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Editorial

Presidential

The first Natural Resource issue of this academic year lies 
before you, made by a brand new group of students. From 
this issue onwards  the Natural Resource will have a new 
fresh lay-out! But don’t worry, as always it is filled with 
experiences written by  our students, scientific articles, the 
weber puzzle and like in every first issue the new committees 
will be introduced. If you miss anything, have any advice or 
have something interesting you would like to share in the 
next issue you’re always welcome to comment by emailing 
Naturalresource-mv@tudelft.nl. 

This issue will contain the bachelor thesis about CSEM 
Component Analysis: “Analysing the contribution of different 
components to the HED response in a typical 1D VTI medium” 
by Lars Gebraad.  A special article written by Ir. Michael 

Dear Reader,

Mansell about his reflections on an international career in 
Petroleum Engineering. Also, the two first year students 
Simon Dehout and Philipp Essle wrote about their experiences 
during from the zero’s weekend excursion and in addition 
Janneke Zwetsloot will tell us how amazing the second year 
fieldwork in Vecs was. This issue will come to an end with the 
introduction of the board and the new committees. Followed 
with the weber puzzle, the solution to the weber puzzle 
of the last issue from last year and the solution to the third 
issue from last year, because part of that solution came out 
incorrectly. Don’t forget to e-mail the right answer to us, to 
win that crate of beer!

On behalf of the editorial staff I would like to thank everybody 
for their articles and photographs. And to our readers; enjoy!

Christine Klöpping
Chief editor

Dear Members and other readers,

On this moment, we are already at the end of the first 
period, and what a period we had as the 125th board of the 
Mijnbouwkundige Vereeniging. A new year of mining 
students arrived  in Delft to experience the ‘nuldejaars 
excursion’ in August. During this weekend we introduced 
them to the MV, its traditions and especially all the songs we 
have.

The first Wednesday of October, they had the opportunity to 
earn their MV tie during the inauguration. Unfortunately for 
all of us, there were some issues with the press focussing on 
student rituals, and because of this we changed the program 
for this evening. Nevertheless it was a very special occasion 

for all of them, and we can be proud of this next generation of 
mining engineers!
The weirdest thing for us as a board is to realize that all events 
we had took place in only one period, the first period of our 
year. Luckily we have three more left. Next period we have a 
lot of new events upcoming. There is going to be the MV cup, 
the MV skiing trip, the Barbararede on the 2nd of December 
and a lot more to look forward to!

Enjoy this first Natural Resource magazine, and we hope to 
see you all during this next year.

Glück Auf,
Rutger van Limborgh
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News

September 22, 2016
Research finds way to make fracking 
safer

Injecting wastewater deep underground 
as a byproduct of oil and gas extraction 
techniques that include fracking 
causes human-made earthquakes, 
new research has found. The study, 
which also showed that the risk can be 
mitigated, has the potential to transform 
oil and gas industry practices.
h t t p s : / / w w w . s c i e n c e d a i l y . c o m /
releases/2016/09/16==922150659.htm

October 3, 2016
Strength of Earth’s outer shell can be 
measured, weak spots pinpointed

An advanced imaging technique used to 
map Earth’s outer shell also can provide 
a measure of strength, finding weak 
spots and magma upwellings that could 
point to volcanic or earthquake activity, 
according to a new study.
h t t p s : / / w w w . s c i e n c e d a i l y . c o m /

releases/2016/10/161003111456.htm

October 17, 2016
Mining community has its own social 
media website. 

In October 2016, Facebook announced 
that it was creating a separation version 
of the website that aims at helping 
users do actual work. But long before 
this, the mining community already 
saw the birth of its own social network: 
PeopleMine. It was launched by Glacier 
Media an InfoMine late 2015, and 
seeks to connect people who work in 
the resources sector. It already counts 
over 40,000 active users and grows at 
an average of 750 new members per 
week. The website allows users to create 
a profile that can help them increase 
their connections in the global mining 
community.

One of the main objectives of this new 
platform, says Robertson, General 
Manager of Mining Business Solutions 
at InfoMine and one of the project’s 
leaders, is to empower users to develop 
their professional mining brand, 
opening the door to career advancement 
through inbound employment 
opportunities.
http://www.mining.com/the-mining-community-now-has-its-

own-social-media-site-peoplemine/

October 20, 2016
World’s Top Miner Wants to Hire 21,000 
Women

BHP Billiton Ltd. wants women to 
account for half of its workforce by 
2025 as the world’s top miner seeks 
to change the gender balance in an 
industry dominated by men.
The company isn’t “as inclusive or 
diverse as we could be,” Chief Executive 
Officer Andrew Mackenzie said in a 
statement on Thursday. BHP has a 
workforce of about 65,000, including 
contractors, of which 18 percent are 
female. Based on these numbers, its 
target would mean an additional 21,000 
women employed by the middle of the 
next decade including both its own staff 
and contractors, according to Bloomberg 
calculations.
http://www.bloomberg.com/news/articles/2016-10-20/
wanted-21-000-women-to-meet-gender-target-at-world-s-top-
miner

October 27, 2016
Data contained in diamonds could stay 
there forever too

It’s said diamonds are forever and if 
the results of a new study are right, 
data could also be stored on them, 
virtually forever. A paper available at 
the journal Science Advances, explains 
how diamonds can be used as a way to 
store vast amounts of data. This is done 
by the use of atom-size flaws ordered in 
3D arrays.

The authors of this paper are a team of 
physicists from the City University of 
New york. They used lasers to encode 
data on nitrogen vacancy centres, 
which are the diamonds’ atomic-
sized imperfections. These minuscule 
imperfections were treated as magnets 
that could repel or absorb electrons 
and thereby encode simple gray-scale 
images.

The results of their experiments suggest 
that diamonds could be used to encode 
data in the form of neutrally and 
negatively charged defects, which can 
be read, written and deformed by lasers, 
according to the physicists.

“This is just a beginning, but these 
initial results provide us a potential 
way of storing huge amount of data in a 
brand new way. We’re looking forward 
to transform this beautiful quirk of 

physics into a vastly useful technology.”, 
the authors said.
http://www.mining.com/data-contained-in-diamonds-could-

stay-there-forever-too/ 

October 29, 2016
Close up of the new mineral merelaniite

The scroll-like structure of the newly 
discovered mineral merelaniite grows 
into tiny, silver-gray whiskers. A 
physicist has found the mineral on a 
sample of larger minerals from the 
Merelani Mining District in Tanzania.
The Merelani mining district is a well-
known locale. Not only for prized 
tanzanite and tsavorite used in jewelry, 
but also for hosting a suite of other 
minerals increasingly prized by mineral 
collectors. All the required analyses to 
satisfy the CNMNC for approval of the 
status and the new name of the mineral 
merelaniite have been done. 
h t t p s : / / w w w . s c i e n c e d a i l y . c o m /

releases/2016/10/161029124425.htm 

October 31, 2016
Bets Are On for Oil Prices to Slump 
Again

The growing list of OPEC members 
seeking exemptions from a planned 
supply cut has investors seeing future 
price drops.
Money managers increased bets on 
lower West Texas Intermediate oil for 
the first time in five weeks as Iraq joined 
Iran, Nigeria and Libya in seeking to be 
excluded from OPEC’s first agreement 
to reduce output in eight years. The 
deal was reached in Algiers on Sept. 28 
and sent futures climbing. But internal 
disagreements over how to implement 
the cuts prevented an accord to 
secure the cooperation of other major 
suppliers this weekend in Vienna.The 
Organization of Petroleum Exporting 
Countries agreed in the Algerian 
capital last month to trim production 
to a range of 32.5 million to 33 million 
barrels a day, and is due to finalize the 
deal at a Nov. 30 summit in Vienna. 
The accord helped push oil prices to 
a 15-month high above $50 a barrel 
earlier this month, although they have 
subsequently fallen amid doubts the 
group will follow through on its pledge.
http://www.bloomberg.com/news/articles/2016-10-31/more-

opec-exemption-requests-spur-wagers-on-oil-price-declines 
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125th Board of the Mijnbouwkundige Vereeniging

 ▲ From left to right: Jesse de Jong, Danielle Bode, Rutger van Limbo-
rgh, Roosmarijn Ceelen and Jan Willem Buist

We are proud to announce the 125th board of the Mijnbouwkundige Vereeniging:

dhr. R. van Limborgh
mevr. D. Bode
mevr. R.M. Ceelen
dhr. J.N. de Jong
dhr. J.W. Buist

President
Secretaris
Treasurer
Commissioner of education
Commissioner/Warden of “ Het 
Nooden’  
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What would happen if you and your 
fellow board members would end up 
on an uninhabited island? What would 
they do/what role would they take?

We’re all quite laid-back people, so I 
don’t think someone will be extremely 
stressed out. Jan Willem will get angry 
at first, and afterwards will accept that 
he’s on an island with us and see the 
fun of it. Roos will find a nice place to 
sit down and enjoy her moment on an 
uninhabited island. JW, Jesse and I will 
sit down and tell all the stupid jokes we 
know to each other cause that’s one 
of the best ways we spent time with 
the three of us. Danielle is kind of our 
mother, always taking care of us and 
making sure things that need to happen, 
happen. So I think she will be busy 
taking care of us. I hope she will save us.

What is the craziest thing that happened 
to you as EPO?

