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Cover picture of core holders: In December 2016, DHRTC opened their 
first laboratories in building 375 at DTU. With the new laboratories, 
DHRTC has created an important framework for the experimental 
and interdisciplinary activities that go on in the partnership and the 
collaboration relating to the laboratories can be even more extended 
now and as we move forward. Photo: Joachim Rode.



DHRTC is well underway
Two years ago, the Danish Hydrocar-
bon Research and Technology Centre 
(DHRTC) opened, and I’m delighted 
to invite you inside the Centre’s first 
annual report.

It was with excitement and high am-
bitions that we opened our doors in 
September 2014. Excitement because 
it was the first time in Danish history 
that an attempt was made to establish 
such a close, focused partnership be-
tween universities, disciplines, and the 
business community on creating new 
knowledge and innovation within oil 
and gas recovery. High ambitions be-
cause they are necessary if DHRTC is 
to live up to its raison d’être. DHRTC 
has been established to deliver both 
substantial research, innovative solu-
tions, and talented employees. This 
will contribute to ensuring that in the 
 future it will be feasible and profitable 
to recover more oil and gas from the 
Danish part of the North Sea than is 
possible today based on our current 
knowledge and technology.

It has been exciting to establish a 
collaboration between researchers 
at not less than five research and 
education institutions while coupling 
research closely with the needs and 
challenges that the oil industry is 
facing in the North Sea.

 The first couple of years have gen-
erally been spent on starting things 
up and systematizing them. We have 
defined the issues that the Centre’s 
research and innovation will initial-
ly be focusing on. This combination 
has resulted in the Advanced Water 

Flooding research programme which 
attempts to find new ways to recover 
a larger share of the oil by new tech-
nology solutions based on a better 
understanding of critical elements in 
physics of oil-bearing chalk layers. 
In addition, the Cost Transformation 
programme has been established. It 
focuses on reducing the costs of oper-
ations and equipment above sea level. 
We have rolled out our first interdis-
ciplinary and intersectoral projects, 
and we are already seeing signs that 
joining forces across  disciplines, insti-
tutions, and practices releases a certain 
energy and high quality in the work 
performed.

In this connection, I would like 
to express my sincere thanks to our  
colleagues and partners at Aarhus  
University, Aalborg University, Techni-
cal University of Denmark, GEUS, and 
the University of Copenhagen. I would 
also like to extend my appreciation to 
the parties in the Danish Underground 
Consortium (DUC), Maersk Oil, Shell, 
Chevron, and Nordsøfonden, for your 
trust in granting funding of DKK 1 
billion to the Centre’s first ten years of 
operation. Thanks also to all parties for 
their willingness to share their knowl-
edge, data, and enthusiasm. With a 
trusting and dynamic collaboration 
between the research and the business 
community, we are able to progress 
towards our shared goal of a truly ap-
plication oriented research centre. We 
are now well underway and ready to 
pursue the next level of our ambitions. 

"With a trusting and 
dynamic collaboration 
between the research and 
the business community, 
we are able to progress 
towards our shared goal of 
a truly application oriented 
research centre"
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DHRTC creates results  
through interdisciplinary research  
and innovation 
The Danish Hydrocarbon Research and Technology Centre (DHRTC) 
was set up to help increase the recovery of oil and gas in the 
Danish section of the North Sea on a commercially viable basis and 
within the frameworks of environment and safety. The centre’s 
vision is to engage in interdisciplinary international level research 
and innovation in collaboration with the business community.

DHRTC was founded in 2014 based 
on a DKK 1 billion grant from the 
partners in the Danish Underground 
Consortium (DUC). In practice, the 
research activities are managed by the 
Danish Hydrocarbon Research and 
Technology Centre at DTU, which at 
an overall level coordinates and prior-
itizes the centre’s research and innova-
tion in collaboration with the centre’s 
five partners: Aarhus University, Aal-

borg University, DTU, GEUS, and the 
University of Copenhagen. 

The Danish Hydrocarbon Research 
and Technology Centre at DTU is also 
responsible for processing the know-
ledge generated by the research with a 
view to developing commercially via-
ble solutions – which includes require-
ments to adhere to the high industry 
requirements of environment and safe-
ty. The aim is solutions at prototype 

level, i.e. step three on the TRL scale 
(Technology Readiness Level), which 
indicates the degree of technological 
maturity with a total of eight steps.

