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Presidential

Editorial

Dear Reader,

I would like to thank the students who provided the feedback on 
the previous Natural Resource. Since the previous edition was pub-
lished, we have been trying to create a Natural Resource with a lot 
of varying articles and a good readability. 

For the first time this academic year, there is a Study Abroad article 
in which Jasper de Lanoy and Eelco Mechelse talk about their study 
abroad experience in South Africa. We have another new topic, aim-
ing to highlight the Honorary Members of the Mijnbouwkundige 
Vereeniging. We asked Prof. Weber to write an article about his life 
and his contribution to the MV. We received a wonderful article, in-
cluding some nice handdrawn pictures. So, read our new topic ‘Hon-
orary Members in the Spotlight’ and make the Weber Puzzle! 

Furthermore, in this edition we have a Master Thesis and a Bachelor 
thesis. The Master Thesis is about Electrokinetics in Low Salinity Wa-
terflooding and it is written by Robert de Velde Harsenhorst. 

The Bachelor Thesis focuses on detecting morphology changes due 
to oyster reefs in a tidal basin, written by Adriaan Visser. 

You will also find a piece written by Lars Gebraad about the Sec-
ondyear excursion, Randy Calis talks about the  Controlled-Source 
Electromagnetic fieldwork near Schoonebeek and Prof. Giovanni 
Bertotti is a miner in the movie.

On behalf of the whole editorial staff I would like to thank all con-
tributors for their articles and photographs. Enjoy reading!

Glück Auf, 

Yasna Witteveen
Chief Editor 

Dear members and other readers,

The days are flying by and we have already arrived at  three quarters 
of this academic year. It is officially spring and hopefully the sun will 
start being a bit more generous from now on. Since we were tired 
of waiting for the sun to show up, the 123rd board visited the city of 
Marrakech in Morocco. When we came back in Delft the 122nd board 
left a nice surprise for us in the MV Room.

Some interesting activities have taken place this period such as a La-
TeX workshop and a company presentation of ING about the financ-
ing side of big oil & gas and metals & mining projects. Besides that, 
DAP (Delfts Aardwarmte Project) organised their fourth symposium 
in February. It was a very interesting day about the cogeneration of 
electricity and heat in areas with a low geothermal gradient.

In the weekend of 21 to 22 March a delegation of the MV drove to 
Gelderland for  the CultuRally. Around 80 people and 20 cars partici-
pated in this car rally. Some interesting cars showed up to partake, 
among them a Porsche Turbo, a Ferrari and an actual Bugatti rally 
car from back in the days. The route and locations that were com-
posed by the Rally Committee have proved us that our own country 
can be very beautiful. The highlight of this day was the final loca-
tion, ‘de Essenburgh’ in Hierden, which is a luxurious castle where 
we were treated with enough food, beverages and a nice cosy bed 
for the remainder of the short night.

The first of April we had our annual returning party called “BLAF” 
with the geologist from Utrecht and Amsterdam. As usual the only 
people to experience any kind of fun with were the ones from Delft.

One of the biggest events of this year is coming closer and closer. At 
the end of April the Half Lustrum will kick-off. The HaLuCo has been 
very busy the entire year to organise this event which will pay off 
for sure. The opening of the Half Lustrum will take place on the 23th 
of April which is combined with the opening of the Mineralogisch-
Geologisch Museum (MGM). Registering for the opening of this new 
museum in the old mining faculty is possible on tudelft.nl/open-
ingmgm. Furthermore an international mining and petroleum sym-
posium will be held on April 28th with the topic: “Resources in the 
future: Risk minimization through innovation”. Besides that, we will 
have excursions, an open party and finish with a formal ball. More 
information and tickets can be found on mvlustrum.nl. I hope to see 
you all at these coming events!

I would like to conclude with a firm and harmonious,

Glück Auf!

Marnix Koops
President der Mijnbouwkundige Vereeniging
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Arctic: Ferromanganese crusts record past 
climates

The onset of northern hemispheric glaciation 
cycles three million years ago has dramatically 
changed Arctic climate. Scientists of the GEO-
MAR Helmholtz Centre for Ocean Research 
Kiel, Germany have now for the first time re-
constructed the history of Arctic climate based 
on records archived in ferromanganese crusts. 
The study, a collaboration with the United 
States Geological Survey (USGS) and the Swiss 
Federal Institute of Technology Zurich (ETH), 
has now been published in the journal Earth 
and Planetary Science Letters.
In the past decades ferromanganese crusts 
have been the focus of interest due to their 
resource potential of valuable metals such as 
cobalt, nickel or rare earth elements, which are 
highly enriched in these crusts. For the mo-
ment, however, the cost of underwater mining 
outweighs their cost of recovery. Future price 
development will change this and deep-sea 
mining may one day become profitable. In 
their new study, the German marine scientists 
show that their metal content is not the only 
value of these crusts but that they are also ar-
chives of past climate changes.

h t t p : / / w w w . s c i e n c e d a i l y . c o m / r e l e a s -
es/2015/04/150409120451.htm

Natural oil dispersion mechanism found 
for deep-ocean blowout

A first-of-its-kind study observed how oil 
droplets are formed and measured their size 
under high pressure. They further simulated 
how the atomized oil spewing from the Ma-
condo well reached the ocean’s surface dur-
ing the Deepwater Horizon accident. The 
findings from the University of Miami (UM) 
Rosenstiel School of Marine and Atmospher-
ic Science and University of Western Austra-
lia research team suggest that the physical 
properties in deep water create a natural 
dispersion mechanism for oil droplets that 
generates a similar effect to the application 
of chemical dispersants at oil spill source.
The results of the laboratory experiment 
were applied in a field-scale simulation un-
der the same physical conditions that ex-
isted during the Macondo well blowout. In 
the computer simulation, the team tracked 
the oil released at a constant rate of 1000 
oil droplets every two hours at a depth of 
300 meters above the Macondo well, corre-
sponding to the depth of the observed deep 
plume, from April 20 to July 15, 2010, when 
the Macondo well was capped; droplets were 
tracked for an additional 24 days after the 
cap was in place.

h t t p : / / w w w. s c i e n c e d a i l y. c o m / r e l e a s -
es/2015/04/150402161826.htm

Meteorites key to the story of Earth’s 
layers

New analysis of the chemical make-up of me-
teorites has helped scientists work out when 
the Earth formed its layers.The research by 
an international team of scientists confirmed 
the Earth’s first crust had formed around 4.5 
billion years ago.The team measured the 
amount of the rare elements hafnium and 
lutetium in the mineral zircon in a meteorite 
that originated early in the solar system.
“Meteorites that contain zircons are rare. We 
had been looking for an old meteorite with 
large zircons, about 50 microns long, that 
contained enough hafnium for precise analy-
sis,” said Dr Yuri Amelin, from The Australian 
National University (ANU) Research School of 
Earth Sciences.
h t t p : / / w w w. s c i e n c e d a i l y. c o m / r e l e a s -
es/2015/04/150413161541.htm

Gold price hits 6-week high as hedge 
funds run for cover

Large scale speculators in gold futures are 
scrambling to cover massive short positions 
– bets that prices will fall – as the price of 
gold continues to recover from near four-
year lows hit last month.
On Monday gold for delivery in June – the 
most active futures contract – leaped $23.30 
or nearly 2% from Thursday’s closing price 
hitting $1,224.20 during lunchtime trade in 
New York before settling at $1,218.60, a six-
week high.
Gold has now rallied some 6% from its 2015 
low of $1,148.20 an ounce hit mid-March but 
is still well below highs above $1,300 reached 
in January.

http://www.mining.com/gold-price-hits-
6-week-high-hedge-funds-run-cover/

Metals used in high-tech products face 
future supply risks

in a new paper, a team of Yale researchers 
assesses the “criticality” of all 62 metals on 
the Periodic Table of Elements, providing key 
insights into which materials might become 
more difficult to find in the coming decades, 
which ones will exact the highest environ-
mental costs -- and which ones simply can-
not be replaced as components of vital tech-
nologies.
During the past decade, sporadic shortages 
of metals needed to create a wide range of 
high-tech products have inspired attempts 
to quantify the criticality of these materials, 
defined by the relative importance of the ele-
ments’ uses and their global availability.
Many of the metals traditionally used in 
manufacturing, such as zinc, copper, and 
aluminum, show no signs of vulnerability. 
But other metals critical in the production 
of newer technologies -- like smartphones, 
infrared optics, and medical imaging -- may 
be harder to obtain in coming decades, said 
Thomas Graedel, the Clifton R. Musser Pro-
fessor of Industrial Ecology at the Yale School 
of Forestry & Environmental Studies and lead 
author of the paper.

h t t p : / / w w w. s c i e n c e d a i l y. c o m / r e l e a s -
es/2015/03/150327111816.htm

News
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All the companies gave a good impression of what it is like to 
work for them. This usually included ways to get into the com-
pany, trainee programs and even salaries! Most of the companies 
are multinationals, and not originating from the Netherlands, 
thus all having very different strategies and policies. It was quite 
interesting to see how all the companies differ.

The first day’s schedule was Fugro and PGS (Petroleum Geoser-
vices). Fugro is a company specializing in many branches of geo-
engineering. We got a tour through the cone-lab, where they 
produce state of the art cones for all kind of subsurface tests. We 
were actually also tested ourselves; we were divided in groups of 
5 and asked to do a case study of a site-investigation, complete 
with cost-estimation and material descriptions. This surprised 
most of us, that early in the morning. The afternoon was spent 
at the Leiden office of PGS. PGS performs subsurface exploration 
with different geophysical methods, but they do not operate any 
petroleum projects itself. The geophysical methods of course 
include seismics, but they are also actively developing electric 
methods. PGS gave us a good impression of what it is like to work 
on a seismic vessel, and what new kinds of technologies they de-
velop.

The second day was reserved for the European Space Agency 
and Frisia. At the facility of ESA in Noordwijk (ESTEC facility) dif-
ferent earth observation programs were shown, including GRACE 
(gravitational measurements) and Envisat (Environmental satel-
lite). This stop was new for both the second years excursion and 
Applied Earth Sciences in general; it was the first time a company 
relevant to the new master’s program Geoscience and Remote 
Sensing was visited. The afternoon was spent at Frisia in Harlin-
gen, a salt solution mining company, part of Esco. They pump 
water down a well to solute salt at a depth of about 2800 meters. 
They produce salt for among other things, the industry and the 
roads. Just recently, they received a permit to produce salt from 
underneath the Waddenzee, using a horizontal well.