Nuldejaarsweekend. It’s so weird going 
back to a place where you know what’s 
going to happen. When you are back 
there in a different position, it is a truly 
amazing experience! These evenings 
that I enjoyed so much as a freshman, I 
could make the current freshmen enjoy 
now. It’s awesome.

What came first? Miners or the MV?

I have to say that miners were in Delft 
first, since the MV only started in 1892. 
But I think the MV has done a huge job 
in creating miners the way they are 
now. MV made miners so much better 
than they were before. But miners were 
first, if you have to be correct.

How would you present yourself in 125 
words?

I’m Rutger. I’m a 4th year student now 
in Delft. I always wanted to be a doctor, 
but I didn’t get in, so I went to Delft. 
From the first day I enjoyed my studies 
very much. I also started my first year at 
DSC and I have been there a lot in my 
first two years. I did not do that much at 
the MV then. Now since my third year, 
I frequented het Noorden more often 
and I organised a study trip. From that 
moment I realized what I missed these 
first two years, and now I want to make 
it up and do all I can for the MV. I really 
like the atmosphere at a Noordenavond.. 
That’s the magic of het Noorden, every 
time you go there, you have a good time. 

Why did you say ‘yes’ to being a board 
member of the MV and what do you 
like best about it?

I like that we as a board are doing 
everything we can for the MV and 
everybody speaks normal to us instead 
of placing us ‘above’ the rest of the 
miners. I think being president is a 
good way to combine this. Sometimes 
I’m busy with serious stuff, but not 
all the time, at these times I can get to 
know the members of the MV. It’s a 
good combination of very serious, busy 
things, and then some time off to get to 
know all members.

What do you look forward to most in 
the coming year?

I had an awesome time during my 
second year in Vesc, and this year we’re 
going to visit the fieldwork there. I look 
forward to being back at the location 
where I spent three weeks with six of 
my best friends. We had such a good 
time and I hope to see you all enjoying it 
as much as I did.

Name:  Rutger van Limborgh
Age:  21
Year:  4th year AES student
Board function:  President

What are your goals for the coming 
year? 

We have a problem in the MV now, 
which is that since 3 years our 
baccalaureate is in English, and MV 
has been Dutch for these 3 years, 
which has created kind of a segregation 
between Dutch and international 
mining students. Whilst the MV is an 
association for all mining students. My 
biggest goal is to take care of the miners 
as a whole being one group, instead of 
having Dutch and international miners. 

You’ve spent quite some time with the 
Freshmen of 2016 last weeks. What do 
you think about the 2016 freshmen?

What I really like about them is that 
they love the MV already. When they 
see me they say Gluck Auf to me. 
They’re a really  close year and they 
have a good mix between Dutch and 
international students. They visit ‘het 
Noorden together. They are a group of 
friends as a whole, and I really like how 
enthusiastic they are about the MV.  
During the OWee, we as a board worked 
to create a fun group and I’m really 
proud it worked out this way. I could 
never have thought that it would work 
out so good.

In this interview Rutger van Limborgh, our current president, will be interviewed by J. Steijn about his goals as president, his 
involvement in the MV and himself as a person. 

Board highlighted: President
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announced that prof. de Wijs had 
decided that a substantial amount of 
his legacy would be made available 
for a donation to the Steunfonds 
Mijnbouwkundige Vereeniging or a 
different cause which supports the 
education to become a mining engineer. 
Because the relief fund did not have 
an ANBI status, about 60% would have 
to be paid as gift tax. To avoid this, a 
new foundation was established on the 
20th of January, 1998, the foundation 
Cultureel Erfgoed Aardwetenschappen, 
with its objective:

- To publicize the Dutch general public 
about the historical, cultural, scientific 
and educational heritage of all aspects 
of earth sciences
- To maintain this heritage

During the existence of this foundation 
financial contributions among other 
things were provided to causes such as: 
the cultural excursion, the cultural rally, 
various publishes of reference works, 
etc.
Prior to the establishment of the 
Stichting Erfgoed Mijnbouwkunde it 
was decided on the 17th of October, 
2014, by the gentlemen Heerema, 
Dalmijn and de Ruiter, board 
members of both foundations, to 
make preparations to eliminate the 
foundations and create one foundation 
with a largely rejuvenated board.

The Stichting Erfgoed Mijnbouwkunde 
Delft
Background
This foundation has been founded 
by the merging of the two previous 
foundations, known as foundation 
Steunfonds Mijnbouwkundige 
Vereeniging (from 1995) and 
the Stichting Cultureel Erfgoed 
Aardwetenschappen (from 1998).

To hedge the risk of operating deficits, it 
was decided on the initiative of the MV 
and student group “Iam Repleator Gario” 
to establish a “Steunfonds Het Noorden”. 
This took place on the 2nd of April, 
1968, by the gentlemen Duparc, De Wijs, 
Heertjes, Van Arkel and the former MV 
board. By alumni fl. 2918, - was raised to 
which another fl. 785, - was added from 
the excess of the plaque fund (set up for 
the purpose of a commemorative plaque 
on the grave of Jan Garos).
During the next 25 years the Steunfonds 
Het Noorden gradually evolved into 
a Steunfonds Mijnbouwkundige 
Vereeniging with the aim to support 
the MV and Het Noorden in case of 
(financial) calamities. The capital of 
the fund grew considerably by private 
contributions of prof. De Wijs and prof. 
Heerema. Also, on the initiative of Mr 
Dalmijn the positive balance of the 
lustrum of 1972 was deposited into the 
fund.
At that time being, the fund did not 
have any legal status yet and in 1992 it 
was decided by the gentlemen Heerema, 
de Wijs, Duparc, Dalmijn and de Ruiter 
to establish the foundation Steunfonds 
Mijnbouwkundige Vereeniging.  This 
took place on the 6th of February, 1995. 
The objective of the foundation has not 
changed much over the years. Which 
was to give support in the broadest 
sense of:

- To advance and perpetuate the 
operating of the Mijnbouwkundige 
Vereeniging
- To (co-) maintain the associations café 
“Het Noorden”

Stichting Cultureel Erfgoed 
Aardwetenschappen
After the death of prof. De Wijs on 
the 4th of June, 1997, family De Wijs 

Steunfonds Mijnbouwkundige 
Vereeniging
The history of this foundation goes 
back to the sixties, when after the 
death of Jan Garos major changes took 
place in the relationship between Het 
Noorden and the MV. The bond with 
Jan Garos, owner of café Het Noorden, 
dates back to the thirties. When mining 
engineering students whose parents 
worked in the Dutch East Indies, found 
a second home at Jan and Fiep Garos.
In 1933, the “mining engineers center” 
Het Noorden takes on a more solid form 
and it was decided to have a mining 
engineers table made, complete with 
Schlägel und Eisen. The Wednesday 
evening became the regular evening for 
mining engineers to visit Het Noorden. 
During the war, the bond of the MV 
with Het Noorden strengthens even 
more as both Jan Garos and many 
mining engineering students supported 
the underground resistance.
In the early sixties, Jan became 
seriously ill and Het Noorden closed 
its doors. Only the regular Wednesday 
evening was maintained, whereby the 
MV board stood behind the bar. On the 
12th of September, 1964, Jan died. After 
his death the likely sale of the café, by 
the family Garos, was discussed.
The mining engineers foresaw the 
possibility of a permanent closure of 
“Het Noorden” and many plans were 
made to, if possible, maintain Het 
Noorden for the mining engineers. 
Unfortunately, it was not possible 
to buy only Het Noorden since it 
was obligatory to buy the remaining 
buildings at Noordeinde and the Kolk 
at the same time, which was too big of 
a financial risk for the MV. Ultimately, 
the entire property was sold to the 
Delftsche Studenten Gemeenschap, part 
of the DSC, after which the MV could 
rent the bar.

Foundation for Mining Engineering Heritage Delft

By  Drs. ir. D. Drenth and Ir. J.J. de Ruiter

On the 16th of December, 2015, the Stichting Erfgoed Mijnbouwkunde Delft (EMD) or in english: Foundation for Mining 
Engineering Heritage Delft was established by merging two existing foundations, which were founded in the nineties: 
Steunfonds Mijnbouwkundige Vereeniging and the Stichting Cultureel Erfgoed Aardwetenschappen.

 ▲ Figure 1  ▲ Figure 2  ▲ Figure 3
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of the mining engineering association 
café ‘Het Noorden’.
The other available funds aim to 
support (historical, cultural, scientific 
and/or educational) projects which are 
relevant to the foundation according 
to its objectives and to cover necessary 
expenditures, one and the other to 
be determined  and confirmed at the 
discretion of the board.

In the past year contributions were 
promised to a number of excursions 
and a mining engineering film. Also a 
(start) budget has been made available 
for a (re-)issue of a commemorative 
booklet (from 1981) about ‘Het Noorden’, 
which is to be published during the 
MV-lustrum year 2017, see figure 4 and 
figure 5.
If you have a small contribution for this 
cause, that is obviously very welcome!

 Board
The board shall annually decide on 
the amount of resources available, 
whilst an eye will be kept on the long-
term perspective of the foundation. In 
addition, the board is actively assessing 
received sponsorship requests and 
finding the necessary funding(s).

The board has existed since the 
founding of:

Chairman - Dr. ir. R. Chaigneau
Secretary - Drs. ir. D. Drenth
Treasurer - Ir. J.J. de Ruiter
Member  - Dhr. T.A. Chorus

The secretariat is located at the 
Kattendijk 163, 2831AD Gouderak.
 
