of us who have been 
in the same committee, sadly Lonneke 
wasn’t part of that, that’s what most of 
us know each other from, but I did know 
Hein and Floris before that too and of 
course Lonneke as a NoCo.
Floris: I know Hein very well, we have 
been on multiple adventures together. I 
also know Max quite well because of the 
many mv chillings together and I was in 
the VNC with Hein, Max and Jolijn.
Lonneke: I knew all of you a little bit, but 
not that well. 
Jolijn: But I think we are all really happy 
with each other!

If you had to upgrade the MV room, 
what would you change?
Floris: I want Red Bull to sponsor the 
MV and then have a fridge in the MV 
room filled with energy drinks.
Hein: A cup-a-soup automaat would be 
nice too.
Max: Or maybe a ‘draaitafel’.
Jolijn: I think a MV cat or MV dog is a 

WitHout a proper noorden eveninG to present tHemselves, tHe 129tH epo board 
Was speCtaCularly revealed on Zoom. to provide furtHer information about tHe 
potential future inHabitants of tHe mv-room, nrC Got toGetHer, in Great Zoom 

fasHion, WitH Hein (epo-president), max (epo-seCretary), floris (epo-treasurer), 
JoliJn (epo-Commissioner of eduCation) and lonneke (epo-Warden).
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great idea, 
Lonneke: Or a guinea pig, then we can 
call him Alonso.
Max: And then at the end of the year 
barbeque…

What’s something you want to 
organise next year?
Max: A Noorden evening in Het 
Noorden and we also want to do a rally 
this year.
Lonneke: We also thought about master 
events with the ‘disputen’ and most 
importantly a ‘Floris-drinks-the-yard-
evening’, because he wants to do that 
one night.

Is there anything you want to change 
or improve about the MV?
Jolijn: The MV is already perfect as it is. 
Lonneke: One thing we want to change 
is that people still have a bit of a bad 
perspective of our study, while that’s 
not true and we want to try go get more 
members of the MV to be active within 
our association.
Hein: And we want to introduce a 129 
drinking game, maybe with dice or 
something.

What kind of skills do you think are 
important to have when you are 
board?
Max: Lonneke has to drink a lot that’s 
for sure, a very important skill. I 
have to not be dyslexic, otherwise the 
miningmails will be problematic.
Hein: I have to be good at playing 
trumpet. 
Lonneke: Jolijn has to be a good student 
and go to all the lectures.
Max: Maybe get 129 credits?

What’s the stupidest thing you’ve 
done?
Hein: Doing my minor in Leiden
Lonneke: Once I tried to disinfect 
someone elses wound with vodka, I 
thought it would work.
Max: Probably going live on facebook 
for me.
Jolijn: I think that not having AES as 
my first choice when I was choosing my 
study is my stupidest thing.

What’s something someone can wake 
you up for in the middle of the night?
Lonneke: Of course a delicious shot of 
ketel or a drink in Het Noorden.

Jolijn: I think a good dance party, if 
someone would come to my bed and 
would suggest to go to a party I would 
definitely go.
Hein: I would be happy to wake up for a 
good plate of sushi.
Max: I’m always in for a nice special 
beer or maybe a grolsch kanon of 
course.
Floris: Nothing I really need my sleep.

Did you take on any new hobby or 
sport in the quarantine?
Hein: Because I needed a new sog-
activity I bought a ukulele, so that’s my 
new hobby now.
Max: I started playing tennis again 
when it was allowed, I did do that before 
too but now I go quite often with my 
housemates.
Lonneke: I took on painting with some 
youtube tutorials.
Jolijn: I actually didn’t, I just studied 
more and it paid off, I passed all my 
courses.
Floris: I play hockey and gym almost 
everyday now.

129, That’s the way we mine!

EPO Board Interview

Jolijn Max

Hein
Floris

Lonneke
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 ▲ WW

WeberPuzzle

All nine objects have to be found as usual in the purple sudoku, but also in the brown squares. In the fifties we worked as a student 
in the Dutch coalmines. After putting on your miners uniform you collected the following nine objects to take down the shaft.
No. 1. Your personal numbered badge to show you went down,
No. 2 Your helmet, 
No. 3. Your electric lamp to put on your helmet,
No. 4. The battery to hang on you belt,
No. 5. Sturdy boots,
No. 6. Strong gloves,
No. 7. A metal bottle of cold tea,
No. 8. Lunch box,
No. 9. Only for experienced miners a string of chewing tabacco.