Two-thirds of the oil is left
DHRTC was established at a time 
when Denmark had been recovering 
oil and gas in the North Sea for almost 
50 years. Denmark became self-suffi-
cient in 1993, and up until 2004 pro-

Hoda Javanmard, research assistant, working in the new DHRTC laboratories. Photo: Joachim Rode.
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duction increased steadily to more 
than 20 million cubic metres of oil a 
year. Since then, both oil and gas pro-
duction have been halved, mainly due 
to the natural decline in production 
rate in maturing fields (cf. Oil and gas 
production in Denmark. Danish Ener-
gy Agency, 2014). 

It has taken numerous successful in-
novative efforts over the past 50 years 
to bring the expected ultimate recov-
ery to its current state. For instance the 
successful introduction of water injec-
tion in chalk fields as well as horizontal 
drilling and completions have enabled 
significant leaps in the ability to pro-
duce from the Danish North Sea. Ini-
tially it was considered a breakthrough 
to be able to even recover 5 per cent but 
today certain fields have reached an ex-
pected ultimate recovery of around 40 
per cent and the average over the entire 
portfolio of DUC fields is 28 per cent.  
But even if great innovations with suc-
cessful scientific and technology solu-
tions as well as safe and environmental 
operations have brought the recovery 
a long way, there is still expected to be 
72 per cent left, when the operations 
are terminated. So we are in a situation 
where much has already been tried, 
much has been successfully achieved 

but production is declining and oper-
ational costs are increasing.  

So we are left with the challenge of 
working out: How much can the ex-
pected recovery be increased through 
research, innovation, and new recov-
ery methods? And to what extent is 
it possible to cut costs through smart 
ways of operating, developing, and 
maintaining the production facilities? 

DHRTC’s ambition
At the same time, DHRTC is helping 
to facilitate more international-class 
research in Denmark in the fields of 
geology, geophysics, and geochemis-
try. In addition to the research grants 
resulting directly from the DUC’s in-
vestment of DKK 1 billion over ten 
years and the universities’ own funding 
to among others facilities and central 

support functions, the centre is helping 
to generate additional grants. Thanks to 
the basic funding from the DUC, it is 
possible for researchers to obtain addi-
tional funding from other sources. The 
DUC’s grant thus supports volume and 
quality in R&D at Danish research in-
stitutions and enterprises.

For the business community, the hope 
is that the investment in research and in-
novation will do more than just pay for 
itself. If the work of DHRTC means that 
recovery increases by just 0.1 per cent, 
the investment in the centre will have 
paid off. However, the ambitions are 
higher than that. It is DHRTC’s ambi-
tion that by 2020 it will have identified 
technologies that can lead to the reco- 
very of an additional 100 million barrels 
of oil equivalent (MMBOE).

DHRTC goal
The goal of DHRTC is to establish a well-functioning framework 
for international research and to build a solid foundation for in-
terdisciplinary research across research institutions. Against this 
background, new technological and conceptual solutions are iden-
tified that boost oil and gas recovery in the Danish section of the 
North Sea. Moreover, DHRTC educates and attracts highly qualified 
employees for both research and business.
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Charlotte Lind Laurentzius, programme manager, and Mojtaba Seyyedi, postdoc, DHRTC. Photo: Joachim Rode.



DHRTC’s research is organized into 
three programmes, each with its own 
theme. Under each programme are so-
called demo models that define specific 
challenges which the research must 
help to address — organized into work 
packages. All three levels are shown in 
the graphic.
The research is conducted on the 
basis of a DKK 1 billion grant from 
the partners in Danish Underground 
Consortium, which comprises the 
Maersk oil, Shell, Chevron, and the 
Danish state’s oil and gas company 
Nordsøfonden. Programmes, demo 
models and examples of the research 
are described in more detail on the 
following pages, and at the back of 
the publication a complete list of the 
research projects taking place under 
the auspices of DHRTC is shown.

Overview: Danish Hydrocarbon Research and Technology Centre

Research Programme

CTR • Cost Transformation 
- about increased oil recovery 
through a paradigm shift on the cost 
side based on research into oil plat-
form structures and operations.

Demo model CTR 1
Increased Water Injection Avai-
lability (Pilot: Dan and Halfdan)

Demo model CTR 2
Transformation of asset Cost 
(Pilot: Gorm)

Demo model CTR 3 
Extend Life of 
Potential Hub Structures

Multilevel Flow Modelling 
(MFM) of Design, Decision 
and Plant Processes 

Laboratory Testing at 
AAU-Esbjerg and develop-
ment of filtration methods 

Cost Reduction by 4D 
Maintenance Planning 
(feasibility)methods 

Scale and Corrosion 

Structural Integrity & 
Monitoring 

Well Integrety

Extreme Waves

Well Conformance

Risk Modelling

Big Data Methods for 
Identifying Cause and 
Effects for Downtime 

Demo model AWF 1
Development of Ekofisk 
(Pilot: Dan/Kraka) 