Glück Auf!

heritage;
- maintaining and promoting contacts 
with government authorities, institutions/
organizations (including (professional) 
associations and foundations), companies 
and individuals, which are useful 
or necessary for the purpose of the 
foundation;
- to acquire ownership and management 
of causes solely for the accomplishment of 
the objective stated in the first paragraph;
- the use of any other useful means that 
can lead to the stated purpose.’

Income, management and use of funds
The foundation is, as befits a foundation,  
not profit seeking; the revenue earned 
by its activities (through, among others, 
external donations) will be fully used to 
achieve its objectives. The foundation’s 
funds consist of grants, donations, 
acquisitions under testamentary 
disposition, bequest, benefaction or gifts 
and all other (eg: interest-) income and 
benefits.
To generate the necessary income, 
one can think of requesting (other) 
funds, personal collection with alumni, 
companies and (other) private donors. 
Obviously, any undertaking to the 
foundation is welcome:

Stichting Erfgoed Mijnbouwkunde, Delft: 
IBAN: NL34 INGB 0007 0022 26.

The funds of the foundation are firstly 
intended as a reservation, used for 
example in the event of major calamities 
or for funding of any necessary – or if 
possible: alternative – housing of the 
Mijnbouwkundige Vereeniging or – 
more specifically – the cultural heritage 

The (in some sense: merged) foundation 
is considered by the tax authorities 
as a so-called (cultural) Public Benefit 
Organization (‘C-ANBI’), whereby 
donations to the foundation qualify for 
a special tax-friendly gift donation rate.

The objectives of the foundation are as 
follows:

- ‘To raise awareness of the historical, 
cultural, scientific and educational 
heritage aspects of mining engineering 
and (Dutch) (applied) earth sciences, as 
well as the preservation of this heritage 
and the spreading of knowledge in the 
field of mining engineering and (applied) 
earth sciences;
- to promote the historical, cultural, 
scientific and educational consciousness, 
the knowledge, and the well-being of 
the students to ex-students/alumni 
of the education ‘Applied Earth 
Sciences’ (previously ‘Mijnbouwkunde’, 
‘Mijnbouwkunde en Petroleumwinning’ 
and respectively ‘Technische 
Aardwetenschappen’) of the Technical 
University Delft as a group, with all 
that may be deemed to include, in the 
broadest sense of the word.’

This is in line with the objectives of 
the previous two foundations with a 
small update as regards to, among other 
things, the names of the faculty and 
education.

 Activities
The foundation seeks to achieve 
its objectives, independently or in 
collaboration with others, by:

- ‘Setting up and supervising activities, 
giving lectures, organizing exhibitions, 
promoting (inter) national contacts and 
the acquisition of goods (including art 
and/or reference works and/or archival 
materials) that fit within the first 
paragraph stated objective;
- to promote and consolidate the 
operating of the Mijnbouwkundige 
Vereeniging, as established in 1892 and 
since then based in Delft;
- (co-) maintain the building from 
the 17th century and the mining 
engineering association café ‘Het 
Noorden’, located in the building 
Noordeinde 2 / Kolk 2 in Delft;
- promoting the preservation of Dutch 
historical, cultural, scientific and 
educational (geological and mineralogical) 

 ▲ Figure 4 - Commemorative booklet 
(from 1981) about  ‘Het Noorden’

 ▲ Figure 5 - Commemorative booklet 
(from 1981) about  ‘Het Noorden’
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and wavenumber/frequency, seen 
in equation 1. They determine the 
amount of energy that is refl ected and 
transmitted across a layer boundary. 
The fact that most subsurface materials 
have unvarying magnetic permeability 
is exploited to the extend of simplifying 
the expressions for the refl ection 
coeffi cients considerably.
Due to unlimited refl ection between as 
little as two interfaces (think multiples), 
a global refl ection coeffi cient is needed. 
This coeffi cient is defi ned for a layer 
interface, but contains information 

up the electromagnetic fi eld, but form 
also two independent sets of equations. 
Their solutions in the transformed 
domain are consequently solved 
separately.
The interactions between different 
subsurface interfaces is described by 
local and global refl ection coeffi cients. 
The local refl ection coeffi cients are 
functions of electromagnetic properties 

fi rst splitting the EM fi eld in two modes; 
one that couples through interfaces 
galvanically (transverse magnetic) and 
one that couples inductively (transverse 
electric). These two modes fully make 

The Model
Typical marine settings are planar 
sediments. To emulate a general 
medium a vertical transverse isotropic 
medium has been chosen. Vertical 
transverse, for planar geology only 
varies in the depth-direction. Isotropic 
means we don’t vary medium 
parameters with direction. In fi gure 1 a 
typical hydrocarbon setting is shown. 
To analyze the effect of the airwave, 
different sea depths and source-receiver 
placements are chosen, typical for deep 
and shallow sea settings. These can be 
found in table 1.

The Method
Originally developed in the 1970s 
(Chave and Cox, 1982), the marine 
CSEM method has been applied to 
numerous academic studies pre-
industry involvement. The (frequency-
domain) method relies on sending a 
time-harmonic signal from a horizontal 
electrical dipole that is towed behind a 
vessel into the ocean, with frequencies 
typically ranging between 0.1 and 1 
Hz. The signal interacts both with 
the atmosphere and the subsurface 
and is subsequently picked up by 
electromagnetic fi eld recorders in the 
ocean. These receivers are usually 
situated at the sea fl oor, weighed 
down by concrete anchors. I will try 
to generally describe the method, but 
if there’s anything to take away from 
the next part, it is the importance of 
refl ection coeffi cients.
Any electromagnetic study builds on 
Maxwell’s Laws. Assuming no charge-
buildup and low-frequency time 
harmonic signals ( �� << � ) Maxwell’s 
equations simplify to a parabolic PDE. 
The general way to solve for these kind 
of equations is transforming them to the 
spectral-domain, or in the VTI case to 
the horizontal-wavenumber, vertical-
space, frequency domain. I mostly 
follow the process described by Andreìs 
and MacGregor (2008).
In diffusive and wave-like EM studies 
of VTI media the solutions are found by 

Bachelor Thesis: CSEM Component Analysis

By L. Gebraad

In marine hydrocarbon exploration, the CSEM method has been adopted steadily more widespread since its fi rst fi eld trials 
in the early 21st century. The method, which relies on contrast in subsurface electromagnetic properties, was fi rst used for 
surveying an oil fi eld offshore Angola in 2000. Because of interactions between the signals and the atmosphere, the method 
was initially used only in deep-water settings. This interaction has been dubbed the airwave and is usually detrimental to 
usefulness of data. By mathematically decompressing the physical interactions between subsurface layers in a typical medium, 
the signal was successfully modeled with a limited amount of multiples, which allowed for the decomposition of the signal in 
different pathways, including multiple airwaves, in turn allowing for careful analysis.

Layer Thickness (m) Conductivity (S/m) Magnetic permeability (N/A2)

Air 0 0

Sea model dependent 3 0

Overburden 1000 1 0

Reservoir 40 1/70 0

Underburden 1 0

Model Sea thickness (m) Source z-coordinate (m) Receivers z-coordinate (m)

Model 1 1000 975 999.5
Model 2 250 225 249.5
Model 3 250 10 100

r TM
l 1 l

l 1 l l 1 l

l 1 l l 1 l
(1)

RTM
l 1 l

r TM
l 1 l RTM

l l 1e 2 l dl

1 RTM
l l 1r TM

l 1 l e 2 l dl
(2)

 ▲ Figure 1 – Geometry of the general VTI model

 ▲ Table 1 – Subsurface properties used in the model

 ▲ Equation 1 – Local refl ection coeffi cient 
for layer interface L-1>L in the TM 
mode. Beta Is complex wavenumber, 
sigma is conductivity.

 ▲ Equation 2 – Global refl ection coeffi -
cient for layer interface L-1>L in the 
TM mode. The exponents encompass 
delay due to the signal traversing a 
layer.
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for anyone under the name Web Hosted 
Active Source Modeling, or WHAM, at 
the Scripps Institute website) computes 
all components of the electrical and 
magnetic field, but does not split it in the 
two modes.  Nevertheless, summing the 
computed signals and comparing them 
to WHAM has enabled verification.

Limiting the multiples and coupling 
events 
The mathematical description of these 
global reflection coefficients is of utmost 
importance. In it’s usual form, it is a 
fraction, which upon expansion would 
yield an infinite amount of  terms, each 
representing the next multiple within a 
layer. But these terms itself also contain 
similar fractions for underlying layers, 
each containing their own infinite 
amount of multiples.
To model the airwave and other separate 
signals we need to separate the first set 
of multiples discretely and model them, 
but of course we can not model an 
infinite amount of signals. To determine 
the amount of needed multiples an 
algorithm was developed which for any 
model iteratively adds new multiples 
until a tolerance was met. The criterion 
is defined as when a multiple adds 
less than the defined tolerance to the 
global reflection coefficient , modulus 
wise (for it is a complex number). This 
is done recursively for each multiple 
in each layer, e.g. the primary signal 
in  the topmost formation might have 
50 multiples in the reservoir while the 
first multiple in the overburden might 
only require 20 multiples in this same 
formation. This is done for the initial 

about all underlying media. It is given 
in for the TM mode by equation 2. 
The atmosphere-sea interaction is also 
embodied in a similar term; the coupling 
coefficient. This term contains all the 
information of airwave interactions.
Because the reflection coefficients are 
quite complex functions (also complex-
valued, but I mean analytically hard to 
integrate), the back-transform of the 
solution has to be done numerically. 
This integration is numerically also 
quite hard, to bound being zero and 
infinity, and the complexity of the 
function itself considered.
Because the reflection coefficients are 
quite complex functions (also complex-
valued, but I mean analytically hard to 
integrate), the back-transform of the 
solution has to be done numerically. 
This integration is numerically also 
quite hard, to bound being zero and 
infinity, and the complexity of the 
function itself considered.