The third day we arrived in the east of The Netherlands, at the 
Schoonebeek oil field. After a presentation of an AES alumnus 
about the geological setting and the operation itself, we had a 
tour past the (many) wells at Schoonebeek, and the Oil Treat-
ment Installation. The most remarkable thing was seeing how 
many pumps are operated, and seeing how close the German 
and Dutch pumps are along the border. As a tradition, we went 
swimming in the afternoon at a pool in Germany. After three days 
in a suit, most of us were glad to take it off and spend the after-
noon in the jacuzzi.  
The following day started at a mining museum near the mine of 
the afternoon stop. The three-man  crew of the museum were 

quite surprised when a group of 30 students greeted them with 
a traditional ‘Glück Auf’. The fourth afternoon we visited another 
operation of Esco, the Kali und Salz mine near Hannover. The Sig-
mundshall mine is a stoping mine extending around 1400 me-
ters below ground at the moment. After donning a paper overall, 
plugging in the ear plugs and ensuring we had enough water 
we rode down the shaft for 500 meters to the engine pool. From 
there we drove in vans to various locations within the mine. Upon 
arriving at the deepest point, most of us were drenched in sweat. 
No wonder, because at the deepest point the temperature was 58 
degrees! Afterwards we went out for dinner with the people who 
gave us the tour through the mine.

On the first four days, all master tracks were already covered. On 
the fifth day, we visited HKM blast furnaces, more related to min-
eral engineering. We toured their extremely large plant, while 
seeing the process that turns minerals into steel. Every facility in 
this process, from the blast furnaces to the casting shop, seemed 
to involve red hot metal, spectacularly dangerous and over-
whelmingly impressive. It was quite an intense operation, with so 
many plants, rail tracks and roads on a small area.

Most of us have really gotten an impression of all the possibili-
ties in the industry, as well as their personal preference. It’s re-
ally great that the students get the ability to see this before they 
choose their master track. To all prospective second years, grab 
your chance with this excursion!

Glück Auf,

Lars Gebraad

Applied Earth Sciences (AES) has a very broad study program. In that program, students are introduced to many aspects of both industry 
and research areas where AES engineers and scientists are needed. It is nevertheless a very hard choice to make which master one wants 
to do. In the second year, the Mijnbouwkundige Vereeniging gives a better view of all the options, by taking the students on a company 
excursion of 5 days. At many of the companies our group was greeted by alumni of Applied Earth Sciences.

By Lars GebraadSecondyear Excursion

▲ Figure 1:  Kali & Salz
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An additional feature tested for is the pres-
ence of ripples in the sand, like the ripples 
one can see on the beach. A variogram can 
be used to determine the amplitude, wave-
length and direction of the ripples. A direc-
tional variogram basically gives the correla-
tion for spatially distributed attributes; in 
other words it tells one how much the height 
at one location is related to the height fur-
ther away in a certain direction. If a wave 
form is present in the data, it will show up on 
the variogram (fig 2). The square root of the 
maximum of the variogram gives the height 
of the wave, amplitude, and the distance 
from the maximum to the first minimum 
is half the wavelength. This happens since 
points on the same phase of the wave, e.g. 
two tops, are highly correlated, whilst points 
180° out of phase, tops and bottoms, are very 
uncorrelated.

The deformation testing is done using a sta-
bility test (Teunissen. 2000b):

where E{} is the vector of observations ri, As 
the stable model and Qy the matrix of vari-
ances σ2ri of the measurements ri. To obtain 
the best possible fit for the residual vector, 
i.e. the smallest error, the least squares meth-
od is used:

Finally an overall-model test is done with a 
zero-hypothesis H0 that there is no deforma-
tion:

The value of Tq is checked against a critical 
value of kα, where α denotes the reliability 
of the test. This value is set to 0.01%, thus 
99.99% certainty that the point is actually 
deformed.

The Eastern Scheldt has suffered from sand 
loss since the building of the railway to Zee-
land in 1867 which cut off the fresh water 
from the river Scheldt. When in 1986 the 
Deltawerken were built the other end ham-
pered flow as well. Sand then flowed out of 
the Eastern Scheldt, but there was no influx 
of new sand. When in 2002 this area became 
the largest national park of the Netherlands a 
pilot was started for ways to retain the sand. 
One of the solutions was the building of oys-
ter reefs from the Pacific Oyster, which are 
naturally sturdy enough to withstand storms

A terrestrial laser scanner (TLS), works on 
the basis of the travel time of pulses of light 
through air. The velocity of light through air 
is known quite accurately, so the distance be-
tween the scanner and reflective point can 
be inferred from the two way travel time. Us-
ing the scanner’s inertial reference frame the 
direction of scanning and tilt of the beam are 
known for each pulse, resulting in a spheri-
cal coordinate system for each scan. Using 
now the on-board GPS this can be rewritten 
to Cartesian coordinates, which is needed 
when tying separate scans together. To make 
this stitching process more smooth several 
reflective pieces of metal are positioned 
around the area and kept in place between 
scans as benchmarks.

Two areas which have been monitored for 
several years are used in this thesis, to have a 
time series from which to extract differences. 
The data of the shoals were collected during 
low tide and mild weather, since the laser 
cannot penetrate water and gets distorted by 
rain and wind sway. All four point clouds, two 
eras for both areas, contain at least 60 million 
points. The point density map is rather inter-
esting (fig 1); due to the nature of movement 
of the scanner there are more points close to 
the scanner than there are further away, cre-
ating these circles on the map. This has quite 
some consequences for resolution, as will be 
discussed later on.

For my bachelor thesis I went to the NIOZ, koninklijk Nederlands Instituut voor Onderzoek de Zee, a marine research institute in Zeeland. 
They scanned sand shoals in the Eastern Scheldt every three months to monitor the effectiveness of oyster reefs placed there to prevent 
sand erosion. They could not, however, process the data efficiently, since the amount of points per scan is huge. So I set out to find a more 
manageable way for them to process the data.

By  Adriaan Visser

Detecting morphology changes due to oyster reefs in a tidal 
basin using Terrestrial Laser Scanning.

1
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▲Figure 1: point density per grid cell at 27 02 2012 at Val. The colour scale is logarithmic, from 100 
to 3∙104.

▲Figure 2: variogram hole-effect (Brusilovs-
kiy, 2009).
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Since the variograms take 12 hours to make 
per dataset a proof of concept has been done 
on two cells. The cell with centre (320;241) 
from the 2012 Val set has a good ripple pat-
tern in it, where the ripple direction is found 
to be 45°, with an amplitude of 6.1mm and 
a wavelength of 5.28cm (fi g 4). The direction 
is found calculating the standard deviation 
of each separate direction in the variogram, 
and perpendicular to the lowest standard 
deviation is the direction of waves. On this 
radial the distance to the fi rst maximum is 
the wavelength and the square root of that 
maximum is the amplitude. All in all this cor-
responds with the visual inspection of the 
entire point cloud, proving that this method 
can indeed detect tidal ripples. 
 
One of the most important choices to be 
made in this program is the grid size. It is a 
trade-off  between resolution on one hand 
and calculation speed on the other. Having 
a large grid size speeds up calculations but 
has a rather poor resolution and vice-versa. 
The problem with resolution is not merely 
accuracy for the deformation, but also the 
areal extent of the data. If a 10×10cm grid is 
used a single point on the fringes of the data 
will represent an area of 0.01m², whilst if a 
50×50cm grid would be used it would repre-
sent 0.25m². At the outer edge of the dataset 
this is not a problem, however, larger grid 
cells will also cover areas that should remain 
void of data, like water fi lled gullies. When are 
made grid cells too small, say 1×1cm, a lot of 

The same can be concluded from the smaller 
shoal of Val (fi g 3), where the diff erence is 
even more pronounced due to the connec-
tion of the reef to the dike. A total gain of 
7753m³, of which 4383m³ occurred behind 
the reef. Interestingly sand accumulates in 
from of the reef as well, as opposed to the 
situation at Viane. It is possible that the reef 
slows water down enough below erosive 
speeds and the gullies in the shoal act as 
drainage channel. All erosion would then be 
concentrated in the gullies, which are void of 
data and would therefore distort the actual 
amount of erosion/deposition.

The algorithm fi rst bins all points in 0.1m² 
cells, then averages the heights, throws away 
any outliers and stores the number of points 
and standard deviations per cell as well. The 
grid thus obtained has fi xed cell centres, 
which overlap exactly in all epochs as op-
posed to the points themselves. Diff erencing 
the two epochs is now possible by simply 
subtracting the two epochs and then using 
the stability test to check whether the ob-
served changes are statistically valid.

The variogram is only made for cells contain-
ing more than 200 points, for two reasons. 
One is that the variogram validity breaks 
down with less than ~150 points, the sec-
ond is a geometrical one. If there are too few 
points in a cell the ripples will not be sam-
pled densely enough to extract them, since 
they have wave length of approximately 
3cmIt can be concluded that the reefs work. 
The erosion in front of and besides the reef 
is still quite pronounced, but directly behind 
the reef erosion has stopped completely 
and even turned to deposition in places (fi g 
3). The total change in sand volume on the 
shoal of Viane between 6 November 2012 
and 24 October 2013 amounts to an ero-
sion of 912m3 of sand. Upon looking at the 
distribution of erosion and deposition it is 
clear that the reefs hold on to approximately 
150m3 of sand, whereas erosion on the rest 
of the shoal is quite large. 

▲Figure 3: height diff erence map for Val for the period of one year. The colour scale ranges between 
-0.5m to 0.5m relative to NAP.

▲Figure 4: directional variogram of the cell with centre (320;241) with 20cm edges at Val 27-02-
2012. Colours denote the average variability in the cell for that direction on that distance. The circle 
runs from north on the lower left, via east on top to the south. The purple line is in the direction of 
least variability, the red line perpendicular to that shows the wave direction.
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to do with the fact that the angle between 
the ground and the beam gets so small, the 
laser reflects completely in the forward direc-
tion, instead of back to the scanner. Using the 
LR a dike 600m away had a point density of 
5 points per 0.25m², which was still enough 
to observe it in the data. Using LR in flat ar-
eas instead of HS requires the scanner to be 
moved between less positions to scan the 
full area, but the increase in range is about 
45%, thus doubling the scanned area, whilst 
it takes three times as much time. For flat ar-
eas it is therefore recommended to use the 
HS because of the limiting effect of the beam 
angle. When scanning stark relief areas, how-
ever, such as open-pit mines, buildings and 
dikes the LR effectively triples the range.

Finally, one of the largest problems in scan-
ning tidal shoals is the presence of water. 
The red laser (1064nm) cannot penetrate 
water, resulting in areas void of data. This 
problem can be overcome by using a green 
laser (532nm) instead, which can penetrate a 
couple of metre of water if the water is clear 
enough and not too rough so that the laser 
beam does not get a distorted position.

References
Brusilovskiy, E., (2009). Spatial Interpolation: 
A Brief Introduction. Presentation for Busi-
ness Intelligence Solutions

Teunissen, P.J.G., (2000b) Testing Theory; an 
introduction, 1st ed. Delft University Press, 
Delft, The Netherlands

since the angular increment of the beam 
to the horizontal remains constant (fig 5). 
Moving the scanner upwards increases the 
height of the triangle of beam-ground-scan-
ner. The ground distance between two point 
is then given by                                                   , 
so increasing height with a constant angular 
increment linearly decreases the ground dis-
tance between points and point density de-
creases quadratically with ground distance. 
This results in a loss of resolution close to the 
scanner, but with point densities in excess of 
80.000 per 0.25m² this is not a problem. The 
point would be moved away from the scan-
ner, maintaining minimum resolution for a 
larger distance.