Demo model AWF 2
Improved Sweep in Deep 
(Pilot: Halfdan)

Recovery Processes on 
Core Scale 

Radial Jet Drilling
 

Reservoir Simulation 

Composite Coiled Tubing
 

Reservoir Fluid 
Characterization 

Improved geomodel with 
deterministic fracture 
representation and outcrop 
analogue information 

Seismic Geomorphology 
and Reservoir 
Characteristics of 
Chalk Fields

 
Research Programme

TRD • Tight Reservoir Development
- on increased recovery from the 
Tuxen formation through research 
into the deep chalk stratum in the 
North Sea which is characterized by 
less permeability than the Ekofisk 
and Tor formations.
 

Research Programme

AWF • Advanced Waterflooding
- about increased oil recovery 
from the Ekofisk and Tor formati-
ons through research into these 
two chalk strata in the North Sea.
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Since Denmark started recovering oil 
more than 40 years ago, one of the 
political objectives has been that Den-
mark should to the greatest possible 
extent be independent of oil and gas 
imports from other countries. Den-
mark succeeded in becoming self-suf-
ficient in 1993, and has been so ever 
since. 

According to the latest forecast from 
the Danish Energy Agency — published 
in August 2016 — Denmark will remain 

a net exporter of oil up to and includ-
ing 2018. In 2019 and 2020, consump-
tion is expected to exceed production. 
However, it is then estimated that 
Denmark will again be a net export-
er up until 2032, when factoring in 
technological resources and explo-
ration resources. The technological 
resources are the oil which should 
be possible to produce thanks to the 
use of new technologies. The explora-
tion resources are an estimate of the 

oil which will be recovered from new 
discoveries. 

For sales gas, Denmark is expected 
to be a net exporter for four years up to 
and including 2019. Consumption is 
expected to exceed production in 2020 
and 2021. If including the technolog-
ical resources and the exploration re-
sources, the Danish Energy Agency 
estimates that Denmark will be a net 
exporter of gas after 2021 and up until 
after 2035.

According to the current energy policy, Denmark will be dependent on fossil fuels until 
2050. In other words, Danes will need oil and gas for another 34 years. 

Oil Production in the North Sea 
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Advanced Water 
Flooding
How is it possible to recover more oil from 
the chalk in the North Sea? This is the key 
question in DHRTC’s research programme 
Advanced Water Flooding (AWF). 

The Ekofisk and Tor chalk formations have 
for many years played a central role for Dan-
ish oil recovery, as they still contain signifi-
cant oil and gas volumes. The research pro-
gramme Advanced Water Flooding is focused 
on developing new methods for recovering a 
larger share of oil. One of the challenges is to 
increase the sweep efficiency in the upper-
most oil-bearing chalk stratum, the Ekofisk 
formation, to the same high level as in the 
underlying Tor formation. The challenges 
are due to the properties of the chalk. The 
porosity of the chalk in the Ekofisk formation 
is the same as that of the Tor formation, but 
it is less permeable. The reason for this is 
that the Ekofisk formation was formed by 
unicellular planktonic chalk algae, cocco-
lithophores, approx. 60 million years ago, and 
these coccolithophores are smaller than the 
ones that built up the Tor formation approx. 
70 million years ago. 

In Ekofisk, the research focuses on:
• learning more about the properties of 

chalk
• the possibility of using fracturing — small 

cracks in the chalk to increase recovery 
• new methods for forcing the oil out by 

injecting water, chemicals, or bacteria —
Enhanced Oil Recovery. 

In the Tor formation, the challenge is finding 
technological solutions that enable more oil 
to be recovered from deep, compact chalk 
strata. The research focuses on:
• the possibility of using hydraulic fracturing 
• the development of new drilling and 

fracturing tools and new applications for 
existing tools

For both the Ekofisk and Tor formations, 
computer simulations and models are being 
developed and the most promising methods 
could be selected for testing in the North Sea. 

Photo: Joachim Rode

Increased recovery 
from the Ekofisk and 
Tor formations

Core samples cut out of the drill cores, 
which have been removed from the rock in 

connection with the drilling of wells.



11DHRTC 2016

Increased recovery 
from the Ekofisk and 
Tor formations



New seismic method  
creates close-ups of chalk
Using a combination of two seismic measuring methods, 
Janina Kammann, a geophysicist, creates new and detailed 
knowledge about what chalk strata look like. The new ‘close-
ups’ mean that the oil industry has more detailed information 
on the geology and geophysics in the oil-bearing strata. 