The Airwave
The effects of shallow sea atmospheric 
interactions are the reason CSEM was 
initially used for deep-sea studies, 
such as mid oceanic ridge and sub-sea 
volcanic studies. The two major effects 
this interaction has on frequency-
amplitude data is;

1. Amplitude compared to infinite 
sea models with equal subsurface 
geology of the signal is increased. A 
sudden change in the amplitude is 
observed when the airwave becomes 
predominant.
2. Phase-lag of the signal 
‘plateaus’ at large-enough offsets. 
This is because the field through the 
atmosphere is instantaneous (compared 
to subsurface-signal timescales).

Both these effects are coupled to sea 
depth, or to be more specific, vertical 
path distance from source to receiver. 
At the offset that the airwave becomes 
predominant, we lose most data about 
the actual subsurface. By decoupling the 
signal in both aforementioned modes 
and comparing it to the direct earth-
reflected signal we gain insight into its 
characteristics in different settings.

Verification 
Multiple forward models ensure 
that developed code and method are 
legitimate. In a study by Key (2009) a 
forward model was programmed for 
arbitrary HED and receiver placement 
in a VTI medium. The program (usable 

signal, but also for each significant 
airwave contribution. This leads to a 
lot of different reflection coefficients 
in both modes, describing the Multiple 
Limited Components Separated (MLCS) 
signal. The amount of multiples per 
signal and the used tolerance can be 
found in table 2.

Computation of the actual signal 
The signal itself was computed using a 
number of integrals. For each mode, and 
for each coupling, different signals were 
evaluated using a Gaussian-Quadrature 
method. The signals of interest describe 
different pathways; the direct earth 
signal, the air-earth signal, and the 
earth-air signal, their names describing, 
in order, through which part of the 
model the signal traveled. The un-
separated total signal can readily by 
evaluated by using the fractional 
representation of the global reflection 
coefficients enabling more verification.

Results 
The Results show a very good 
resemblance between non-MLCS 
modeled data and WHAM results, as 
can be seen in figure 2. The relative 
error is for all models well below 1%, 
and mostly below 0.1%. This verifies 
that only a small error is made when we 
regard the signal as a discrete amount of 
reflection in the subsurface, and model 
their contributions separately.
Due to constraints on the amount 
of figures I will summarize the most 
interesting results, while showing a 
excerpt from model 3, for it has the 
shallow sea characteristics.

Model Algorithm tolerance Coupling Multiples needed

TM TE

Model 1; 10 8 0th coupling [66 33 7] [29 13 1]

Deep sea 1st coupling [26] [13]

2nd coupling [1] [1]

Model 2; 10 6 0th coupling [42 9] [20 3]

Shallow sea 1st coupling [28 1] [14]

2nd coupling [11] [8]

Model 3; 10 6 0th coupling [42 9] [20 3]

Shallow sea 1st coupling [28 1] [14]

2nd coupling [11] [8]

 ▲ Table 2 – Tolerances used for algorithm and resulting multiples. Number of elements 
in the array correspond to overburden multiples, while the actual value of the element 
resembles the multiples in the reservoir
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When placing the setup close to the sea-
surface not surprisingly the airwave 
signals become more dominant, as 
seen in the results of model 3. In both 
modes the airwaves have about the 
same magnitude as the earth’s signal. 
Remarkable is that the TE mode shows 
both airwaves increasing relatively to 
the earth’s signal up to the maximum 
modeled offset. The ’Earth-Air’ signal 
is amplitude wise larger than the ’Air-
Earth’ signal in both modes after offsets 
of about 2000 meters, inferring longer 
path length for the ’Air-Earth signal’. 
Phase lag is constant for all three signals 
in both modes after the 2500 meters 
offset mark; about 1 radian in the TM 
mode and 4 radians in the TE mode. 
The ’Earth-Air’ signal in both modes has 
a larger phase shift. Notable is that the 
phase shift of the ’Air-Earth’ signal is 
almost equivalent to that of the earth’s 
signal.

Conclusion
In conclusion I can state that the 
method is valid when compared 
to established forward code, while 
enabling analysis of each of the 
components. The actual results show 
characteristics corroborated by results 
from other investigations into the 
airwave signature (notably Andreìs and 
MacGregor, 2008). The results of this 
study could we be used in extensive 
analysis of separate components of 
CSEM signals.

Chave, A. D. and Cox, C. S. (1982), 
‘Controlled electromagnetic sources 
for measuring electrical conductivity 
beneath the oceans: 1. forward 
problem and model study’, Journal 
of Geophysical Research: Solid Earth 
87(B7), 5327–5338.

Key, K. (2009), ‘1D inversion of 
multicomponent, multifrequency 
marine CSEM data: Methodology and 
synthetic studies for resolving thin 
resistive layers’, Geophysics 74(2), F9–
F20.

 ▲ Figure 3 – Frequency-domain radial electric fi eld separated in selected components 
for both modes

The full article (bachelor thesis) can 
easily be found in the TU Delft education 
repository, using the keywords CSEM 
COMPONENT GEBRAAD. For any 
other questions, source code or other 
remarks; L.Gebraad@student.tudelft.nl
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 ▲ Figure 2 – Error between WHAM and 
MLCS signals
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The first day was a day to pay attention. 
With help of the supervisors and the 
example we learned as much as possible 
about all the different rock formations 
and recognising them. All fieldbooks 
were used intensely and the use of 
licking rocks was taught. Once back at 
the campsite, we were given our own 
fieldwork area for the coming weeks. 
From Tuesday on, Juliette, Christine 
and I would be focussing on the area of 
Rémuzat.

We were excited to have our own 
area to investigate but where to start? 
Even though we were given loads of 
information beforehand, all of a sudden 
we had to do it ourselves so there were 
certainly some big question marks. We 
started with a day of exploring. After 
seeing loads of Angele outcrops and a 
valley full with Terres Noires, we knew 
that in the coming days we would have 
lovely spots for lunch and that our 
hiking shoes would be used much more 
since our area consisted of a minimum 
amount of roads.

On Saturday the 14th of May, after a 
week full with lasts assignments, car 
trouble (we learned not to keep on lights 
in the car) and excitement we started 
our fieldwork experience. After an 
early Sunday morning in Luxemburg 
we continued our tour to the South 
of France and had our first encounter 
with the French and their crazy way 
of driving. Not knowing that three 
weeks later we would also be driving 
80 km/h on these mountain roads. In 
the afternoon we arrived in La Motte-
Chalancon where we got a warm 
welcome by the supervisors and a fellow 
students who were ahead of us. Now it 
was real, for the next three weeks we 
would be staying in La Motte and doing 
our fieldwork. And to top it off, my first 
real camping experience was about to 
start...

Fieldwork South France | Vesc

By J. Zwetsloot

Tent; check, barbecue; check, Spotify playlists; check, map of Europe; check. All checklists were completed, our car fully packed 
and we were ready to head off to La Motte-Chalancon.
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All in All, Vesc was a great experience 
were we learned a lot and had a lot of 
fun as well. Eating at Francine, having 
the wine tastery with the board, going 
to vineyards, having a barbeque the 
last day with students from the other 
villages as well, it all made that these 
three weeks were unforgettable. Of 
course with a lot of thanks to Jan Kees 
Blom and the other supervisors who 
stood by us for the entire three weeks.

Besides the huge educational aspect 
of the fieldwork, it is also a very nice 
period to spend with fellow students 
and the supervisors. Since a great 
amount of groups were located at La 
Motte-Chalancon, our evenings were 
always lots of fun. Of course there was 
a lot of work to do, but what could be 
more fun than sitting together under 
the party tent while it is raining to work 
on the Geostatics assignments.

After the first few days, the camping 
life started to habituate (except for the 
freezing nights). Also, we knew more 
precise what to do and started making 
bigger hiking tours. Together with Cas, 
Fabian and Raimon we made quite some 
hikes and we also started working with 
other groups. Working together was a 
great way to learn from one another 
and also to ask critical questions. The 
beauty of the area could never get 
boring. Besides being able to draw new 
conclusions with every hike we took, we 
also saw new breath taking views.
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implies that the needs of several people 
have to be taken into consideration. 
Flexibility and compromises are called 
for. This is all the more true for an 
international professional life. Can 
the partner continue her career and 
find an appropriate social network? 
Can eventual children cope with the 
upheavals caused by moves overseas?
In my case, my (future) wife was 
working as a teacher of English at 
a secondary school in Amsterdam. 
She generously agreed to give up a 
prestigious scholarship for a PhD in 
Stanford to join me in Qatar. Nowadays, 
modern women tend to have a different 
attitude to “following” their husband for 
his career. At a later stage in life, when 
our children went to secondary school, 
I took a steady job on local terms to 
warrant some continuity during that 
critical time for them. 
Children react in different ways to the 
“glorified gypsy” type of life. For some 
it is disruptive; they suffer from losing 
their friends and feel uprooted and lost. 
Others thrive under the stimulus of new 
experiences, cultures and languages and 
learn how to quickly make contacts and 
integrate. All in all, our three sons say 
they benefited from the experience, but 
at times it was not without obstacles.

the degree of adaptation that can be 
expected from the new arrivals. From 
the point of view of the host country, 
they should integrate into society and 
adopt its laws, values and culture. 
“Culture” implies ideas, customs and 
social behaviour. However, it is a deep-
seated human value and one cannot 
just shake it off like a piece of discarded 
clothing to replace it with another. 
Having lived in places like India, the 
Arabian Gulf and Latin America I have 
been able to see the issue from the 
point of view of the foreign minority. 
We were expected to respect the host 
country’s culture but usually there 
was tolerance as to what we did in 
private. For example, it was punishable 
to consume food and drink in public 
during Ramadan in a Moslem country, 
but singing Christmas carols was 
tolerated so long as one didn’t try to 
convert people. Things have, however, 
become more strict. Women were not 
forced to wear an abaya, but were 
expected to avoid low-cut necklines, 
cover their arms and shoulders and 
wear skirts below the knee.
On the whole, I have found mutual 
respect and remaining true to my 
own values to be sound (and usually 
compatible) guidelines.