The other option tested is the high-speed(HS) 
versus long-range(LR) mode. This is a setting 
of the scanner itself; HSconducts 122.000 
measurements/second up to 160m, whilst 
the LR conducts 42.000 measurements/sec-
ond up to 600m. So, in order to obtain the 
same amount of points the LR requires triple 
the time of the HS. To test the difference 
between the settings four scans have been 
made of a fallow field, which is essentially flat 
with the plough-furrows being the sole to-
pography. Two scans have been made from 
the top of the dike (5.5m elevation), using 
HS and LR, and two scans from the bottom 
of the dike (-1m elevation), using HS and LR.

One interesting result is that the LR setting 
measured heights to be slightly higher than 
using the HS at exactly the same spot, but 
since no benchmark height is available, no 
conclusions can be made as to which setting 
is more accurate. What can be said however, 
is that the effective range of the scanner on 
a flat area is about 180m using the HS, and 
260m using the LR. This is far from the 600m 
the producer of the scanner claims, but has 

deformation would show up just because 
ripples are migrating. The 25×25cm grid was 
found to be satisfactory on all counts.

As visible in figure 1 the point density drops 
off drastically with increased distance to the 
scanner. This means that close to the scan-
ner morphological features with size in the 
order of centimetres can be identified, whilst 
further away only large bed forms can be re-
covered.

The biggest advantages in terms of com-
putational time could be obtained by us-
ing programming languages better suited 
to dealing with large datasets, for instance 
C. That way only small parts of the dataset 
have to be stored in memory each time for 
a single operation, instead of clogging up 
memory with data that has already been pro-
cessed. With the variogram application tak-
ing 10 hours for 80M points this could mean 
a huge advantage. One could use a Delaunay 
triangulation of the surface as well, making 
it easier to process without losing resolution. 
This way a high resolution is possible near 
the scanner and lower resolution the further 
one moves away.

A study has also been conducted to find the 
optimal settings and elevation of the scan-
ner for scanning the low-lying shoals. These 
shoals are only briefly above the water line 
at low tide, so it has to be scanned as fast as 
possible without losing resolution. If the only 
desired parameter to obtain from scanning is 
the amount of erosion/deposition, one point 
per 100cm² is enough to fill the grid satisfac-
tory. When looking at figure 1, one can see 
that this density is far exceeded close to the 
scanner, but drops of very fast. By placing 
the scanner at a higher elevation the point 
density close by the scanner would decrease, 

Δ d≈ d
2

h
t a n( Δϕ )

▲ Figure 5: schematic drawing of the scanner during scanning
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The Barbórka is a polish mining celebration, on the day of St. Bar-
bara. As you all know, St. Barbara is the patron of the miners. In 
Eastern Europe the patron of miners has a bit more importance 
than here in the Netherlands and their celebration is bigger than 
the Dutch one. That is why we went to Poland for the festivities.
Our trip started, traditionally, in ‘Het Noorden’. Some members 
of our group stayed there, until it was time to prepare for the 
journey. After a quick change of clothes, into the traditional tail-
coat and clogs, it was finally time to leave for Kraków. After a very 
pleasant flight, we finally arrived in Poland. In Kraków, we went 
to visit some old polish friends. After this it was time for our first 
polish beer. 

Suddenly, it was time for the Barbórka. When we arrived there, it 
was unlike anything I had ever seen. There was a long hall filled 
with rows of tables and a lot polish miners, who all wore tradi-
tional uniforms. At the head of the tables there was some sort of 
podium, with a long table. The evening started with a giant piece 
of meat, some other local food and of course the inevitable beers. 
After the first beers the evening started with the introduction of 
all the important polish miners who were sitting at the high table 
and would also be the judges of the evening. This was done with 
a lot of music and polish mining songs, which text was luckily on 
a big screen, so we could show our Delft singing skills although 
none of use knows the language. During all the songs there was 
some kind of dancing, and even a real polonaise! When the songs 
ended, we could satisfy our thirst with a continuous flow of beer 
that the freshmen provided. When the games started, it became 
clear that we were the best at every game, from snowboarding 
without snow to a drinking contest. Unfortunately, the evening 
was coming to an end and it was time to leave. Some members 
were still capable of going to the after party, but some went back 
to our hostel.

Early next morning, we left for the Wieliczka Salt Mine. This 13th 
century mine is one of the oldest salt mines in Europe and has 
been converted into a museum. Because we were all mining stu-
dents we did the miners tour. During this tour we visited some 
places that are not in the regular tourist tour, but are still very in-
teresting. Through the large amount of salt in the mine, we were 
all very thirsty when we reached the surface. So after a visit to the 
local pub, we were ready to go back to Kraków for another night 
in this city, which started with a visit to a large Christmas market. 
The next day was a day of exploring the city by daylight. We 
went to see the castle and Smog Wawelski. We also heard that 
the Jewish neighborhood was worth a visit, so we went looking 
for it. With our good sense of direction, it took a while before we 
arrived there, but it was worth the detour. When we had seen 
enough of the neighborhood, it was time to visit the well-known 

part of the town, the center of the city. But the evening could not 
start without the famous Budapest Pancake, a pancake of meat 
and tomato sauce. We were finally ready for another evening in 
Kraków.

Waking up on our last day, we left for a quick lunch with our pol-
ish contact. After a better flight than our first flight, we were in 
Dortmund before we knew and the weekend was almost over.
Barbórka 2014 was a fantastic experience with a lot of good 
memories. We hope we can continue this tradition!

Gluck Auf!

Randy Calis
Steven Busch
Jeras Dieleman
Axel Sanden
Massoud Soleymani Shisvan 
Wesley van Maanen
Pieter Bosman
Jaap van Duijn 

The traditional polish winter weather; subzero conditions and snow. This year it was a little bit different from other years. No freezing 
cold and snow in Kraków, but some nice weather with a little sunshine. We were there for the Barbórka festivities. This year, I was part of 
the group, and was one of the new guys. The plan was to visit Krakow with nine people, but due to unexpected circumstances one group 
member stayed at home, and we went on our way to Kraków with eight miners.

By Jaap van DuijnBarbórka 2014

▲ from left to right: Randy Calis, Axel Sanden, 
Steven Busch, Pieter Bosman, Massoud Soleymani 
Shisvan, Jeras Dieleman, Wesley van Maanen and 
Jaap van Duijn
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Doc Brown

Early in Back to the Future Doc describes his inspiration for the flux 
capacitor (the essential component of time travel in the series) as a 
“vision” which comes to him on November 5, 1955, after he slipped 
off his toilet while standing on it to hang a clock and bumping his 
head on the sink. In replaying this story, Doc states that it took his “en-
tire family fortune” to realize this vision, the time machine he installed 
into a DeLorean Loading truck. He is shot by a group of Chilean ter-
rorists early in Back to the Future, apparently in retaliation for stealing 
copper ores from them to fuel the time machine. He is a wise man 
who knew the risks of opening Marty’s letter but still decided to open 
it for the safety of him and his friends.

Back to the future

Teenager Marty McFly is an aspiring geologist dating girlfriend Jen-
nifer Parker in Hill Valley, California. His family is less ambitious; his fa-
ther George is a geophysicist who is bullied by his site-supervisor, Biff 
Tannen. His mother Lorraine is an overweight alcoholic who clearly 
drank too many Ketel 1 Jenever and mainly reminisces about the past, 

such as how she met George in high school when he was hit by her 
father’s seismic vessel.

Marty meets his geologist friend “Doc” Brown late at night in the park-
ing lot of an open pit mine, where Doc unveils a time machine built 
from a modified DeLorean Loading truck. The vehicle’s “flux capacitor” 
is powered by copper ores that he stole from a mine in Chile. Doc tests 
the time machine by accelerating it to 88 miles per hour, sending it 
one minute into the future, and demonstrates the time circuits by en-
tering an example date of November 5, 1955, the day he invented the 
flux capacitor. Before Doc can make his first trip, the Chileans appear 
in a van and gun him down. Marty attempts to escape in the Loading 
truck but inadvertently activates the time machine, finding himself 
transported to the 30th of April 2015.

Wandering in 2015 Delft, Marty encounters the teenage George, who 
is still bullied by Biff, now a classmate. After Marty saves George from 
an oncoming Bucket Chain excavator and is knocked unconscious, he 
awakens to find himself tended to by an infatuated Lorraine(she’s on 
the Ketel 1 again). Marty goes in search of the 2015 Doc, asking for his 
help to get back to 1985. With no ore left, Doc explains that the only 

In this third edition of the Natural Resource we have our second Miners in the Movies article. This time it is all about the movie Back to the 
Future 1 and the character being portrayed is Doc Emmet Brown, the inventor of the “time machine”.

By Wesley van MaanenMiners in the Movie
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power source capable of the necessary 1.21 gigawatts of electricity is 
a keg of beer. Marty shows Doc a flyer from the 10th HalfLustrum that 
recounts an open party at DSB that night. Doc formulates a plan to 
harness the power of the beer, while Marty sets about introducing his 
parents to each other to ensure his own existence.
Marty makes several attempts to set George up with Lorraine, but 
only antagonizes Biff and his gang in the process, causing Biff to 
crash his shovel into a wheel loading truck. Marty also attempts to 
warn Doc about his death in the future, but Doc refuses to hear it, 
fearing it will alter the future.

When Lorraine asks Marty to the upcoming open party, Marty plans to 
have George attend as well and “rescue” Lorraine from Marty’s inappro-
priate advances. The plan goes awry when a drunken Biff shows up(it 
seems Biff likes Ketel 1 too), pulls Marty from his car, and attempts to 
force himself on Lorraine. George arrives to rescue her from Marty but 
finds Biff instead; standing up to him for the first time, George knocks 
out Biff. A smitten Lorraine follows George to the dance floor, while 
Marty helps the band and ensures that his parents kiss for the first time.

As the storm gathers, Marty arrives at the bar. Doc angrily tears up a 
warning letter Marty has written him, still fearing it will alter the future, 
and a fallen branch suddenly disconnects the massive wire Doc has run 
from the beer keg to the truck. As Marty races the loading truck at 88 
miles per hour towards the bar, Doc climbs across the face of the bar to 
reconnect the cable and to take over the bar. The beer strikes in on cue, 
sending Marty back to 1985 ten minutes before he left it. Marty runs to 
the shopping mall, but arrives too late only to watch Doc get gunned 
down and his counterpart escapes to 2015. After a moment, Doc arises 
with a bullet-proof vest thanks to Marty’s letter, which he kept. Doc 
then takes Marty home and departs to 1985.

Marty awakens the next morning to find his family changed: George is 
a self-confident, successful geophysicist and Lorraine has switched to 
beer. Biff, instead of being a bullying site-supervisor, is now an obsequi-
ous subordinate to George and Marty. As Marty reunites with Jennifer, 
the DeLorean Loading truck appears with Doc, dressed in a pungel, 
insisting they accompany him in the future. The DeLorean Loading 
truck disappears into the future with Doc, Marty and Jennifer.