There is much more to chalk than 
meets the eye. There are big differenc-
es in how porous or impermeable the 
oil-bearing chalks in the North Sea 
are. For the oil industry, it is impor-
tant to know the physical properties of 
the chalk strata at particular locations, 
because this has a bearing on how to 

recover the oil and gas, and whether it 
can be viable.

So far, the seismic methods availa-
ble for studying the chalk on land have 
resulted in images of the subsoil with 
a resolution of three to ten metres. 
Now, the ambition of a new inter-
disciplinary research project financed 

PhD student Janina Kammann with 
the compact and portable Surface 
Vibrator Source ElViS III machine in a 
chalk quarry near Aalborg. 
Photo: Carsten Albrechtsen 
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by DHRTC is to describe the chalk 
strata down to the one-metre scale. 

To begin with, the work will be car-
ried out on land, at Stevns Klint on 
Zealand and in a chalk quarry at Rør-
dal near Aalborg. 

“It’s much easier and less expensive 
to carry out seismic measurements 
on land compared to at sea, and we 
are very lucky that the chalk strata 
at Stevns Klint and in Rørdal resem-

ble the formations in the North Sea     
where the oil is found. This means 
that knowledge obtained onshore is 
also applicable for offshore locations,” 
says Janina Kammann, a geophysicist 
and PhD student at the Department 
of Geosciences and Natural Resource 
Management at the University of Co-
penhagen.

She is working on combining two 
seismic measuring methods, which to-
gether will produce new, high-resolu-
tion images. It is the first time that the 
method is being used to describe the 
porosity of Denmark’s chalk formations.

Interdisciplinary collaboration
When geophysicist Janina Kammann 
works in the field with the universi-
ty’s new measuring equipment, she is 
accompanied by geologists from the 
Natural History Museum of Denmark. 
The geologists take samples of the sub-
soil, which are used to qualify the seis-
mic measurements. 

Subsequently, the researchers in-
volved in the interdisciplinary project 
compare the new knowledge about 
the chalk strata on land with existing 
knowledge about the geology of the 
North Sea. 

Eventually, this will lead to geophys-
icists at the Niels Bohr Institute pre-
paring so-called geostatic models. This 
is a sort of map of the geology of the 
North Sea, which the oil industry can 
use in its efforts to recover oil and gas.

Surface vibrator source ElViS III
Basically, Janina Kammann obtains 
her results by both stamping on and 
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Seismic measurements with P and
S-waves. Illustration: Janina Kammann

Janina Kammann’s Ph.D-project
Near-surface seismic investigation of reservoir rocks. The reflec-
tion seismic method is widely used in both offshore and onshore 
mapping and description of hydrocarbon reservoirs. This projects 
studies onshore rocks that are analogous to rocks in the North 
Sea that form reservoir to oil and gas using P- and S-wave seismic 
data recording. As part of the project the PhD student will set up 
and carry out testing of the seismic instrumentation. The P- and 
S-wave data sets are integrated with borehole data and geological 
mapping and used to construct new models of key rock physical 
parameters, which are used in new reservoir models.
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DEMO MODEL AWF1

Development of 
Ekofisk
The demo model is inspired by the Kraka 
field, where the oil is found in a chalk 
layer in the subsurface, which is called 
Ekofisk. The oil produced in this field is 
today brought to the surface by a natural-
ly occuring over pressure in the resevoir. 
However, the pressure is declining quickly, 
and therefore only a very small amount of 
the oil will be recovered. In the Kraka field, 
it is expected that only about 12 per cent 
of the oil can be recovered based on the 
natural over pressure. By pumping water 
down into the oily geological strata, today 
it is perhaps possible to squeeze more of 
oil from the reservoir.

DHRTC’s hypothesis
• Changing the chemical properties of the 

injected water can increase oil production
• Optimizing the positioning of the wells 

in relation to the water and oil as well 
as the properties of the chalk strata can 
increase oil production

DHRTC research
In order to achieve the objective of improv-
ing the existing water injection technolo-
gy, DHRTC is conducting research into, for 
example:
• The identification of suitable IOR/EOR 

methods
• The working process in connection with 

the development of a DFN geomodel
• Outcrop descriptions for the calibration 

of models for subsurface fractures
• Processes for water-based recovery and 

laboratory-scale experiments
• Core flooding models for use in laborato-

ry-scale experiments 



shaking the surface of the ground with 
a compact item of portable equipment 
called the Vibrator Source ElViS III. 
The vibrator weighs just 35 kg and pro-
duces acoustic waves. When ElViS III 
stamps, the movement is transmitted as 
compression waves, or P-waves. When 
ElViS III shakes the surface from side 
to side, the movement is transmitted 
as waves that ‘twist’ the surroundings, 
and are known as shear or S-waves. 
The movements of the waves are reg-
istered by 96 geophones, which are 
small cylinders that are placed in a 
line at one-metre intervals for almost 
100 metres.