Family life as an international worker
Getting married and starting a family 

Student life in Delft in the 1960s/70s
In “my day” there was only a minor 
proportion of female students, and the 
major social clubs were “men-only”. 
The ratio of students from outside the 
Netherlands was much lower. The wide 
range of associations and activities 
on offer beside the formal University 
curriculum has further increased. 
In the late 1960s there was student 
unrest in Paris, New York and (to a 
certain extent) in the Netherlands 
too, mainly in Amsterdam. Many 
associations in this country were 
assailed by internal and external 
criticism, and were struggling to keep 
up membership numbers. Due to 
embracing both men and women and to 
increased openness they appear to have 
bounced back.
Dutch student life is unique in that 
the clubs are highly self-governing 
and provide their own choices to 
complement the training offered by 
the University. I would encourage 
young people to keep an open mind and 
explore what this extraordinary world 
has to offer. 

Cultures
With the current stream of refugees 
and immigrants from the Middle 
East, Africa and Eastern Europe, 
there is a debate within the EU (and 
the Netherlands in particular) about 

Reflections on an international career in Petroleum Engineering

By M. Mansell

You, reader, are only interested in perusing this little piece so far as it brings up issues which you and I have in common. 
Or perhaps differences which might be interesting or thought-provoking. I understand that, and will try to limit the 
inevitable autobiographical stuff to that which might be useful to serve these dual purposes of support and challenge.

I was born in England in 1947 as the son of a half-French half-English father and a Dutch mother. Because my parents 
travelled, I spent 3 years in Mexico as a child before settling in the Netherlands for secondary school and university. 
In 1973 I graduated in Delft as a Metallurgical Engineer. Having had the privilege of learning several languages in my 
childhood and of discovering far-away cultures, I sought a job that would take me overseas. 
Shell offered people with a scientific or engineering degree basic training in Petroleum Engineering, since formal 
education in this subject was not mature at the time. They took me on and I stayed with them for 12 years in four 
different postings: Qatar, The Netherlands, Norway and Brunei. In 1985 I left Shell and worked for various companies 
in the UK, Switzerland, India, Oman and Qatar. I was lucky to develop my Production Technology experience in many 
environments: onshore and offshore, benign and rough seas, hot and cold places. After various management roles 
I reverted to my technical specialism as a consultant later on. During reorganizations, in my experience, middle-
managers are often dispensed with but technical people continue to be needed.

 ▲ The Gryphon FPSO – the first in the 
North Sea. UK Sector, 1996.
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Concluding remarks
I have found that life unfolds in 
unexpected ways, and the decisions we 
take sometimes lead us in a different 
direction than we originally had in 
mind. Nevertheless, self-awareness is 
the foundation on which we take the 
steps that are right for us. “What are my 
core values?” “What am I capable of?” 
“What are my strengths?” “What are the 
things I get a kick out of?” – reflection 
on such questions can point us in the 
right direction.
Best wishes to you all for an exciting 
and fulfilling academic year!

below 2o C”. The agreement was duly 
ratified by several countries, including 
the US and China. To me, this means 
that fossil fuels are on their way out. 

Career choices for the future
“Would you advise against a career in 
the oil business?” you may ask. First 
I would answer that it is of course an 
individual choice. Personally, I hugely 
enjoyed the work because every oil and 
gas field is unique and requires its own 
solutions. There is still plenty of scope 
for innovation and original thinking. 
More money is available than in many 
other industries to develop and try 
out new technology. It is important to 
be able to visualize what’s going on, 
because everything is happening deep 
underground. You must work together 
as a team, each with his/her own input, 
and teams are usually multi-national 
since the oil industry is truly global. This 
aspect, I found, adds an extra colourful 
dimension to the workplace.

Today’s student or young graduate 
will have to balance the positive and 
negative in their mind, and take the 
decision that feels right for them. 
Looking back on all the wonderful 
experiences I have had, if I had to make 
the career choice today I think I would 
wish to contribute toward a much more 
sustainable energy approach.

Facts and perceptions about Fossil Fuels 
When I left university, fossil fuels were 
the backbone of energy supply and 
there were hardly any alternatives. 
Nuclear energy was on its way up and 
coal in decline. Renewables supplied 
relatively insignificant amounts of 
energy and were widely considered 
to be uneconomical even in the long 
run. Although early stirrings of the 
environmental movement were 
appearing, notably by the Club of Rome 
and the book Silent Spring, mainstream 
thinking was that the development 
of oil and gas reserves would support 
economic growth and general wellbeing. 
A Petroleum Engineer was considered a 
valuable technical specialist helping to 
produce an indispensible resource to the 
advancement of humanity.

During the past years, I have found, 
other perceptions are coming to the 
fore: the oil industry is dirty and only 
out for profit. It is on a par with bankers 
(another formerly respected profession), 
arms dealers, pharmaceuticals and 
tobacco companies in supporting the 
capitalist conspiracy at the cost of the 
“90%”. My own sons, who have chosen 
different career paths (in IT and HR), 
feel ambivalent about my having 
worked in such an infamous industry.
The facts are, of course, that global 
warming is a real phenomenon and that 
fossil fuels contribute to increasing the 
damaging effect. Renewables are taking 
a rising proportion of energy supply 
and are becoming more economically 
attractive. On the other hand, there is 
still great demand for oil and gas which 
cannot (yet) readily be replaced.  It is 
extremely encouraging that the world 
has realized that a concerted effort must 
be made. In the COP21 agreement signed 
in Paris last December, all countries of 
the world unanimously agreed to reduce 
greenhouse gas emissions so as to limit 
the global temperature increase to “well 

 ▲ 8-leg jackup rig “Seashell”, Arabian 
Gulf, 1973.

 ▲  Gas flare at offshore production 
station, Arabian Gulf, 1973. A sign of 
progress and industrial development, 
or of wastefulness and environmental 
disregard?

 ▲ Some environments where the oil 
industry operates

 ▲ M. (Michael) Mansell
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duties which belong to other bodies 
of the MV and on the other hand, its 
strengthens the mandate of the RvA to 
fulfill its advisory tasks.  

New Implemented Principles
Based on these two elements the 
following main principles are 
implemented in the new structure of 
the RvA:

• Developing and realizing the policy 
is split in the new organizational 
structure. The main goal of the RvA is to 
advise the board in the development of 
their policy and help setting out the long 
term strategies. 

board in the decisions they make and 
the consequences they undergo. 
• The RvA is a continuous body to assist 
the board in shaping and maintain 
long term policies, norms, values and 
traditions. 
• The RvA is able to put issues in 
perspective and serves the board as a 
critical discussion partner.

Following is the position of the RvA 
within the organizational structure 
of the MV. The new organizational 
structure is shown in figure 1. and 
shows the constraints of the RvA. 
Implementation of these constraints 
prevents the RvA from taking over 

Organizational Structure
Subsequently a working group was 
formed, with their main task to develop 
a plan for an advisory council: ‘Raad van 
Advies’ (RvA). As a starting point the 
purpose and the position of the RvA in 
the organizational structure of the MV 
had to be reviewed. By this way, a solid 
foundation is ensured.
From this the main purposes of the RvA 
were defined, which formed the guiding 
principles for the eventual structure of 
the RvA. The purposes are as follows:

• The RvA expands available knowledge 
and supports in advising the board 
independently. The RvA supports the 

Advisory Council | Raad van Advies

Over the last years our students have faced many challenges.  An increase in binding recommendation on continuation of 
studies (BSA) and the transition from Dutch to English lectured studies are examples of this reformed study environment. More 
pressure is put on students to study faster and this has resulted in a new challenge for the Mijnbouwkundige Vereeniging: 
continuation of our norms, values and traditions. 

So far it has been former board members, ‘het Eereledenorgaan’, who took on the responsibility to advice the board in the 
execution of their policy and safeguarding the norms, values and traditions of the MV. The reality has become that after a 
board year, many increase their focus on studies and internships which are not unusually abroad. The group has expressed 
that the body can’t fulfill its objectives as optimal as it wants to. Therefore, the old board members would welcome a new body, 
which will take over a substantial part of their tasks. This believe was strengthened by a strong motivation from the general 
members to reform this body.

 ▲ Figure  1 -   Organogram.