The Word ‘Mijn’ By Theo de Winkel 

Mining before mine and mijnbouw

Mining of flintstone (in Dutch ‘vuursteen’) was the first activity of mankind by which people were digging in the earth in order to get materials for 
making fire to start cooking food and later forging metals and warm their living.
In our neighbourhood humans started some 5.000 years ago with this practice. But because the Dutch language is a lot younger, the word ‘mijn’ 
is also a lot younger. Since the 14th century the word ‘mine’ is used in the Dutch language. Indeed, exactly the same word as we only know now in 
English. In the old Dutch language the word mine was used in Dutch in our present meaning of ‘ore’ and ‘ore deposit’. It originates from a similar 
word in French, which is a couple of centuries older with its roots in Keltic. In Gaelic the word mina means ‘ore’ and in Welsh the word for ‘ore’ is 
mwyn. Mwyn is also used for ore deposit and the quarry in which ore is excavated.
In the Dutch language the word ‘mijn’ quickly lost its meaning of ‘ore’. However the word got an additional number of other meanings. At the time 
gunpowder became a common material, which was used in the Middle Ages, also in the excavation of minerals and ores, the word was used with 
another goal. An entry or a hole was filled with gunpowder in order to blow up a building, as for instance the castle of an enemy was called ‘mine’ 
in French and in Dutch ‘mijn’. At the end of the 17th century the gunpowder itself became indicated with ‘mijn’ in Dutch. Round about 1900 the 
word ‘mijn’ also got the meanings of army mines at sea and in land (zeemijn and landmijn). In this respect the Dutch language was inspired by the 
English, where mine was already used earlier in these meanings. It is remarkable that the word mijn only became in common use in Dutch after the 
word became into use for the digging of entries under ground. The verb mineren was already in use one century before mijn became into use, thus 
in the 13th century. Mainly the sequence is the other way around.

Theo te Winkel (with thanks to Ton den Boon from ‘Taalbank”)
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all our problems were solved within a few 
days. 

Eelco decided to enroll in four Geology 
courses to complement his Applied Earth 
Sciences program, whereas I decided to 
try another fi eld of study and enrolled into 
economic and developmental courses com-
bined with some civil engineering. Lectures 
were mostly given in Afrikaans with inter-
preter present for the English speaking, or 
the lecturers would speak both English and 
Afrikaans throughout the lecture. Whereas 
the TU Delft is a technical university, Stellen-
bosch University is not. SUN is more known 
for its humanities and economical faculties. 
This diff erence also becomes clear in the way 
the courses are taught. Mining is more about 
general geology and lacks a mathematical 
and physical approach. The same with the 
civil engineering courses, it is much more 
theoretical and fewer calculations compared 
to TU Delft. On exams you are expected to 
learn a lot by heart instead of applying ev-
erything you have learned, like we do in 
Delft. This is an entirely diff erent method, 
but not necessarily a worse method. Courses 
are given per semester instead of per quar-
ter. For example, our classes started in July, 
midterms were in August/September, after 
which the classes continued and the fi nal ex-
ams started in October/November. Therefor 

apartment buildings, all student housing. A 
little shop, a volleyball fi eld, a fi tness zone, a 
lot of braais and of course plenty of security 
guards were all present within the gates. The 
most beautiful was not the apartment itself, 
but the view when exiting your door and 
walking towards the main door of the apart-
ment block. So yes, this was defi nitely a place 
where you’d want to live for six months. And 
it became even better; it was possible to rent 
a bike for an entire semester through the uni-
versity. For a small price we became the (tem-
porary) owners of two beautiful Matiebikes, 
which turned out to be old ‘OV-fi etsen’ from 
the NS who decided to send them to Africa 
after they were taken out of service in The 
Netherlands. 

After only a few days our introduction start-
ed. Of course a lot of administration and pre-
sentations, but also an open dinner with all 
international students, an excursion to Cape 
Town and introduction lessons in speaking 
Afrikaans and speaking Xhosa (which is the 
traditional language in this region, using 
clicks). Within two weeks after our arrival it 
was time to start our classes. We planned all 
the courses we wanted to take in advance, 
but there turned out to be a few timetable 
clashes. This meant we had to change some 
of our courses immediately, but thanks to the 
extremely helpful international offi  ce almost 

Part 1: General Study Abroad Experience 
by Jasper de Lanoy

Our preparations started way back in the be-
ginning of our second year. When the places 
at the partner universities were announced, 
fi rst a motivation letter had to be written. 
As soon as Eelco and I got confi rmation we 
were allowed to go, we contacted the Inter-
national Offi  ce in Stellenbosch and we could 
start to take care of the long list of require-
ments. Some moments it seemed impossible 
to meet all requirements set by both TU Delft 
and Stellenbosch University and it defi nitely 
limits your freedom of choice. But in the end 
you know, no matter what courses you will 
take, it will be worth it. When studying in a 
foreign country, you are required to obtain 
a study visa. In the case of South Africa, this 
means getting a medical certifi cate, a radio-
logical report to ascertain you don’t have 
TBC, prove of suffi  cient fi nancial funds, prove 
of insurance and many more. To keep a long 
story short, preparing for a minor abroad will 
take a lot of time, eff ort and perseverance.  

On July 10th, 2014 we arrived at Cape Town 
International Airport. From that moment 
on you forget all the trouble you have been 
through in the preparations and start an 
adventure you have been preparing for 
months. Fortunately, we could move into our 
little apartment almost immediately where 
we would stay for the next six months. Our 
apartment building ‘Concordia’ was located 
on a gated complex with about 20 small 

Long before the intercontinental study abroad places were announced, we both knew we wanted to go abroad for our minor, and we 
wanted to go far. Somewhere out of the ordinary, a place where you get a unique experience. We ended up in Stellenbosch, South Africa. 
In the heart of the winelands, only an hour from Cape Town, lays this beautiful town with almost 30.000 students. For six months we 
became part of these 30.000 students and studied at Stellenbosch University (SUN). When you study in Stellenbosch, you are a Matie, you 
ride a Matiebike, you are member of a Maties Sport Club and you listen to Matie FM.

By Jasper de Lanoy and Eelco Mechelse Study Abroad 

  ▲ Standing on the edge of Fish River Canyon, Namibia

▲ The fi rst hours of 2015 at Dune 45 
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go out in the dark by yourself and you know 
there are certain areas you should not be at 
any time of the day, but in general Stellen-
bosch is probably one of the safest places 
in South Africa, so there is no need to be 
worried. Nevertheless the university advises 
to take your safety very seriously; we even 
came across the student special of the uni-
versity, including a stun gun for only €10 and 
pepper spray for €7. Despite the high crime 
rate, the South Africans are really nice and 
kind people. Always willing to help you, in-
terested and friendly. They are relaxed and 
there is no need to make a problem out of 
anything. Eventually you will get the same 
attitude, because when you are in Africa, no 
one will be on time, nothing will ever work 
and you always need a plan B and even a 
plan C. One of the other issues South Africa is 
facing is the shortage of power. This eventu-
ally led to load shedding, which means they 
cut of the power of an entire city/region for 
a few hours. It started with only a few hours 
load shedding in the weekend, but due to 
increasing shortage it once led to four days 
load shedding in a row, up to 8 hours a day. 
Which means the ice-cream in your freezer 
will become fruit juice. Also very tasteful. 
But in the end, do all these problems really 
matter? No they do not. When you learn not 
to count on anything, you learn to let it go. 
There are more important things in life. 

Part 2: Travelling Africa
by Eelco Mechelse

After our first term at SUN there was a holi-
day break during the first week of Septem-
ber. Jasper and I decided to rent a car and 
drive the Garden Route along the coast all 
the way up to Port Elizabeth. Our first stop 
was the beautiful place Hermanus, which 
is really famous for its massive amounts of 
Southern right wales. We were lucky and saw 
a lot of wales from the shoreline. Via the most 
southern tip of the African continent (Cape 
Agulhas) we drove towards Oudtshoorn, 
the ostrich capitol of South Africa. As we 
approached the city of Oudtshoorn tem-
peratures started to reach 30 degrees Celsius 
due to the semi-arid area (Little Karoo) we 
entered. We visited the nearby Cango Caves, 
which are the only stalactite and stalagmite 
caves of Africa. 

school in Lynedoch, a nearby town. We spent 
our Tuesday afternoons with the first-graders 
(6-7 year olds) at the school. Despite the fact 
that they are growing up in harsh conditions, 
it is incredible how energetic and happy they 
are. When being around them, it is impossible 
to not become happy yourself. We hope the 
kids themselves learned a lot from our pres-
ence, but we can definitely say we learned 
from them as well. This is best captured by 
the words of our program leader who spoke 
to us during the closing ceremony: “I am sure 
you will all excel in your own field studies, 
but I hope through this experience you’ve 
learned that only one thing really matters 
and that is having fun in what you are doing.” 
And that is what we did: we as ‘teachers’ had 
fun, the kids had fun and in the process we 
learned from each other. 

During the weekends we often went to Cape 
Town by train, which is supposed to take 
about 75 minutes, so most of the time it took 
about 2 hours.  We hiked up mountains sev-
eral times (Table Mountain, Lions Head, Stel-
lenbosch Mountain), laid down on the beach 
between the penguins, visited the Volvo 
Ocean Race arrival in Waterfront and walked 
around Cape Town. 

South Africa is known for its high crime rate 
and unfortunately this does affect your day 
to day living. The campus security is every-
where. Stellenbosch has a special green zone 
around the university, which basically means 
there is a security guard on almost every cor-
ner of the street. It is not recommended to 

it is easier to take a more in depth approach 
into a subject and there is time available for 
guest lectures and time for lecturers to talk 
about their careers and the future careers of 
the students. 

When living in South Africa for half a year, 
you do more than just studying. Stellen-
bosch itself is not that big and exciting, but 
there is absolutely no reason to be bored. 
The city center features a shopping mall, 
there are some bars and restaurants and the 
famous wine farms are located on the out-
skirts of Stellenbosch, between mountains 
and nature reserves. The university offers a 
lot of sporting opportunities, not only the 
ordinary soccer and rugby type of sports, but 
also underwater hockey, spearo and kendo 
for example. Since I only recently started 
swimming before I went to Africa, I decided 
to continue the swimming during my stay 
in South Africa and I became member of the 
Maties Swimming Club. To be honest, this 
was one of the best decisions I ever  made. 
Imagine swimming in an Olympic sized 
outdoor pool, with a beautiful view on the 
mountain and training during sunset and 
sunrise (yes, there are also training sessions 
starting at 5.40 a.m.) and above all, spending 
your time with wonderful and incredibly nice 
people. 