This means that the equipment is 
able to collect geological data down to 
a depth of 100 metres. When Janina 
Kammann then processes the data on 
her computer, she is able to show im-
ages of the chalk strata at Stevns and 
in Rørdal down to a resolution of just 
one metre.

“The combination of P and S-waves 
makes it possible to obtain informa-
tion about the petrophysical prop-
erties of the chalk. Previously, it was 
usually only possible to carry out 
measurements on land using P-waves, 
i.e. compression waves, and this pro-
vides less information about the phys-
ical characteristics of the chalk strata,” 
explains Janina Kammann. 

Chalk strata with different properties
On the face of it, the chalk strata 
appear very homogeneous, but the 
geologists’ analyses show that differ-
ences in the size and shape of even 
micron-sized grains (1 μm = 0.001 
mm) have a bearing on porosity. The 
oil industry is therefore interested in 
learning more about the properties of 
the chalk strata. 

“Out in the North Sea, the oil is 
found in chalk formations that resem-
ble those onshore. However, the ‘voids’ 
in the chalk, where the oil is located, 
are very different from place to place. 
This affects permeability, i.e. the ability 
of the chalk to transport gas and oil, 
and it is an important detail for the 
industry,” says Professor Lars Nielsen 
from the Department of Geosciences 
and Natural Resource Management at 
the University of Copenhagen.

He is PhD supervisor for Janina 
Kammann, and one of the three lead-
ers of the multidisciplinary research 
project which is lasting up to four years 
and includes contributions from 11 
members of academic staff at the Uni-
versity of Copenhagen and one or two 
postdocs at DHRTC. The other two 
leaders are Professor Lars Stemmerik 
from the Natural History Museum of 
Denmark and Professor Klaus Mo-
segaard from the Niels Bohr Institute. 

“Being able to participate in such a 
big interdisciplinary project through 
DHRTC is completely new. However, 
this interdisciplinarity is vital for us to 
fulfil the goals we have set ourselves. 
None of us could do it just working in 
our respective academic groups,” says 
Lars Nielsen.

The project is also basic research 
Natural science researchers are usual-
ly driven by wanting to find out more 
about basic aspects of the natural 
world, physics, and mathematics. This 
is also the goal here, but at the same 
time the ambition is to develop a new 
statistical model for the benefit of the 
oil industry, i.e. a kind of geological 
map of parts of the North Sea. This 
is what Professor Klaus Mosegaard is 
working on:

“The aim of all the DHRTC projects 
is to increase oil production in the 
North Sea, and out there people are in-
terested in having as detailed an image 
of the oil reserves and the geology as 
possible. Today, we have quite a lot of 
knowledge from, among other things, 
drill holes and seismic surveys, but in 
fact the picture is relatively unclear,” 
explains Klaus Mosegaard.

Klaus Mosegaard and his colleagues 
at the Niels Bohr Institute and DHRTC 
are working on new, interactive maps 
of the chalk strata in the North Sea 
with a resolution down to one metre. 
They are doing so by combining ex-
isting knowledge from the North Sea 
with new knowledge from, among 
other things, Janina Kammann’s PhD 
project. In addition, probability calcu-
lations are also used. 

“At the end of the day, a geologist or 
geophysicist should be able to ask the 
model what the geology looks like at 
a particular resolution at a given lo-
cation at a depth of say 3,312 metres. 
Then the model will come up with 
an answer, and at the same time state 
how much uncertainty is associated 
with the calculation,” says Klaus Mo-
segaard, who expects the first maps to 
be ready before 2020.

Shear wave seismic data from Stevns Klint of a ‘shot’. X-axis: Geophone registra-
tions 0–90 metres from the source. Y-axis: Time in metres/second.
Source: ’High resolution P- and S-wave reflection seismics linked to log data in
chalk reservoir analogues at Stevns, Denmark.’ Danish Hydrocarbon Research and 
Technology Centre Technology Conference 2016

Data from Stevns Klint
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CT scanning of core plugs contributes 
to more efficient oil recovery
Out in the North Sea, it is not possible to examine what 
exactly takes place in the reservoir when the oil industry 
injects water and in future perhaps adds chemicals, modified 
water, or bacteria to increase recovery. Therefore, research-
ers from DHRTC have taken core plugs to the laboratory and 
CT-scanned the recovery process.