By T.J. Gerwe
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• The members of the MV will gain 
more influence in this new structure. 
All members of the RvA are voted by 
the members of the MV in general 
member meetings ((B)ALV’s). The 
positions are open to anyone, who has 
fulfilled his/hers BSA. Furthermore, the 
agenda and (summarized) minutes are 
made public. This enables the general 
member to go deeply into the issues 
of the MV. Members of the MV are 
allowed to request an invitation for 
specific meetings or to send in unasked 
advice if they feel they could contribute 
to the discussions on the agenda. 
• The advice is that the RvA consist of 
eight members. The eight members 
cover as many competencies as possible. 
Those competencies vary between 

knowledge about the MV, alumni, 
catering, faculty to expertise in topics as 
promotion, acquisition, mediation and 
laws. This list of competencies is not 
final and the main goal of it is that every 
member of the RvA provides an unique 
set of knowledge. 
• A code of conduct is part of the RvA 
document.

Final
This article represents a short summary 
of the eventual RvA structure that has 
been set up. The complete version of 
this document, as it has been accepted 
by our members, can be requested 
through the president of the MV. As a 
working group it was an honor and joy 
to work on this policy. Currently the 

first constitution is voted by the general 
members meeting and we wish them 
luck in the realization of the advisory 
council. 

Glück Auf!

The Working group RvA 

Gerwe, T.J. (Thom) van
Sandén, A.B. (Axel)
Speth, K.A.J. (Kasper)
Natijne, A.L. (Adriaan) van
Woude, mej. T.I.S. (Thaïsa) van der
Antonissen, mej. C.D.Q. (Coco)
Crispijn, mej. F.M. (Floor)
Dingen, J.E.C. (Julian) van
Boerboom, H.T.W. (Thore)

 ▲ From left to right: Coco Anonissen, Adriaan van Natijne, Thom van Gerwe, Axel Sandén, Thore Boerboom and Floor Crispi-
jn. Missing on the picture are: Kasper Speth, Thaïsa van der Woude and Julian van Dingen.
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Promoco

Being a student is probably the most fun thing we were/will 
ever be in our lives. The Promoco is vastly responsible for all 
new mining engineers because throughout the year we try 
to harvest new students from all places. We do this during 
shadowing days, school visits, the open days of the TU Delft, 
social media and occasional workshops. On such events, 
we try to give everybody a nice and honest impression of 
Applied Earth Sciences so they can make a good choice for 
their studies. And if they make the best choice, we see them 
back in a year. This year’s dreamteam-Promoco will consist 
of Eva Potthoff, Emma Blanken, Dhavissen Narayen, Gijs 
van Ouwerkerk, Koen Harms and Jesse de Jong (QQ). Applied 
Earth Sciences is a very special and challenging study and our 
aim is to share that with everyone who is interested. One last 
note, when you see us with shadowing students somewhere 
in a lecture room or in the MV, feel free to come by and have 
a chat. The Promoco is ready to rumble. 

Glück Auf! 

Introduction Committees 2016-2017

On this page the new committees of  the MV will introduce themselve. These committees are composed of enthusiastic Applied 
Earth Sciences students.

 ▲ From left to right: Jesse de Jong(QQ), Emma Blanken, 
Dhavissen Narayen, Eva Potthoff, Koen Harms and Gijs van 
Ouwekerk.

 ▲ From left to right: Sylke van der Keij, Roosmarijn Ceelen(QQ), 
Fabian Kamp, Isabelle Llaneza, Robbin Bauhuis and Alexander 
van Ballear.

SPOCO

We as the sport committee, better known as the SpoCo, 
are looking forward to this coming year full of sports and 
excitement. Since the end of last year we already have put 
our heads together to come up with events that will not be 
forgotten and ideas to make traditions even better! Examples 
of these great events are the Drakenbootrace, MV cup, 
darting competition and, of course, the ski trip. This years 
ski trip is going to the wonderful French mountains in Saint-
Sorlin-d’Arves where you can show your ski and, certainly 
not to be left out, après-ski skills! Also the MV cup is going 
to be a day of excitement: will the first years be able to write 
history this year and take home the glorious cup? This year 
we have something new in store: a cycling team called the 
Bucketwheels. Every fast-paced minded miner who wants to 
join will cycle around the country and the tour will end with a 
couple of bright, cold and golden refreshments! 

We; Alexander van Ballaer, Fabian Kamp, Isabelle Llaneza, 
Robbin Bauhuis and Sylke van der Kleij together with our 
overseer Roosmarijn Ceelen, are eager to see you join us in 
these events! 

Glück Auf!
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Yearbook

Are you curious about last year’s activities? What is achieved 
in Science? What happened during the SME-TMS study tour? 
How did the board experience their year? We will tell you!
The Yearbook comes approximately every year with a broad 
range of articles about different subjects. We, Pieter Bosman, 
Raimon van Grootel, Janneke Zwetsloot and Daniella Gur, 
will edit the next yearbook. Special about this yearbook will 
be that it is a Lustrum book. Meaning that we will present it 
during the lustrum week.
No worries, you do not have to wait a year to hear from us 
again. Since we will give you a sneak preview on the 26th of 
April when we present our theme in “Het Noorden”. So be 
there or be square!

Glück Auf! ▲ From left to right: Raimon van Grootel, Janneke Zwetsloot, 
Daniella Gur, Danielle Bode(QQ) and Pieter Bosman.

NOCO

More beer is more better. As your proud Noorden 
Commissioners for the year 16-17, we will show you that 
this is the best motto in the world. The dream team of Sil, 
Guus, Krijn, Tim, Dorus, Freek and Friso, operating under the 
command of your favourite Warden JW, will make sure every 
guest at “Het Noorden” will have the time of their lives, if we 
feel like it. We shall keep the beer flowing and the frying pan 
boiling so that you always have a beer in hand and a snack. 
If you want fun, try some Ketel 1, chill with us, and consider 
it done. 

Don’t like to chug more beer? We volunteer. 
If you ever get bored, just come join us at Du Nord!
NoCo 16-17

STUCO

First years students go on a studytrip to the Ardennen in 
Belgium and second years students go to Vesc to do some 
fieldwork. But what about a studytrip for third years students 
and older? The StuCo has it covered. The StuCo is a fairly 
new committee within the MV. The abbreviation stands for 
the Studytrip Committee and we are assigned to organize a 
studytrip for bachelor students who are in their third year 
or older. The goal of this trip is to get more insights into the 
different master tracks of Applied Earth Sciences by visiting 
companies and meeting alumni. The trip will also cover some 
local geology and cultural activities. This year Tim Hacking, 
Thomas Visser and Caroline Zaal will dedicate the coming 
months into the organization of an awesome studytrip. 
Unfortunately we can’t give you any details yet, but we can 
tell: don’t make any plans for the end of February. 

Gluck auf!

StuCo 2016- 2017

 ▲ From left to right: Sil Mossel, Dorus Vlierboom, Guus 
Hoogewerf, Tim Meijer, Jan Willem Buist(QQ), Friso ter 
Steege, Krijn van Alphen and Freek Smit

 ▲ From left to right: Rutger van Limborgh, Tim Hacking, Caro-
line Zaal and Thomas Visser.
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WEBCO

Ever wondered how a site magically serves you what you 
want, when you want it, anywhere in the world? Or maybe 
how a huge system of more 185GB of photos and other 
documents keeps on happily turning its gears?  Most people 
haven’t, but the answer to all IT related problems and wishes 
of the MV is the WebCo. 
We are Adriaan van Natijne, Lars Keuris and Lars Gebraad. 
Together we make up the small intersection of sets of people 
who belong to the Applied Earth Sciences program, are not 
daunted by a Linux man page and who are crazy enough to 
rebuild a website every year. 
The MV offers a few different services we maintain; our 
public website, found at mv.tudelft.nl, serves as a general 
source of information and a link to all other platforms. 
MijnMV is our archive of digital and digitized media, such 
as photos, yearbooks and of course old NR editions, totaling 
79268 files! Another useful service is our member-database, 
where any member can come in contact with a fellow student, 
alumni or other members. Our hectoliterstand.nl is another 
source of reliable and steady information, providing regular 
update on the yearly beer consumption expressed in relevant 
quantities, such as BOOE. 
Current projects include a rework of the public homepage to 
our new ‘house style’ and an update of the on-line lustrum 
ticket sale and information page for the upcoming academic 
year. And  although we as WebCo can only celebrate our 3rd 
lustrum, you can be sure that as long as there are computers, 
we’re not going anywhere. And anyway, what would you all 
do then?

Glück auf,
The WebCo

 NRC

Dear reader, 
Coming year you can expect four wonderful Natural Resource 
magazines again. You will be reading about the MV activities, 
several Bachelor’s, Master’s and PhD theses, the new board 
and all news that the coming year will bring. Of course, you 
can also watch the best pictures by the GOC and solve the 
Weber puzzles in every NR!  This year, Christine Klöpping, 
Martijn Bos, Davini Kalloe, Goof Blokker, Jeanne Steijn and 
Jesse de Jong (QQ) will take care of this. We hope you will be 
reading the NR with pleasure and are looking forward to a 
spectacular year.
 
Glück auf!
NRC 2016-2017

 ▲ From left to right: Danielle Bode(QQ), Lars Keuris, Adriaan 
van Natijne and Lars Gebraad.