In addition, we both decided to join the 
Volunteerism and Community Engagement 
program of the university. In this program, 
the international students organize an after-
school program for the children of a primary 

  ▲ The stunning view when exiting or entering our apartment
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rhinos, hyenas and even the birth of a zebra. 
After Etosha we spent one night in the capi-
tol of Namibia, Windhoek, where the newest 
buildings are financed by China in order to 
obtain lucrative mining licenses. We entered 
Botswana and drove towards Maun for a 
two-day trip in the Okavango Delta. We used 
Mokoros (canoes) to reach a remote island in 
the middle of the delta without any electric-
ity or sanitary but surrounded by zebras, hip-
pos, lions and elephants! Together with our 
local guides we went on bushwalks, swam in 
the delta and tried to “drive” a Mokoro, which 
is definitely harder than it seems like. Our 
last stop in Botswana was the city of Kasane, 
which is situated at the border with Namibia, 
Zimbabwe and Zambia. I did an optional 
game drive in Chobe National Park, which 
is in my opinion the most beautiful National 
Park of Southern Africa. Along the Chobe 
River, which flows through the park, we saw 
hundreds of elephants together, many hip-
pos and even a leopard! As I already stated 
earlier, border crossings can be tricky in Af-
rica and this was the case between Botswana 
and Zimbabwe. Customs in Zimbabwe did 
not agree with a handwritten form because 
it should have been typed on the computer 
but after waiting 45 minutes and paying 
them some money we were allowed to enter 
Zimbabwe. It was a short drive to the Victoria 
Falls, which was the perfect final destination 
of this unforgettable road trip with so many 
new experiences! 

far north. After a long drive through a surreal 
landscape, which has more similarities with 
Mars than any place on earth, we arrived at 
the second largest canyon on earth! We en-
joyed sunset at this magnificent place and 
drove back to our campsite for a short night 
in our tents. The next day we packed our 
tents at 04:15 for an incredible long drive of 
550 kilometers to Namib-Naukluft National 
Park. We arrived at our next campsite in the 
afternoon where we visited the smallest can-
yon of Namibia, which looks more like a ditch 
compared to the Fish River Canyon. As it was 
the 31st of December 2014 we celebrated 
New Year’s Eve in the desert under the light 
of the Milky Way with some nice champagne! 
Instead of a dive in the cold North Sea on the 
1st of January we woke up at 04:00 to watch 
the sunrise on one of the most famous dunes 
of Namibia, Dune 45. After breakfast at the 
bottom of Dune 45 we left our big truck 
and entered 4x4 vehicles towards the Sos-
susvlei. High red dunes surround this area 
and Deadvlei is famous here , a saltpan with 
dead trees, which cannot rot due to the very 
dry air. We left Namib-Naukluft National Park 
and headed towards a survival expert who 
has a garden of 13.000 hectare… Definitely 
enough place for 13 tents! The next day we 
drove towards the coastal town of Swakop-
mund where you can still find a lot of influ-
ences from the time it was a German colony. 
Spending two days in Swakopmund was 
perfect because we had to get rid of all the 
sand and dust from the first week. Via a stop 
at the Himba’s, a native tribe in Namibia, we 
ended up in Etosha National Park. We spent 
two full days of game driving and saw a lot 
of wildlife including lions, white and black 

Abrupt landscape changes are typical for the 
Garden Route so the next day we exchanged 
the nice semi-arid conditions of Oudtshoorn 
for Dutch weather with dark clouds and rain 
near the city of George. Our Lonely Planet/
Rough Guide told us to stop at Garden Route 
National Park because it has a lot of wildlife, 
however when we received a map of the 
park, the only animals they had were birds… 
As bird watching is not our favourite hobby 
this would be our shortest stop in a National 
Park ever! Via Knysna we drove towards Tsitsi-
kamma National Park to do the highest bun-
gee jump from a bridge. Definitely an experi-
ence will we never forget! The next stop was 
surf mecca Jeffreys Bay to ride some waves. 
After spending half the day in the water we 
continued our way to Addo Elephant Park to 
enjoy two days of game driving! You are al-
lowed to drive with your own car in this park 
so we decided to start the day with an early 
morning drive at 06:30. It was a successful 
first game drive as we saw a lot of zebras, an-
telopes, elephants, buffalos and even a black 
rhino. Driving on your own through a wild 
park means you have to be alert and this was 
not the case for an Audi driver, which was 
nearly overrun by an enormous elephant. We 
finished our Garden Route in Port Elizabeth 
where we took the Greyhound bus back to 
Stellenbosch for the start of the second term 
at SUN.

Before we travelled to South Africa we al-
ready booked a road trip from Cape Town to 
Victoria Falls, Zimbabwe, with Nomad Tours 
to complete our time here in Southern Af-
rica. In a huge truck with 23 persons and 3 
crewmembers on board we departed from 
Cape Town for this 20-day adventure to Na-
mibia, Botswana and Zimbabwe. After 2 days 
of driving, including a night in the Ceder-
berg Region, we arrived at the Orange River, 
which forms the border between South Af-
rica and Namibia. We sat up camp next to 
the river and refreshed ourselves in the river 
as the temperature was already reaching 35 
degrees Celsius. Border crossings are always 
tricky in Africa but luckily we entered Namib-
ia without any issues and thus we continued 
our journey to our first stop in Namibia, the 
Fish River Canyon. After the border we said 
goodbye to tar roads and started a bumpy 
ride on the dirt roads, which would bring us 
all the way up to Etosha National Park in the 

▲ The Final destination: Victoria Falls, on the border between Zimbabwe and Zambia
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This fieldwork is a collaboration between DUT, Shell (Rijswijk), 
NAM and GFZ Potsdam.  Under the command of Guy Drijkoningen 
4 PhD candidates, 3 MSc students and 4 BSc students were given 
the opportunity to get some hands on experience performing 
geophysical fieldwork, in this case CSEM. With CSEM, a controlled 
signal is sent into the subsurface by a source and is received at 
several locations.  Normally the signal is being sent out by a di-
pole source with CSEM, however the polarization of the electrical 
field is parallel to the dipole and the dipole consists of two vertical 
electrodes, which makes repositioning,  thus changing the polar-
ization, a lot of work. Therefore GFZ Potsdam, together with the 
company Metronix GmbH, developed a tri-pole source where 3 
vertical electrodes are able to create a dipole in any direction by 
using different currents on the electrodes. This makes the source 
set-up of the survey unique and less time consuming. The source 
is relatively strong, using currents up to a maximum of 40 Amp at 
voltages of some 560 V. This requires special care, skills and per-
mits. Only during day time at working days the source was operat-
ing and sending out a signal.

A high density of receiver stations is necessary to pick up the 
signal; in this fieldwork 15 horizontal (conventional)  and 7 verti-
cal (non-conventional)  sensor stations were used. From the 15 
horizontal receiver stations 4 were equipped with both coils and 
electrodes to measure the magnetic and electrical field. The other 
11 horizontal receivers measured the electrical field only. The 7 
vertical sensors measured the electrical field till a depth of 150 
meter and should, theoretically, be most sensitive to the changes 
in reservoir resistivity.  All stations were programmed such that 
they record full-time. During the day they recorded the signal 
from the source, for the rest of the time during the two weeks the 
stations were recording passively in order to get the background 
resistivity.

In order to make the most use of our working days we started with 
breakfast and “toolbox meetings” at 06:00 in the morning and 
were able to be equipped and ready in the field at sunrise. During 
the first days the students installed the 15 horizontal receiver sta-
tions and the guys from GFZ the source at its first position. After 
this there were several tasks to be done by the students. One  task 
was to check all receiver stations, via logging in into Thinkpads 
and looking whether the signal looked as expected, the data 
from the last day needed to be retrieved and the battery had to 

be replaced by a charged one. Another task was to help out with 
guarding the source since interference from people and animals 
people is seen as high-risk where a safety hazard could be lethal.

During the weekend the source was not operating and therefore 
did not have to be guarded, while the stations still needed to be 
checked daily. One of the benefits of source guarding was that 
there was a lot of room to read a book, do some work on your lap-
top or play games. The major disadvantage was that it also took 
entire days and it could easily get boring. Checking the stations 
however, was very interactive and an educational experience. 
Each day some stations had smaller or bigger problems or tech-
nical difficulties that needed to be resolved. This was both chal-
lenging and exciting every single time something came up. After 
a while, there is a learning curve and routine as you resolve more 
problems and the more complicated they become, the more you 
learn. One unfortunate event was that during the coldest day of 
the fieldwork with a wind-chill of -9.4˚C, we encountered the most 
time-consuming problem where after 1.5 hours the conclusion 
was, that a second spare computer had to be brought in the place 
of the spare computer that had replaced the original computer.

All-in-all, the whole fieldwork was a good experience in geophys-
ics! We learned about all kinds of aspects when you do geophysi-
cal fieldwork, such as dealing with (high-tech) equipment, signal 
analysis, getting dirty boots and clothes, HSE, permitting, and 
talking to the local people.

After a break of 14 years, the NAM restarted to produce oil from the ‘Schoonebeek’ field in 2011. The former production stage (from 1953 
till 1996) was ended due to high viscosity of the oil and a low oil price. Within this new production stage, the NAM uses horizontal wells, 
steam injections, new high efficient pumps (no more nodding donkeys) and till the end of 2014 the oil price was more favorable.  The 
steam is being injected at 25 well locations and spreads out through the reservoir. At Shell and DUT research is being done to determine 
what effects the steam has on the reservoir, in terms of the electric resistivity  or conductivity of the reservoir. Within this research low-
frequency electromagnetism is used to determine the 2D/3D distribution of conductivities in and around the reservoir. This is done with 
an active source, also known as Controlled-Source Electromagnetic (CSEM). A main issue is whether the changes in conductivities, due to 
the steam injection,  can be followed in time. This is done by  repeating  the CSEM survey.  This work is part of the PhD research of Andreas 
Schaller at the TU Delft.The supplied data is used by  Andreas to write an article. In November and December 2014 the second fieldwork 
took place: the monitoring survey.

By Randy Calis

Controlled-Source Electromagnetic (CSEM) fieldwork near               
Schoonebeek

▲ Fieldwork site near Schoonebeek
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Describe in 123 words how you feel on 
a Thursday morning and how would 
your ideal thursday look like?
On a Thursday morning it feels like I am 
not alive any more, my brains are dead 
so I can’t do really proper work in the 
MV room. As a result I take a seat on the 
couch, drink water and say nothing. Out-
side this question, in the afternoon it is 
the same as in the morning. Later that 
afternoon I will go to PSOR drink a few 
beers just to feel good again. Maybe get 
a little bit drunk again, then eat some 
food at 7 o’clock. After dinner I will watch 
a movie which I prefer, nobody else gets 
to choose and then, when I am tired and 
the alcohol has stopped working, I will 
go to bed around 11 o’clock.