The core plug is just 4 cm in diameter 
and 9 cm long. However, despite its size, 
this small cylinder of chalk from the 
North Sea may well contain secrets that 
are invaluable for the oil industry. In the 
laboratory, researchers from DHRTC 
use a method that mimics the actual 
recovery process in the North Sea, and 
they have improved the CT scanning of 

the process to follow the oil saturation 
inside the core sample. For this, they 
use bits of core plugs which are carefully 
chosen so their porosity and permeabil-
ity are largely similar to the conditions 
in the most oil-saturated rock strata —
several kilometres beneath the seabed. 

By means of the CT scan, the re-
searchers can show 3D images of what 

happens inside the chalk at millimetre 
scale when you inject water and in 
future perhaps chemicals, modified 
water, or bacteria to increase oil recov-
ery. The idea is to test different EOR 
(Enhanced Oil Recovery) methods 
in the laboratory and to arrive at the 
best method. In this way, the research 
could contribute — at the end of the 

Postdoc Amalia Yunita Halim in the laboratory. Photo: Joachim Rode
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day — to the industry being able to 
recover more oil.

“The aim is to visualize what is actu-
ally happening inside the core sample 
when we study a recovery process,” 
says Amalia Yunita Halim, a postdoc 
at DHRTC. “Often when you use an 
EOR method on a core sample in the 
laboratory, you can actually see that 
oil is being produced. However, you 
don’t actually know how the oil moves 
inside the core sample, and where in 
the core sample oil remains. Thanks to 
the improved image analysis provided 
by CT scans of the dense chalk core 
samples, it is possible to see whether 
the oil actually moves, and where it is 
trapped, and use this knowledge quan-
titatively without having to dope one 
of the fluids with contrast agent.”

Work in the laboratory
Conducting the experiments with core samples takes three to four 
months. These are parallel, comparable experiments, with some of 
them being CT-scanned along the way. During the scanning, the 
following happens:
• All dry core samples are CT-scanned to establish their 3D porosity 
• Saturation with brine which matches that found in the specific 

oil reservoir which the core sample comes from
• Saturation with oil, so the core sample now contains both oil 

and brine
• The EOR process in the core sample is scanned several times 

during the process
The CT scans must be corrected, as the X-ray tube in the scanner be-
comes hot and moves during the scanning. This changes the image 
values. To correct this, a pressure tank is used in which the core sam-
ple is placed as a reference material. The materials have a known CT 
value, and when their CT value deviates from the expected value, 
the entire image can be corrected according to the right value.
The bore samples are placed in a rubber sleeve in the pressure 
tank. They can therefore move slightly between the scans as the 
liquid is injected. Within medical image analysis, it is a well-known 
problem that images taken at different times or using different 
scanners have to be combined so they match as precisely as pos-
sible—so-called co-registration. These methods have been adapted 
so they can be used on bore samples.
The raw images from the scanner have a noise texture which 
makes it impossible to obtain quantitative information by deduct-
ing them directly from each other. The images are smoothed out 
instead using a Gaussian filter.

The core samples are cut 
out of the drill cores, which 
have been removed from the 
rock in connection with the 
drilling of the wells. They 
measure 4 cm in diameter 
and are about 9 cm long. 
Photo: Mirhossein 
Taheriotaghsara, DHRTC
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Smart water as lubricant
The scientific work with the CT scans 
focuses on examining which EOR 
methods might be worth using in or-
der to improve the sweep efficiency 
and reduce the residual oil saturation 
in an oil field.

“It’s much easier to choose the best 
EOR method when you can see what 
is happening inside the chalk and at 
the same time measure how much oil 
comes out. If you only measure the oil, 
it’s like working in the dark,” says An-
ders Nymark Christensen, a postdoc 
at DHRTC. 

Initially, the scientists are focusing 
on different combinations of brine as 
an EOR method — so-called ‘smart wa-
ter’. The researchers’ hypothesis is that 
it would be cheaper for the industry to 
use a variant of water rather than add-
ing various chemicals. The price has to 
be low, as the oil industry will need to 
use huge volumes. In 2014, about 35 
million cubic metres of sea water were 
injected into the rocks under the North 
Sea as part of the work to recover oil,” 
explains Anders Nymark Christensen:

“So, even if, as part of EOR, you 
needed to add just 100 ml of a chem-
ical, for example, to one cubic metre 
of water, it would still add up to large 
quantities,” he says.

The two researchers are part of an 
ever-growing team of more than 10 
people who are trying to find EOR 
methods that can increase oil recov-
ery, particularly in the North Sea.

"We are working to make sure 
that the improvement in production 
will be significant, ideally around 10 
per cent or more of the original oil 
in place in the laboratory," explains 
Amalia Yunita Halim, who adds that 
the work in the laboratory is associ-
ated with a degree of experimental 
uncertainty. Therefore, the results 
cannot be translated directly to the 
North Sea. 