 ▲ From left to right: Martijn Bos, Jesse de Jong(QQ), Goof Blok-
ker, Davini Kalloe, Jeanne Steijn and Christine Klöpping.
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LUCO

November 1892, 125 years ago, the most awesome study and 
also the best student association namely, Study Association 
Applied Earth Sciences, was founded. This 125th anniversary 
will be celebrated with a week full of events, which is called: 
the Lustrum. Responsible for this week has always been the 
Lustrum Committee. To make this week one of the best weeks 
that the study association has ever seen, there is the 25th 
Lustrum Committee: 

President:    Emma Zomer
Secretary:    Wesley van Maanen
Treasurer:    Jaap van Duijn
Commissioner of Acquisition: Milou Kaptein
Commissioner Symposium:  Wout Lohle

The Lustrum will take place from Friday the 17th of 
November till Saturday the 25th of November. Ever since the 
summer we are very busy organizing this week of spectacle. 
Firstly we had to come up with the theme, after a few 
brainstorm sessions and drinks, we finalized on a great one. 
So, save the date: November 16, 2016. This will be the night 
that we will present the theme of the 125th anniversary of the 
Study Assosiation Applied Earth Sciences. We also redefined 
some traditional events, and possibly added some great new 
ones. To make this week the best one yet, we are always open 
for suggestions. 

Glück Auf
The Lustrum Committee

GOC

Ever since the dawn of mankind many great things have been 
accomplished. Too bad not all of them have been captured on 
camera. From excursions to parties, from wispo to MV parties. 
We, the members of the GOC, “geheugen ondersteunende 
commissie” will be there to capture it all with our cameras. 
If at some point you find yourself having a hard time 
remembering one of these memorable events, remember our 
motto: “gelukkig hebben we de foto’s nog”, which translates to: 
“at least we still have the pictures”. Just go to mijnmv.tudelft.nl 
to have a look at the pictures.

Glück Auf, 

GOC 2016-2017

 ▲ From left to right: Rens van der Vleuten, Marja Machielse, 
Danielle Bode(QQ), Sophie van Rijn and Rafael von Banniseht.

 ▲ From left to right: Wout Lohle, Emma Zomer, Wesley van 
Maanen, Milou Kaptein and Jaap van Duijn
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where the Mijndoop took place. This 
was a good opportunity to get to know 
all the different committees inside the 
MV, such as the NoCo and the SpoCo. 
All of us had a great time and through 
all the activities we got to know more 
about each other and become a tighter 
year group. And as custom, after dinner, 
some dutch techno songs were played, 
a lot of beer was consumed and a small 
party took place. 

On the morning of the last day, we got 
awaken once again at an unhealthy 
time to start the day fresher than 
ever. We packed our stuff as fast as 
we could before we would leave to go 
the Ardennes to meet our going-to-be 
lecturer Jan Kees Blom. This was the 
most instructive and tiring part of the 
trip. We learned about rocks and their 
different layers as well as we were 
forced to do something more diffi cult 
than chugging beers, climb a steep hill 
while being hungover. 

After the excursion, we were allowed 
a few hours of sleep or to hydrate with 
warm canned beer while driving back 
to Delft for the Opening ceremony 
of OWEE, which reserved a lot of 
surprises. 
Overall the fi rst years excursion, was 
one life experience and we are very 
sorry for all the people that did not 
join the excursion. It was the best 
way to meet people both dutch and 
international and we got an amazing 
sneak preview of what the life of a 
miner must be.

and the coming OWEE. 
After arriving at the mines of RWE, 
we were separated into two groups. 
One group received a very interesting 
presentation given by the chief of 
machinery in the mine, while the 
other group would get a tour around 
the lignite mine and get a view on the 
unique Bagger 288. After a long day of 
heat and walking, we fi nally arrived in 
the promised land of Belgium where 
we settled in a youth house and relaxed 
before we would have group sessions 
and drinking, which led to a small party 
and one concussion (#JW).
We woke up really early, again, to drive 
to Blegny, an old coal mine in Belgium. It 
was an interesting trip, where we were 
shown how a mine used to operate and 
the tough conditions that miners had to 
go through. Going down the shaft we 
understood the real reason for “Glück 
Auf”. After leaving the mine we saw 
some world class chugging by the 125th 
board, and headed towards Beringen 

We started off by playing name games 
with a rolled newspaper and would 
smack someone if they took too long to 
say another person’s name. This proved 
to be an effective and fun way to get to 
know more people. 
A short presentation about Applied 
Earth Science and the MV was given 
by Rutger and the dean of our faculty 
Prof. Bert Geerken. This was important 
to get a feel for what we were jumping 
into. After the presentation we went 
in different groups to Rijswijk to get to 
know Shell’s headquarter. It turned out 
to be super informative and showed us 
some career possibilities that our study 
provides. 
We returned from Rijswijk to have 
dinner at one of the board members’ 
house and watch some of the Olympics. 
Then we headed to the faculty for the 
Cantus. During the Cantus we learned 
how cool it is to be a miner and the 
strong traditional values that they carry 
through generations. And songs, a lot of 
songs. 
We ended our epic fi rst day by sleeping 
in the gym.  

On the second day of the freshman 
excursion, after sleeping in the most 
comfortable place on campus i.e. the 
new gym of the sports and culture 
where the lights thankfully did not 
go off, which helped us a lot in the 
process of our sleep, we were shortly 
on our way to visit the humongous and 
prestigious mines of RWE. During the 
bus ride, we got introduced to Ewout 
and wonderful dutch music, which set 
us right in the mood of the weekend 

First Years Excursion

By S. Dehout and P. Essle

We were told to meet at the TU Delft campus Geoscience building, we had no idea what to expect apart that we would be 
visiting some mines in Germany and Belgium. There we were separated in groups and received a shirt from the MV,  “Stone 
Wars”.

 ▲  Creating the MV-logo using the fi rst 
years.

 ▲ Our president encouraging the fi rst 
years.

 ▲ The fi rst years at a bucket-wheel 
excavator.

 ▲ Group picture with the fi rst years in 
the mine.
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Weber Puzzle

The Weber puzzles are made by prof.ir. K.J. Weber himself. He has made these puzzles especially for the MV for years. You can 
send your right answers to the puzzle to Naturalresource-MV@tudelft.nl. Of course, you can win a price by solving the puzzle, 
which is a crate of beer.

Past and Present Dangers to Explorers Puzzle

Many mining engineers had to explore in areas inhabited by hostile natives. Their fate could vary from being eaten by 
cannibals to simply being murdered for one reason or another. Cannibalism has become fairly rare but otherwise the world 
hasn’t become safer. Expecting that your ethnographic knowledge is adequate; can you identify the origin of the twelve 
gentlemen shown and connect them to their preferred weapons?gentlemen shown and connect them to their preferred weapons?
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Weber Puzzle Solution

Solution Puzzle to name the Eight Islands

1. Spitsbergen discovered by Willem Barentsz in 1596 during his effort to fi nd a passage to the Indies along the north of  
 Siberia. It houses large walrus colonies.

2. Tasmania discovered in 1643 by Abel Tasman who went on to discover New Zealand. It houses the ferocious         
 Tasmanian Devil.

3. Mauritius, a convenient stage post for the journeys ot Ceylon and the Indies was occupied by the Dutch in 1598   
 when the Dodo’s were still around. It was lost to the French in 1705.

4. Paaseiland (Easter Island) was discovered by Jacob Roggeveen on Easter Day 1722. It is well konwn from the large   
 statues hewn from volcanic rock which show long ears and big long noses and don’t look at all like Polynesians.

5. Jan Mayen is a dismal place discovered in 1614 and named after one of the leaders of the expedition of which all   
 members perished. Later it was frequented by whalers and some Norwegians hunting foxes and polar bears. At   
 present there is only a Norwegian weather station.

6. Lang Eiland (Long Island) near New York was part of the Dutch colony around Nieuw Amsterdam started in 1624. It  
 was lost to the English in 1664. The Great Black-Backed Gull fl ies along its well loved beaches.

7. Sint Maarten was occupied by the Dutch in 1630 but lost again to Spain in 1633. It was returned to the Dutch in
 1648 at the end of the 80-years war. Next it was captured by the French in 1676 but recaptured in 1703. The   
 southern part is still Dutch. The Brown Pelican can often be spotted fl ying along the numerous yachts.

8. Staten Island. In 1616, during the journey of Schouten and Le Maire, the ship ‘Eendracht’ passed between an island  
 and ‘Tierra del Fuego’ through a strait still called ‘Strait le Maire’. They called the island ‘Staten Island’ which lies   
 opposite of Long Island at the other side of the New York harbour entrance.

 ▲ Shouten and Le Maire rounding ‘Kaap Hoorn’ on their way to the Indies
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Weber Puzzle Solution

Solution Puzzle of the Golden Ganesha

Firstly some key information about the God Ganesha. He is the God of knowledge 
and wisdom, he removes obstacles and protects travellers. In other words, an ideal 
God for mining engineers. He is the son of the senior God Shiva but they only met 
each other for the fi rst time when Shiva returned after a long period of warfare. 
Seeing a strange young man in his wife Parvati’s house, Shiva became angry 
and beheaded him. When he found out that he had cut off his own son’s head, 
Shiva ordered his servants to go out and collect the head of the fi rst creature they 
encountered. This was an elephant. Shiva attached this head on his son’s body and 
resurrected him to become the God Ganesha.

If you believe in reincarnation, it is surely worthwhile to solve this puzzle because 
you may gain enough merit to return to life as something better than a rat in a 
coalmine!