Wich song do you prefer to turn on in 
te MV-Room and why?
Goldroom – Angeles, one of my favourite 
numbers which brings a positive mood in 
the MV room, when I play this song ev-
erybody is cheering and dancing on the 
tables. Also the productivity of me and 
my boardmembers is raised

If you would compare your fellow 
board
members with farm aninmals, what
would they be?
Let’s start with the president then, I 
would compare Marnix to a chicken, be-
cause he is the hen of the group, his hair 
is always in a mohawk and he is always 
clucking, doing most of the talking in 
fact. Dirk is like a goat because he bleats 
everyday all day, also his hair through this 
year has been like goats hair, it looks like 
sh*t. Frans is like a pig, most of the time 
he smells, he’s lazy whenever he feels to. 
He also will eat everything you give him. 
The best comparison for Talitha is a cat, 
when she is cold she takes a big blanket 
and put it around her, just like a cat. 

Dilemma: You will get 12300 euro, 
would you, take a 1 year long vacation 
to a destination of your choice , or 
invest the money?
That’s a good one, I would buy a Land 
Rover Defender and drive to Shanghai. 
Now, I think you asked the wrong ques-
tion by limiting it to one destination and 
the duration of one year, but this is what 
I would do if you gave me 12300 euro. 
Investing in shares would seem a good 
idea, also for me, but at this point in my 
life I would go for the holiday. 

Name: Johannes van de Akker
Age: 22
Year: 4th year AES student
Board function: Treasurer

Where are you from?
I come from a small village in Fryslan 
called Ureterp.

What has been so far your most 
memorable experience this year?
I think it was the Drachenbootrace, it 
was in the very beginning of this year. 
We went with around 20 students to 
east Germany to participate in a rowing 
game. Best of all was the beerfest in the 
evening, Joerg Benndorf was born in this 
particular village. It turned out to be an 
immense german schlager party.

Where do you get as treaser the most 
satisfaction form?
When we organise an activity with a lot 
of money involved, it is very satisfying 
when everybody had a good time and all 
went well in the end. It gives me a good 
feeling when I spend the right amount 
of money on a particular activity, that 
can mean spending more or spending 
less, but the best thing is you spend your 
money responsible.

Board Highlighted: Treasurer
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tion towards a more water-wet state, which is 
observed in experiments at the core, droplet 
scale (Figure 1) and atomic scale [Suijkerbuijk 
et al., 2013], leading to a larger movable oil 
volume (MOV). It is shown that crude oil and 
clay-bearing sandstone are required for the 
eff ect to occur; the eff ect is not seen in water-
wet, clay-free porous media with mineral oils 
[Sorbie and Collins, 2010]. The LSF procedure 
reduces ROS (Figure 2 shows the reduction 
of ROS in a sandstone) and it can improve 
sweep effi  ciency by means of an increase of 
relative oil permeability (kro). Probably this 
is combined with a reduction of the residual 
oil saturation (Sor ), but as the rock becomes 
more water-wet, Sor might also increase. In 
the lab Tang and Morrow [1999] showed an 
incremental oil recovery in the range of 5 – 
10 percent Stock Tank Oil Initially in Place 
(STOIIP).

In a real fi eld this number could be both larg-
er and smaller, depending on for example 
oil composition, rock composition, tempera-
ture and pressure in a reservoir. An analyti-
cal assessment of changes in oil saturation 
showed an incremental oil recovery of 10 – 
15 percent STOIIP for the Omar fi eld [Vledder 
et al., 2010]. In the Isba fi eld an incremental 
oil recovery of 15 percent was estimated 
[Mahani et al., 2011].

The LSF process is basically an enhanced 
waterfl ooding process, in which the injected 
brine has a specifi cally designed  composi-
tion with a lower salinity or lower TDS (Total 
Dissolved Solids) than the original formation 
water or the previously injected seawater. 
The injected brine with a controlled com-
position generally has a lower treshold of 
around 1500 ppm and an upper treshold of 
between 5000 – 7000 ppm. It is important 
that the ionic strength of the injected water 
is lower than the original formation water 
[Mahani, 2013].

Key advantages of the Low Salinity Water-
fl ooding process are [Mahani, 2013; Suijker-
buijk et al., 2013]:
1. Quite similar to regular waterfl ood-
ing, easy to implement
2. Low CO2 footprint
3. Low-cost IOR method
4. Less scaling
5. Less reservoir souring
6. Better water injectivity

As the term IOR already implicates, the main 
objective of LSF is to increase the oil produc-
tion and decrease the remaining oil satura-
tion (ROS). Application of LSF in sandstones 
is believed to lead to a wettability modifi ca-

Discovery of the Low Salinity Eff ect

Already in the 1960’s Bernard [1967] has 
shown that the ionic strength of a fl uid fl ow-
ing in a porous medium infl uences the mea-
sured permeability of that same fl uid. In the 
1990’s Tang and Morrow [1999] found out 
that in laboratory core waterfl oods an in-
crease in crude oil recovery occurred as the 
salinity of the displacing water decreased. 
This was for clastic cores containing some 
crude oil and clays. This triggered the inter-
est of international oil companies (IOC) in the 
concept of Low Salinity Waterfl ooding, such 
as Shell, BP, Statoil and ExxonMobil. Up until 
then, the composition of the injected water in 
oilfi elds was not of much concern, apart from 
scaling and reservoir souring issues [Hughes 
et al., 2012]. Generally, the operator picked a 
source of water that was closest, easiest and 
cheapest available. This is still the dominant 
approach to waterfl ooding though and most 
operators inject seawater or produced water 
in their off shore oilfi elds. When water cut be-
comes too high or already in an earlier stage, 
the designing of the injected water composi-
tion could be a solution to this. 
Low Salinity Waterfl ooding (LSF) is a prom-
ising method in Improved Oil Recovery 
(IOR). So far, some fi eld trials have shown 
the successful application of LSF; for BP in 
the Endicott (North Slope) oilfi eld in Alaska 
[Seccombe et al., 2010; Mcguire et al., 2005]. 
For Shell the successful application has been 
shown in the Omar oilfi eld [Vledder et al., 
2010; Mahani et al., 2011], where the ef-
fect was seen accidentally, after switching 
to Low Salinity injection water. A successful 
log-inject-log test was later performed in the 
Isba oilfi eld [Mahani et al., 2011]. In contrast 
to this there have also been unsuccessful 
cases, such as the Snorre oilfi eld operated by 
Statoil [Skrettingland et al., 2011]. In this fi eld 
no incremental oil recovery was obtained by 
injecting Low Salinity water. This was due to 
the initial wettability (tendency for oil or wa-
ter of the rock) of the reservoir. 

End of September last year, I have graduated on a project to increase the understanding of low salinity waterfl ooding for oil reservoirs. 
In this article, I would like to give you a short insight in the basic understanding of low salinity waterfl ooding and the work I have done 
on the matter. It has been an integrated study combining laboratory core fl ooding streaming potential experiments with modeling work.  
Let’s dig into some history and theory fi rst. Then, I will briefl y explain the methods used and we’ll come to the results of the study. You 
will see that the emphasis is on the history and theory. The sincerely interested readers are invited to visit repository.tudelft.nl for further 
detail!

By Robert de Velde Harsenhorst

MSc Thesis: Electrokinetics in Low Salinity Waterfl ooding 
Experimental and Modeling Study for Sandstones

▲ Figure 1: Oil droplet under high salinity brine and under low salinity brine. A change in contact 
angle can be observed over time [Mahani et al., 2014]
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nel for example) and the electric fi eld in the 
channel. The surface charge will cause part 
of the electric fi eld, but there may also be 
an external fi eld, either caused by a deliber-
ately generated fi eld, like in the processes of 
electrophoresis and electro-osmosis, or an 
electric fi eld that is caused by the motion of 
charged particles or ions, like in sedimenta-
tion potential and streaming potential mea-
surements. Figure 3 illustrates the concept of 
the shear plane, zeta potential and the de-
velopment of the potential when one moves 
further away from the charged surface. On 
the left, in brown, one can see the nega-
tively charged surface of the rock/clay. The 
negative surface charge is compensated in 
an electric double layer (EDL), fi rst the Stern 
layer and then the diff use layer. Together, the 
surface and the fl uid obey the law of electro-
neutrality. The potential at the shear plane, is 
the zeta (ζ) potential. Random thermal mo-
tion plays a large role in the distribution of 
counterions (in this case positively charged 
ions) in the diff use layer. In the diff use layer 
thermal motion ’battles’ the electrostatic at-
tractive forces. This concept of zeta potential 
plays a key role in streaming potential mea-
surements.

 Zeta Potential

It is now time to understand the concept of 
the zeta (ζ) potential. The zeta potential of 
the rock/clay surface infl uences its interac-
tion with crude oil and brine in the system. 
The zeta (ζ) potential is the electric potential 
at the shear plane, which is shown in Figure 
3. On one side of this plane, we assume there 
is no fl ow, whereas on the other side of this 
plane, everything is able to fl ow. Because of 
this assumption, the zeta potential, in other 
words the electric potential at the shear 
plane, infl uences all electrokinetic phenom-
ena. In most electrokinetic phenomena a 
fl uid moves with respect to a solid surface. 
To characterize the electric phenomena, one 
has to have an idea on the relation between 
the velocity of the fl uid (parabolic in a chan-

Thesis Objective

The zeta (ζ) potential, which is the electric po-
tential at the shear plane (see Figure 3), gen-
erally a couple of nanometers away from the 
rock/clay surface, can give an indication on 
rock wettability. A common method to deter-
mine the zeta (ζ) potential is an electrophoretic 
method with a zetasizer experimental device. 
The advantages of this method are that it is 
fast and easy to perform and one can control 
pH. A disadvantage is that crushed rock is used, 
so bulk material and surface material infl u-
ence zeta potential. Also, it is not possible to 
increase temperature to reservoir conditions, 
such as 70 °C. Another method to determine 
zeta potential, is by means of streaming po-
tential measurements. These measurements 
are more diffi  cult to perform, but they do take 
into account the pore morphology, the fl uid 
fl ow (infl uenced by permeability) and the right 
ratio of rock to fl uids and only surface rock, 
not the bulk. In my MSc thesis the focus was 
on the relation between streaming potential 
(measurements) and the zeta (ζ) potential. 
The main objective is to compare single-phase 
streaming potential measurements at diff erent 
salinities with the models of the streaming po-
tential, where electrophoretic measurements 
(zetasizer) are an important input (the zeta (ζ) 
potential) to the model. The modeling consists 
of capillary tube, bundle-of-tubes (BOT) and 
pore-network modeling (PNM). The second 
objective is to compare two-phase streaming 
potential measurements to single-phase data 
and to models, where geometry is simple, and 
able to represent a water-wet and an oil-wet 
case. Here also, capillary tube, BOT and PNM 
modeling are used. The third objective is to see 
the qualitative two-phase response of stream-
ing potential when fl ooding an aged core 
(crude oil and formation brine) with HS and 
then LS brine. The idea is that the streaming 
potential response shows wettability altera-
tion happening inside the core plug, when 
salinity is lowered. 