Challenges along the way
It has taken a lot of patience to improve 
the method, which the researchers 
are expecting to describe in scientific 
journals. The challenges have included:

• selecting representative core samples, 
so that comparable tests can be car-
ried out in both the CT scanner and 
in similar setups without CT scanning

• analysing and using water with 
the same composition of salts as is 
found in the oil reservoirs in order 
to have the right reservoir condi-
tions in the laboratory

• working with a medical scanner 
that gets hot during the process and 
thus affects the test so that data had 
to be ‘cleaned’ afterwards

• developing a method for working 
without contrast agent, which is 
normal with CT scans. The usual 
contrast agents bind to the chalk 
and produce poor results 

• developing methods for synchro-
nizing the images from the scanner 
(i.e. combining several images to 
produce a single image) and filter-
ing them in a resolution that pro-
vides true quantitative information. 
The development work also de-

manded considerable innovation along 
the way. For example, Anders Nymark 
Christensen found out that, by drill-
ing millimetre-wide holes in the core 
samples, he could use the holes to syn-
chronize the images.

At the end of 2016, the status is 
that the method has been validated. 
Among other things, this is evident 
from the fact that the saturations from 
the image analyses from the CT scans 
are consistent with the mass balance.

“In other words, we now know what 
we inject, we know what happens in-
side the core sample, and we know 
what comes out. This means that 
we’re ready to start testing different 
EOR methods,” says Anders Nymark 
Christensen, and the two researchers 
agree that the really interesting part 
of the work can now begin:

“Our work only becomes really in-
teresting once we find an EOR method 
which can actually lead to greater oil 
recovery in the Danish section of the 
North Sea,” says Amalia Yunita Halim.
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Alternative 
methods for 
water flooding 
experiments 
At the end of 2016, researchers at the Geologi-
cal Survey of Denmark and Greenland (GEUS) 
started a series of ‘Ekofisk Base Case experi-
ments’, with the aim of investigating alternative 
methods for water flooding under reservoir 
conditions in the laboratory. In such experi-
ments, oil recovery in the North Sea is simulat-
ed under conditions which are as close to reality 
as possible. One of the challenges today is that 
the process takes three to four months for each 
chalk core plug. Can it be done faster? 

GEUS will examine this by comparing the 
usual porous plate technique for saturating core 
plugs using water with the vapour saturation 
method. 

“Theoretically, the porous plate technique is 
the most correct for simulating what happens 
in the reservoir, but the evaporation saturation 
method is much easier and quicker to use. So, if 
we can validate that it can be used without any 
disadvantages, it will be preferable,” says Dan 
Olsen, senior researcher and head of the GEUS 
Core Laboratory.

GEUS is also examining whether you can use 
‘dead crude oil’ — i.e. oil which is degassed — 
instead of ‘live crude oil’, which contains the 
naturally occurring gases, without impacting 
the quality of the measurements of the oil re-
covery. It is faster, easier and cheaper to work 
with degassed oil.

In addition, GEUS is examining:
• what difference there is in the results depend-

ing on whether core plugs are used which are 
fractured or not. The study may be able to 
improve the computer modelling of flow in 
fractured oil reservoirs.

• whether the core plugs can be reused in ex-
periments without it affecting the quality of 
the results. It would be an advantage if they 
could be reused, as it is expensive and difficult 
to obtain core plugs from oil reservoirs in the 
North Sea.

The Ekofisk Base Case experiments are expected 
to be completed by mid-2018.



New and promising method 
increases the sweep area in 
existing wells

DHRTC sheds light on the potential of using the radial 
jet drilling method to boost oil recovery from the existing 
horizontal wells in the North Sea.

The oil-bearing chalk strata in the 
North Sea are highly porous. This 
means there are a lot of cavities with 
space for oil. Nevertheless, the chalk is 
characterized by low permeability, so 
it is not easy for liquids such as water 
and oil to move. Commonly, the chalk 
reservoirs are flooded by water to pro-
duce more oil. Under such recovery 
method, the fluids move through a 
relatively limited area around the in-
jection and production wells. 

The oil industry has successfully 
developed a technology whereby the 
wells cover as large an area as possi-
ble. This is achieved by drilling hori-
zontall wells along the chalk strata, 
which are then stimulated with frac-
tures or acid to improve wells’ injec-
tivity and productivity. Even using 
such smart methods, may result in 
unswept oil-bearing areas - an unex-
ploited potential for recovering more 
oil - in the reservoirs. A known drill-
ing technology can bring these areas 
within reach; radial jet drilling (see 
graphic). DHRTC is working to adapt 
the method to the conditions in the 
North Sea, particularly focusing on 
the deep part of the Tor formation. 
The work involves everything from 
research in drilling technology and 
the development of numerical mod-
els to developing the actual technolo-
gy in cooperation with industry.