Weber Puzzle

Weber Puzzle

By K.WeBer

Important Mines or Mining Areas 

the 31st of August

in the next edition

WeberPuzzle

Weber Puzzle

Weber Puzzle

By K.WeBer

The Dutch Coal Miners
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Archeology for Petroleum Engineers 
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 ▲ WW

1. The famous Big-Hole of Kimberly in South Africa where the Kimberlite 
pipe was excavated to recover the diamonds.
2. The Kiruna iron mine in Sweden was very important for the German in 
WW II. The war production depended strongly on this mine as it was situated 
in neutral Sweden, it was not attacked by the allies.
3. Typical of the large open-pit copper mines in eastern Arizona, the Morenci 
mine forms a gigantic blemish on the otherwise scenic area. The tailings are 
spread around the mines and unfortunate contain a significant arsenicum 
content.
4. The West-German energy comes for a large part from burning brown coal 
after shutting down the nuclear reactors. The workings are very spectacular 
with their enormous machines. During the cultural excursions of the MV we 
frequently visited the mine near Frechen.
5. The Cerro Rico de Potosí in Bolivia is riddles with silver mines. The town 
of Potosi is, with about 4000 m above sea level, the highest town of South 
Africa. The Spanish conquistadores already started mining in 1544.
6. The finding of gold at the surface resulted in a gold-rush of over 100.000 
people to the area around the present town of Ballarat. The cities on the 
Australian east coast were loosing a large part of their population. The old 
town as it looked in 1855, was rebuilt as Sovereign Hill. There is an interesting 
gold mining museum. One can pan gold and also visit an underground mine.
7. The 300 km diameter Vredenfort meteor crater in South Africa is one of the 
largest in the world. A detailed description of this crater and the distribution 
of the gold can be found in the MV yearbook in the article “Meteors and 
Mining”  (2010-2011).
8. The Cornwall mining district where tin and copper were mined has been 
visited by any Delft student during the various excursions. Very interesting 
are the motor houses of which several are still standing. Interesting is the 
development of the atmospheric steam engine used for pumping up the 
water from the mines. This application is descripted in the MV yearbook 
article “Mining machines of the Past” (2016-2017). 
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Weber Puzzle Solution

By K.WeBer

The previous quarterly puzzle winner is

Theo van Beek

Other correct submissions:
Bauke Hoekstra Bonnema 
Renske Taylor
Sam Tupperware

By K.WeBer

1
2

3 4

5

7 8

6

Important Mines or Mining Areas 
By K.WeBer

Weber Puzzle Solution

By K.WeBer
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Graduation subJeCts

Dr Ir F.C. Vossepoel 

Esmée de Bruijn:  ‘‘The Sustainability of Geothermal Energy”

Dr R.E.M. Riva and Dr F.C. Vossepoel

Danielle Bode: “Application of a particle filter on bathymetry 
simulations by the morphological model Delft3D.”

Dr H. Hajibeygi 

Artur Makhmutov:  “Nonlinear 2D Finite Element Modeling of 
Cyclic Energy Storage in Salt Caverns with Creep Deformation 

Physics”

Dr Ir W. Broere

Rosanne Verloop: “An assessment of the relation between 
monitored settlements and the face stability of a slurry-TBM”

Dr J.E.A. Storms

Jules Blom:   “The Influence of Slope on Turbidity Currents and 
their Deposits in a Process-Based Model”

Dr M.W.N. Buxton

David Monteith:  “Evaluation of Stability for Different Stoping 
Sequences through the use of Numerical Modelling”

26 | Graduation Subjects

NR4final.indd   26 06/08/2020   11:52:26



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, free of charge, to all members 
of the Mijnbouwkundige Vereeniging. 
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. However, no responsibility 
can be accepted by the editorial staff for 
the accuracy of the information presented.  
Where opinion 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.
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11-05-2020 over Australia

Posters
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Location: Supai Village, Grand Canyon, Arizona.

Moon Pictures
Photo taken by: Mandy Kwong
Location: Hong Kong

Upcoming Events | 27

G.A. (Alonso) Ocampo Mendoza
A. (Anna) Gatti 
E.E. (Esther) Zijlstra
M.T. (Max) Hertogs
M.M. (Melissa) Markus
D.A. (Daniël) Ernste

OWee
FreshmanWeek(end)
Opening Academic Year

First Noorden Evening
ALV
First On-Campus Week
NoCo-Change
Master/PhD BBQ

Barbaraborrel Musselmeal
Inauguration
MV Cup
BALV + AZG Drinks
Study Breakfast

September 2020

October  2020

September 2nd 

September 6th

September 7th - Septemer 11th

September 16th

September 17th

OctOber 2nd 
OctOber 7th

OctOber 13th

OctOber 14th

 OctOber 21St - OctOber 30th 

August  2020
AuguSt 14th - AuguSt 21St   

AuguSt 18th - AuguSt 20th

AuguSt 31St
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