▲ Figure 2: Schematic sketch of the ROS in a porous sandstone rock after low salinity waterfl ooding 
[Mahani et al., 2014]

▲ Figure 3: Electric double layer according to the Stern model. The inner and outer Helmholtz planes are 
indicated as IH and OH, respectively. The slipping plane (shear plane) is denoted by S and its potential is 
characterized by the ζ -potential [Schoemaker et al., 2012]
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ponents of the setup are displayed in Figure 
4. The setup is basically a core fl ooding setup 
with one extra functionality: the measurement 
of the potential drop over the core, or stream-
ing potential. This method consists the place-
ment of two electrodes into the core holder. It 
is possible to do single-phase (only brine) and 
two-phase (crude oil and brine) experiments 
in the setup. Streaming potential experiments 
with crude oil had not been done before. The 
streaming potential set-up is to measure the 
streaming potential that builds up over the 
core. The value measured is a convolution of 
all the rock surface charges together into one 
fi nal value. This value is therefore giving an in-
dication of the wettability of the rock, which is 
related to the zeta potential. One must bear in 
mind that other processes, such as the geom-
etry of the core plug, salinity of the brine and 
for example surface conduction infl uence the 
measurements as well. 

The zetasizer measurements are done with a 
commercial device in the Shell Rijswijk labo-
ratory. This method used the electrokinetic 
concept of electrophoresis to measure the 
zeta potential. The fl uid-rock combinations 
that are used in both the streaming potential 
and zetasizer experiments and the motiva-
tions behind these choices are based on the 
assumed COBR prerequisites as described 
earlier on in this article. 

[2009] and Sorbie and Collins [2010]. They 
argue that the incremental oil during LSF is 
produced at, or just after breakthrough of the 
injected LS slug, which is around the ’salin-
ity front’. Very little divalents exist behind the 
’salinity front’ as they are retarded by the for-
mation. Cation exchange and therefore MIE 
occur at the ’retardation front’. There a new 
equilibrium exists in the COBR system. This 
is the reason why the process of MIE cannot 
be the cause of the incremental oil recovery, 
which is occurring at the ’salinity front’. If MIE 
would be the dominant process, this would 
delay oil production and therefore most 
likely make the process of LSF uneconomical. 
Suijkerbuijk et al. [2013] argue that it is likely 
that the lowering of the ionic strength of the 
solution during LSF causes the incremental 
oil recovery. A decrease in the ionic strength 
leads to a more negatively charged rock sur-
face zeta (ζ) potential and a more negatively 
charged oil surface. This causes the electrical 
double layer to expand based on the theory 
by Ligthelm et al. [2009].

Materials and Methods

To investigate the theories presented above, 
we have set up experiments in the lab at Delft 
University and at Shell Projects and Technolo-
gy in Rijswijk. A streaming potential setup has 
been established at Delft University. The com-

 Prerequisites of LSF

Before going into further detail, it is convenient 
to summarize all the prerequisites known from 
literature that contribute to the low salinity ef-
fect. These prerequisites touch upon all parts of 
the COBR (Crude Oil – Brine – Rock) system. In 
the oil industry, there is an increasing consen-
sus on the main subsurface screening criteria:
1. Crude Oil: The presence of polar components 
in the hydrocarbon phase is essential. The LS ef-
fect does not show eff ect with refi ned oil. The 
system should also be properly aged, as un-
aged samples may not show the eff ect [Tang 
and Morrow, 1999]. A change from an oil-wet 
-> a more water-wet state is essential. Aging 
causes a more oil-wet state.
2.Brine: Formation brine should be of (relative-
ly) high salinity and contain a suffi  cient amount 
of divalent/ multivalent ions. The injected brine 
should be of low salinity, with the threshold 
ranging between 3000 and 5000 mg/liter 
[Hughes et al., 2010]. It should also contain a 
certain amount of divalents to prevent forma-
tion (FM) damage.
3. Rock: The presence of clay in the sandstone 
is important. The reservoir rock should contain 
active clay minerals, such as kaolinite and illite. 
Also the reservoir should be non water-wet 
[Hughes et al., 2010].

Theories behind Low Salinity 
Waterfl ooding

As the mechanism behind the low salinity ef-
fect is not yet fully known, there exist several 
theories that try to explain the low salinity ef-
fect. The main theories are:
1. MIE:Multi-component ion exchange [Lager 
et al., 2006; Sorbie and Collins, 2010]
2. DLE: (Diff use) double-layer expansion [Ligth-
elm et al., 2009]
3. pH increase [Austad et al., 2010]
4. Fines mobilization and formation damage 
[Tang and Morrow, 1999]
5. Alkali/ surfactant fl ooding (IFT) eff ect [Mc-
guire et al., 2005]

For the extra-interested readers, more details 
on each of these theories can be found in the 
references at the end of the article. We will only 
discuss the theory that now closest represents 
our hypothesis.
Suijkerbuijk et al. [2013] combine both the 
theory of Lager et al. [2006], Ligthelm et al. 

▲ Figure 4: Process Instrumentation Diagram (PID) of the streaming potential experimental setup 
(SPP = Set Point Pressure, BPR = Back Pressure Regulator)
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 Results and Conclusions

The streaming potential measurements 
show higher values for the coupling coeffi  -
cient (V/Pa) at very low salinity (10-5 – 10-3 
M) if pore geometry is larger. The coupling 
coeffi  cient is lower in the very low salinity 
region (10-5 – 10-3 M), when oil saturation in 
the sample is higher. At a higher salinity (10-
2 – 1 M, the LSF region (1500 – 5000 ppm)) 
it is more diffi  cult to distinguish between 
the types of sandstones and measurements 
become diffi  cult as the bulk fl uid becomes 
more conductive. Also, at higher salinity 
(10-2 – 1 M) it is more diffi  cult to distinguish 
between single-phase and two-phase mea-
surements (diff erences in oil saturation). That 
region is less geometry dependent and less 
dependent on Stern layer conduction. The 
addition of divalents to the brines, leads to 
smaller double layers (shorter Debye length). 
This gives higher coupling coeffi  cients at very 
low salinity (10-5 – 10-3 M). The diff erence in 
streaming potential curves between the un-
aged and aged Berea 700 case is due to a 
diff erence in oil saturation. The three eff ects 
that have the largest infl uence on the cou-
pling coeffi  cient are Stern layer conduction, 
the overlapping of double layers and the ef-
fective fl ow (velocity) through the pores. No 
measurable incremental oil production was 
seen in the switch from Dagang brine to syn-
thetic brines; this does not necessarily mean 
that the LSF eff ect has not occurred.

Charge inversion (inversion of the streaming 
potential signal and thus zeta potential) was 
observed in three cases, with single-phase 
streaming potential experiments at 70 °C 
and the two-phase unaged and aged stream-
ing potential experiments at 70 °C all with 
Dagang brine. This indicates that the zeta 
potential has an opposite sign compared to 
the surface charge and this might indicate 
that the positively charged system would 
like to bind negative oil components to it. 
This might infl uence wettability of the rock. 
The eff ect is not seen with all other brines, 
not even a synthetic brine of the same ionic 
strength (containing less divalents). It would 
be interesting to investigate this in more de-
tail. 

modeling two-phase electrokinetic fl ow in 
a water-wet and oil-wet confi guration. The 
idea for the mixed-wet confi guration is also 
presented. The diff erent geometrical confi g-
urations in modeling are displayed in Figure 
5. The aim is to compare the models with the 
actual data from streaming potential experi-
ments.

▲ Equation 1: Coupled equation, where Q is 
fl ow (m3/s), J is current (A), P is pressure (Pa), 
ψ is potential (V), L11 is the fl ow conductance 
term, L22 is the electric conduction term and 
L12 = L21 are the coupled cross-terms

Modeling

In the modeling part, we have used coupled 
equations to describe the electrokinetic 
phenomena in simplifi ed geometries, rep-
resentative of the porous medium. Coupled 
equations meaning sets of equations that 
couple fl ow with electrokinetic phenomena, 
as is described in Equation 1. First of all, the 
equations used in the modeling part allow 
for diff erent geometries (cylinder and tri-
angle), temperatures, divalent content, the 
overlapping of double layers and Stern layer 
conduction. The combination of overlapping 
double layers and Stern layer conduction is 
new. Input of the models are pore size dis-
tributions obtained from micro CT data and 
zeta potentials as obtained from zetasizer 
experiments. We introduce the possibility of 

▲ Figure 5: Diff erent geometries used in modeling. Top row: single phase cylindrical and 
triangular model. Middle row: triangular two-phase real case models for a WW and OW 
system. Bottom row: triangular two-phase model situation for a WW and OW system
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els that use pore throat radii from the pore 
network extraction also show these trends 
in temperature, divalent content and geom-
etry, as well as overlapping double layers at 
low salinities. It is possible to add Stern layer 
conduction to the BOT models as well. A 
model that can describe the overlapping of 
double layers and the Stern layer conduction 
has not been presented before. BOT models 
with an adjusted pore size distribution are 
also considered. The two-phase water-wet 
BOT model is able to represent trends in oil 
saturation.

The models are compared to the experimen-
tal data, as shown in Figure 6. This compari-
son shows that the models that include the 
overlapping of double layers and Stern layer 
conduction represent the laboratory data 
best. The Stern layer conduction can be used 
as a fi tting parameter. The two-phase water-
wet models show similar trends compared to 
the lab data.

The zetasizer experiments show clear trends. 
When ionic strength is lowered, the zeta po-
tential becomes more negative. When pH 
is lowered, the zeta potential becomes less 
negative. This is the case for all brine-rock 
combinations. The oil-rock experiments have 
only been performed at one pH and when 
ionic strength is lowered, the zeta potential 
becomes more negative. The zeta poten-
tials do not become positive, so there is no 
charge inversion.

The pore throat size distribution from the 
network extraction code shows a clear diff er-
ence between Berea and Bentheimer sand-
stones. The Bentheimer sandstone has more 
pore throat radii of larger size.

The capillary tube model is able to show 
trends in temperature, divalent content and 
geometry. Also, the concepts of overlapping 
double layers and Stern layer conduction are 
visible in the model. Bundle-of-tubes mod-

 ▲ Figure 6: All Berea 700 streaming potential lab data compared to the best-fi t models
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When I finally finished my study early 1960 
the job market had just improved after a very 
bad period following the conflict with Indo-
nesia over New Guinea. Having earlier been 
rejected in 1958 I received a telephone call 
the day after graduating and two days later 
I was working in the production department 
of KSEPL, the Shell E&P laboratory.

At the beginning of my career, petroleum en-
gineers tended to be physicists with a strict 
observance of physical principles and a deep 
belief in the power of mathematics. Some-
thing that couldn’t be calculated or mea-
sured to a few decimals behind the comma 
should be considered to be a dubious prop-
erty, better left alone. Geologists at this time 
tended to take the opposite view — virtually 
nothing was measured and most geological 
processes were poorly understood and rarely 
underbuilt by solid physical theories. State-
ments were vague and full of jargon, alien to 
the engineer’s ear.