It is of course highly unlikely that the golden stature is still there but at least you 
can get to the shrine via the stairs and slides numbered 29, 24, 19, 18, 8, 12, 2, 3, 7 and 
14. To get back to the entrance you have to pass: 21, 13, 9, 6, 17, 20, 33, 11. You can also 
start via 15 and 16 but then you have to climb stair 21 anyway. Try not to trip over 
the skeletons left in the tunnels. 

 ▲ The God Ganesha

The previous Natural Resource publication contained a mistake in the solution to the Weber puzzle published in April 2016 
(the third publication of last volume). Therefore the right solution to this puzzle can be found below.
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Graduation subjects

Dr. Ir. D.S. Draganov and Dr. C. Weemstra
Date                      :   Thursday 8 September 2016
Time                     :   11:00  hrs.
Place                    :  Room 2.45 – CiTG building
Beichen Lin:  “Monitoring structural changes in walls and 
concrete structures using refl ected coda waves retrieved from 
seismic interferometry”

Dr. H. Hajibeygi
Date                      :   Thursday 1 September 2016
Time                     :   17:00  hrs.
Place                    :   Lecture room G – CiTG building
Mousa HosseiniMehr:  “Multilevel Multiscale Method for 
Embedded Discrete Fracture Modeling Approach (F-MLMS)”

Dr. H. Hajibeygi
Date                      :   Tuesday 30 August 2016
Time                     :   17:00  hrs.
Place                    :   Room 02.110 – CiTG building
Mousa HosseiniMehr:  “Multilevel Multiscale Method for 
Embedded Discrete Fracture Modeling Approach (F-MLMS)”

Dr. D.V. Voskov
Date                      :   Friday 26 August 2016
Time                     :   11.00  hrs.
Place                    :   Room 2.62 – CiTG building
Robin Menezes:  “Impact of temperature on low salinity effect 
in carbonate rocks”

Prof. Dr. M.A. Hicks
Date                      :   Thursday 25 August 2016
Time                     :   15:00  hrs.
Place                    :   Room 4.02 – CiTG building
Raluca Toma:  “A design-oriented numerical investigation on 
seismic soil-structure interaction”

Prof. Dr. M.A. Hicks and Dr. A. Askarinejad
Date                      :   Monday 29 August 2016
Time                     :   17:00  hrs.
Place                    :   Room 2.62 – CiTG building
Sharief El Banna:  “The effect of overlapping passive zones in 
sand investigated by a geotechnical centrifuge model”

Prof. Ir. C.P.J.W. van Kruijsdijk
Date                      :   Friday 2 September 2016
Time                     :   15:00  hrs.
Place                    :   Room 02.110 – CiTG building
Henneke de Vries:  “Developing a workfl ow for upscaling 
polymer fl ooding”

Prof. Dr. Ir. J.D. Jansen
Date                      :   Friday 26  August 2016
Time                     :   13:00  hrs.
Place                    :   Room 4.02 – CiTG building
Fu Kai Yap:  “Representative Models for History Matching 
and Robust Optimization”

Prof. Dr. M.A. Hicks
Date                      :   Friday 14 October 2016
Time                     :   11:00  hrs.
Place                    :  Room 2.98 – CiTG building
Sil Roelen:  “Geotechnical Risk Management - A Statistical 
Framework to Assess the Effect of Sampling Density on 
Dredge Performance” 

Dr. H. Hajibeygi
Date                      :   Friday 7 October 2016
Time                     :   16:00  hrs.
Place                    :  Room 4.98 – CiTG building
Barnaby Fryer:  “Algebraic Dynamic Local Grid Refi nement 
for Compositional Displacements in Heterogeneous Porous 
Media” 

Prof. Dr. P.L.J. Zitha and Dr. K.H.A.A. Wolf
Date                      :   Monday 10 October 2016
Time                     :   16:30  hrs.
Place                    :  Room 02.110 – CiTG building
Athanasios Tzanavaris:  “Dielectrical aspects of CO2-enriched 
water in clean porous rocks” 

Dr. P.J. Vardon
Date                      :   Thursday 13 October 2016
Time                     :   14:00  hrs.
Place                    :   Room 2.99 – CiTG building 
Noor Pruijn:  “The improvement of the material point method 
by increasing effi ciency and accuracy”

Dr. A. Barnhoorn
Date                      :   Monday 10 October 2016
Time                     :   14:00  hrs.
Place                    :  Room 3.99 – CiTG building
Aswien Dwarkasing:  ‘’3D fracture analyses of various rock 
samples through x-ray micro-tomography’’ 

Prof. Dr. Ir. T.J. Heimovaara
Date                      :   Friday 16 September 2016
Time                     :   13:00  hrs.
Place                    :  Room 1.98 – CiTG building 
Marilou Sleiderink:  “Dynamic characterization of soil organic 
matter through a mechanistic reaction network”

Prof. Dr. Ir. J.D. Jansen
Date                      :   Thursday 15 September 2016
Time                     :   9:30  hrs.
Place                    :   Room 2.02 – CiTG building
Marloes Jongerius:  “The impact of production-induced 
reservoir compaction on the recovery of gas from shallow 
reservoirs”

Prof. Ir. C.P.J.W van Kruijsdijk
Date                      :   Tuesday 13 September 2016
Time                     :   14:30  hrs.
Place                    :   Room 3.02 – CiTG building
Steven Busch:  “Sensitivity analysis of the partitioning inter-
well tracer test for oil saturation determination”
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Prof. Dr. P.L.J. Zitha and Dr. A. Barnhoorn
Date                      :   Friday 26 August 2016
Time                     :   14:00  hrs.
Place                    :   Room 02.110 – CiTG building
Faroek Janmahomed:  “An Experimental Investigation on the 
Rock Mechanical Behavior of Synthetic Layered Systems and 
Load-Cycling of its Individual Constituents”

Prof. Dr. Ir. J.D. Jansen
Date                      :   Friday 26 August 2016
Time                     :   15:00  hrs.
Place                    :   Room 4.02 – CiTG building
Iris van Breukelen:  “Gas condensate allocation based on an 
equation of state model”
Prof. Dr. Ir. E.C. Slob, Prof. Dr. Ir. C.P.A. Wapenaar and Dr. Ir. 
G.G. Drijkoningen

Prof. Dr. P.L.J. Zitha
Date                      :   Monday 25 July 2016
Time                     :   14:30  hrs.
Place                    :   Meeting room 2.62 – CiTG building
Rahul Prabhakaran:  “Pore Pressure Effects on Net Fracture 
Pressure and Hydraulic Fracture Containment”

Prof. Dr. Ir. J.D. Jansen
Date                      :   Thursday 28 July 2016
Time                     :   10:00  hrs.
Place                    :   Room 02.110 – CiTG building
Rose Sharifian:  “Temperature Modelling for Nodal Analysis”

Prof. Dr. C. Jommi
Date                      :   Thursday 14 July 2016
Time                     :   10:00  hrs.
Place                    :   Room 02.110 – CiTG building
Christian Houkes:  “Review and validation of settlement 
prediction methods for organic soft soils, on the basis of three 
case studies from the Netherlands”

Prof. Dr. M.A. Hicks
Date                      :   Friday 15 July 2016
Time                     :   10:00  hrs.
Place                    :   Lecture room F – CiTG building
Carlos Pozo Andrade:  “Soft Boundary Effects (SBE) on the 
Behaviour of a Shallow Foundation”

Prof. Dr. M.A. Hicks
Date                      :   Friday 15 July 2016
Time                     :   14:00  hrs.
Place                    :   Lecture room G – CiTG building
Manuel Aukenthaler:  “The frozen & unfrozen Barcelona 
Basic Model - A verification and validation of a new 
constitutive model”

Dr. Ir. R. Farajzadeh
Date                      :   Wednesday 13 July 2016
Time                     :   14:00  hrs.
Place                    :   Room 2.02, CiTG building
Mick Roukema:  “The effect of short chain polymer on the 
stability of foam in porous media”

Prof. Dr. G. Bertotti
Date                      :   Friday 8 July 2016
Time                     :   13:30  hrs.
Place                    :   Room 02.110 – CiTG building
Christian Kluge:  “A Structural Modeling Approach on Timing 
& Evolution of Mesozoic Anticlines in the Western High 
Atlas, Morocco”

Prof. Dr. M.A. Hicks
Date                      :   Friday 1 July 2016
Time                     :   14:00  hrs.
Place                    :   Room E – CiTG building
Thijs Lukkezen:  “Implementation and inspection of a high-
cycle accumulation model”

Dr. Ir. Broere
Date                      :   Friday 24 June 2016
Time                     :   16:30  hrs.
Place                    :   Room 02.110
Amy Steiner:  “‘The influence of freeze-thaw cycles on the 
shear strength of Illite clay”
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MV Calender

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 Mijnbouwkundige 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. However, 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 taff
Christine Klöpping
Davini Kalloe
Martijn Bos
Jeanne Steijn
Goof Blokker
Jesse de Jong (QQ)

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

Poster
Photo taken by: Laura Precupanu
Location: Black Sea, Romania

Cover
Photo taken by: Leon Salcedo
Location: Bryce Canyon National Park

Date         Event

4 November        Barbaraborrel

17 November        MV Cup

28 November – 9 December       Petroleum Company Days

2 December        Barbara rede

7 December        Sinterklaas visit in ‘het Noorden’

13 December        Master skating event

17 December        Parent day

20 December        Kerst drink

30 December – 8 January       Winter sport

13 January        Barbaraborrel

3 February        Barbaraborrel

6 February – 12 February       Second years’ excursion
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