Mining engineers form a hybrid group situ-
ated between physicists and geologists. 
Their work always involves problems related 
to geological features which are not fully 
understood and for which there is no repre-

sentative data base — thus there is need for 
estimating ranges of parameter values and 
for the determination of the significance of 
the inherent uncertainty levels toward the 
economics of a project ... Thus, the world of 
the mining engineer is one of calculated risk. 
One must be inventive, pragmatic and suf-
ficiently courageous to reach the necessary 
operational decisions at the right time.
This doesn’t guarantee a glorious career, be-
cause in my experience high positions often 
go to people who systematically avoid hav-
ing to make any significant decision. Howev-
er, it will certainly result in a very satisfactory 
working life.

While in Iran I made long trips on the week-
ends to study archaeological sites and do 
some clandestine digging. One day coming 
down from the mountains, I noticed the faint 
outline of streets in the valley, marked by 
slight variations of vegetation highlighted by 
the low sun. Digging in the corner of a buried 
house wall, I discovered pottery fragments 
— and underneath a silver drachmae of Al-
exander the Great. You will understand that 
I have the fondest memories of these week-
ends in the wild, almost deserted mountains, 
seeing bears, wolves and mountain sheep. 
I still have a little carpet from the Quasgai 
nomads, whose camp I visited. I noted innu-
merable caves that still beg to be excavated. 
What a wonderful place to work in!

An important issue was the gas production 
from the Rotliegendes Sandstone Forma-
tion which in the English waters was large-
ly deposited in the form of giant Aeolian 
cross-bed sets. Averaging the foot-spaced 
plug measured permeability’s showed no 
relationship with well productivities. The 
cross-bed sets were composed of thin lami-
nae with strongly contrasting permeability’s. 
To measure these values on this small scale 
we invented the `mini-permeanneter’, a de-
vice that is now used in many petro physical 
laboratories. To be able to realistically model 
these reservoirs, we required the dimension-
al relationships of these giant cross-bed sets.
Luckily, I already had seen an ideal anal-

In 1952 when I started studying, the faculty 
and curriculum were very different from to-
day. The curriculum was overloaded with 
several new courses while all the existing 
ones were continued. This combined with 
very many afternoons of practicum and five 
summers of working in mines, oil fields and 
doing geological fieldwork resulted in an av-
erage study duration of nearly eight years! 
Many students commuted to Delft because 
of the dismal room availability in Delft. Thus 
it can be understood that the attendance at 
M.V. organized lectures and at the Wednes-
day evenings at the café of Jan Garos was 
poor. The total budget of the M.V. in the lus-
trum year ‘52, in which also a yearbook was 
produced, amounted to about €900! In this 
respect the contrast with the present situa-
tion is rather striking and the role of the M.V. 
has grown splendidly.

It is a pity that this working as a miner or 
roughneck is now in general no longer re-
quired because these periods of working to-
gether in difficult and unusual circumstances 
welded lifelong friendships. The mining en-
gineers have always felt a close almost tribal-
like kinship which is envied by other profes-
sions.

An Interesting, Satisfying and Adventurous Occupation 

It is obviously impossible to describe a lifetime of work, studies, journeys and adventures in a short article. Therefore I have restricted it 
to some remarks on study and a few anecdotes out of my life in which research has always played a major role.

by K.J. WeberHonorary Member in the Spotlight

 ▲ Three months after working in the mines you still sneeze coal dust into   
 your handkerchief.
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ing Faculty. Shell allowed me a day a week 
for this purpose. Luckily I had much help 
from colleagues and the laboratory in the 
guidance of Master degree and Thesis work. 
At that time I was consultant for Africa and 
Asia and usually travelled around quite a bit. 
It was normal for a student to carry my suit-
case to the waiting car on Friday afternoons. 
How they envied me not knowing as yet how 
it is to travel some 20 weekends each year to 
places like Dubai, Brunei, Oman or Bagdad. 
In 1993 I retired from Shell and now I had 
more time to also act as promoter for Ph.D. 
students. In addition I started to give courses 
in reservoir geology all over the world.
After 1985 my relationship with the M.V. of 
course intensified and gradually I became 
more involved in M.V. activities. Now after 
retiring from Delft in 1999 I find myself even 
more interested in M.V. matters. The National 
Resource also gives me a nice opportunity to 
test the imagination of the readers through a 
variety of puzzles. In the yearbooks I can con-
tribute the result of current studies for which 
I now have ample time.

Production geology is not a discipline in 
which Nobel prizes are likely to be awarded. 
It is characterized by a continuous confron-
tation with new challenges and the gradual 
development of improved understanding 
and methods. As such it is a most interesting, 
satisfying and adventurous lifetime occupa-
tion. This is certainly the case for me, and I 
find myself lucky to have a profession that is 
also my hobby.

when the full length or width of a cross-bed 
set is not exposed, this still allows for making 
an estimate of the width/thickness and the 
length/thickness rations by measuring ex-
posed lateral continuity, bed thickness and 
the lateral terminations of a bed. Through a 
normalizing process one can add up all infor-
mation and derive average values ...
It is interesting to mention that this realis-
tic modeling was first used when a storm 
forced the jack-up rig of the site of the D-
cluster in the Leman field. Only 10 of the 
14 planned wells had been drilled. Now we 
could advise that the 10 wells were already 
sufficient to deliver the contracted volume 
of gas. This saved 28 million dollars in drilling 
costs alone! Not a bad return for a half year 
of study.

In 1985 I was nominated to my great joy as 
professor in production geology at the Min-

ogy for the Leman Rotliegendes in Northern 
Arizona, in the Canyon de Chelly. There one 
finds an Aeolian Permian sandstone with the 
same thickness and the same cross-bed set 
types as in the Leman field. A short field trip 
was planned to measure the necessary data. 
Arriving at the Chelly Canyon National Park, 
I found the hotel permanently booked by 
tourist groups. A kind Navajo girl in the park 
entrance lodge referred me to the mission 
post run by a Methodist vicar and his fam-
ily. This was a journey back in time. These 
marvelous people, straight from a western 
movie, lent me their schoolroom plus a camp 
bed for the duration of my stay, and I was in 
business.

I already had planned a tight schedule of 
sketching and photographing a series of cliff 
faces pre-selected on the basis of detailed 
maps and photographs in the splendid mag-
azine Arizona Highways. Sketching from the 
edge of the cliffs in this fantastic landscape, 
I gradually detected more and more Indian 
ruins of the famous cliff dwellers. Sitting still 
for hours on end, the animals became curi-
ous. Squirrels sat next to me and the vultures 
spiraled in ever-tightening circles.

The use of the outcrop data was based on a 
typical soft science type consideration. Hav-
ing made a model of the large-scale festoon 
cross-bedding of the Rotliegendes based on 
small German outcrops, I was struck by the 
resemblance to fluvial trough cross-bedding. 
Because that type of cross-bedding shows a 
clear relationship between thickness, length 
and width, I reasoned that the same might 
be true for the Aeolian cross-bed sets. Even 

  ▲ In the late afternoon the low sun reveals the outline of walls on the valley floor. 

  ▲ Gradually the vultures circle closer around the lonely figure drawing the outcrops.
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Weber Puzzle 

Puzzle “Riddles in the Sand”.

A petroleum engineer, working as well-site engineer on a drilling rig in the Western Desert of Egypt, has some time off during a casing 
cementing job. He decides to visit the site where some 10 years before a landrover was blown up by a landmine laid during WW II. The 
driver was killed which was tragic because he was engaged in detecting mines and hidden ammunition dumps around future drilling 
sites. Finding the wreck, from which anything useful had been stripped, the petroleum engineer strolls around. Suddenly his foot slides 
over something slippery. Just under the sand there is a brown leather briefcase which must have been blown away by the explosion.
Back in his cabin he inspects the contents which comprise some documents and maps concerning the mine detection campaign and a 
puzzling paper showing rows of hieroglyphs but also here and there modern numbers. It is attached to a coloured map showing results 
of a magnetic survey. Since the survey shows a clear linear anomaly, the cryptic note might be an effort to keep it secret from the rest of 
the mine clearing party!
Of course an imaginative mining engineer should have no problem deciphering the hieroglyphs and solving this puzzle!
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Solution of the Clastic Sedimentology Puzzle.

1=C Tidal channel fill characteristic double clay laminae along the foresets representing slack-tide
deposition of fine material.

2=H Cross-bedded coarse to pebbly braided river deposit.

3=F Shallow marine sand bar with thick m-scale planar cross-bed sets with burrows at the tops.

4=E  Point bar with festoon cross-bed sets in packages which dip towards the outer bend of the
river. The occasional clay layers in between are draped over the sandy shore during high stands with muddy waters.

5=D  A coarsening upward barrier bar sequence with flaser bedding at the base, full of burrows.
  The sand has low angle striations with sometimes dark streaks of heavy minerals. Towards the top the sands are coarse and  
  well sorted. The sequence may be covered by a transgressive marine sand or can be eroded into by a channel-fill.
6=B Turbiditic package of graded beds. The bottom part shows a typical Bouma sequence with its
  zone of distorted laminae. 

7=A Thick aeolian cross-bed sets with the laminae all dipping in the prevailing wind direction but
  differing considerably in grain size.

8=G Distributary channel-fill mainly consisting of dm-scale festoon cross-bed sets. Usually fining
  upwards to small scale cross-bed sets and finally flaser bedding representing the abandonment stage. At the base they  
  frequently cut into peat layers with some pebbles and coal balls at the interface.

Weber Puzzle 
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Graduation Subjects

Name   Date   Subject

Viktor Valk  2 February 2015  Valorization of water hyacinth as a renewable source of animal feed and biogas: 
      a business case for Lake Victoria, Kenya (RE & WUR)

Richard Purba  18 February 2015  Permeability Estimation using a Non-parametric Bayesian Network (PE)

Khalid Saleh  16 March 2015  The Development Of Downhole Separators In Series, Using Design Models Based On   
      Computational Fluid Dynamics Verified By Laboratory Experiments (PE)

Petroleum Engineering  (PE)

Reservoir Geology   (RG)

Applied Geophysics  (AG)

Geo-Engineering   (GE)

Resource  Engineering  (RE)

NR_3.indd   30 16-4-2015   14:36:00



 

31
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Cover
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Date     Event
Tuesday 21- Thursday 23 April            First years excursion

Wednesday 22 April                   Epo board 124  announcement “Het Noorden”

Thursday 23 April                    Opening of Half Lustrum and opening of Mineralogical Museum

Friday 24 April                    Yearbook granting and annual dinner

Tuesday 28 April                    Symposium

Wednesday 29 April                    Excursion to companies

Thursday 30 April                    Open party

Friday 1 May                       Reunion dinner

Saturday 2 May                      Gala

Monday 4 May                      Commemoration Day

Saturday 16 May - Saturday 6 June       Vesc

Thursday 28 May                    Performance trip

Friday 5 June                       Barbaraborrel

Monday 15 June                        Pieter Steeneken Golf Trophy

Thursday 18 June                      Commission Thanking activity

Thursday 2 July                          Semester closing BBQ
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