“Radial jet drilling is a relatively 
mature technology in the oil industry, 
which has been applied in vertical and 
inclined wells. So far, it has not been 

used in the North Sea’s horizontal 
wells,” says Senior Researcher Hamid 
Nick at DHRCT.

The research team
Postdoc Saeed Salimzadeh from 
DHRCT is part of the research team 
developing computer models that sim-
ulate radial jet drilling in the North 
Sea’s chalk strata. The purpose is to 
enable the oil industry to plan profita-
ble, new branching of existing wells in 
the North Sea. The numerical models 
will be used, for example, to calculate 
possible improvements of the injec-
tion processes and productivity, and 
indicate the expected ‘durability’ of 
the laterals which are drilled from the 
horizontal wells using jets of water. 

In some situations, the new bores 
may collapse and become blocked. 
Thus, laboratory tests of the method 
are conducted to evaluate the stabil-
ity of the laterals in chalk. The tests 
are performed by PhD student Maiya 
Medetbekova and supervised by Helle 
Foged Christensen. Helle is laboratory 
manager at Geo, a firm of consulting 
engineers with subsurface expertise. 
The research group is also part of a 
large European Horizon 2020 pro-
ject with 10 partners, SURE (Novel 
 Productivity Enhancement Concept 
for a Sustainable Utilization of a Ge-
othermal Resource). In the SURE 
project, universities and industry are 
working together to learn more about 
radial jet drilling for improving energy 
mining.
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DEMO MODEL AWF2

Improved oil  
 recovery in the 
deeper part of the 
Tor formation
The demo model seeks to identify possi-
bilities for increasing the recovery of oil in 
the deeper part of the Tor formation in the 
Halfdan field. Logging of observation and 
monitoring wells along with 4D seismic 
recordings have shown an uneven verti-
cal sweep mainly efficient in the upper 
parts. To improve the sweep efficiency in 
the lower part of the reservoir, research 
is being conducted into radial jet drilling 
technology for establishing smaller radial 
wellbores from the existing horizontal 
wells. The research focuses on modelling 
of radial wellbores and induced fractures 
as well as on the downhole tools needed 
to operate in the long horizontal section of 
the existing wells.

DHRTC’s hypothesis
Recovery of hydrocarbons from the Tor 
formation can be increased by providing 
access to the deeper sections from the ex-
isting wells and improve the vertical sweep 
efficiency. This can be achieved using ra-
dial jet drilling or alternative methods that 
may further be combined with methods 
for enhancing the induced fractures in the 
formation.

DHRTC research
To achieve the objective of improving 
recovery in the deeper part of the Tor for-
mation, DHRTC is conducting research into, 
for example:
• Modelling of stability and efficiency of 

jetted wellbores
• Modelling and simulation of induced 

fractures
• Laboratory testing of the effect on  

mechanical properties from jetting
• Preliminary study on development of 

composite coiled tubing
• Simulations for assessing financial 

viability of solution



Three-step radial jet drilling procedure 

STEP 1 STEP 2 STEP 3
Mill a hole in 
the casing with 
a rotation drill 
bit driven by a 
downhole motor.

Jet a hole 
into the formation 
using high 
pressure inside 
the nozzle head, 
leading to high-
exit-velocity jet.

Washing out 
the hole by 
pulling back 
the nozzle head.

˜  100 m

1-5 km

Three-step radial jet drilling procedure 

STEP 1 STEP 2 STEP 3
Mill a hole in 
the casing with 
a rotation drill 
bit driven by a 
downhole motor.

Jet a hole 
into the formation 
using high 
pressure inside 
the nozzle head, 
leading to high-
exit-velocity jet.

Washing out 
the hole by 
pulling back 
the nozzle head.

˜  100 m

1-5 km

Radial Jet Drilling
Radial Jet Drilling is a cost efficient technique that uses a high-pressure water jet to drill numerous radial 
laterals in one or multiple layers from the main wellbore. The diameter of radials varies between 1 to 2 
inches, and their extension can reach up to 100 m. This technique has several advantages over the tradi-
tional stimulation method of hydraulic fracturing: 
i) this technique does not require large volumes of water; 
ii) it is fast as it has the ability to drill up to 8 laterals in two days opposed to a typical four weeks per well 

as for hydraulic fracturing;
iii) induces minimized damage in the near wellbore area, which is an advantage for production
iv) due to its extended penetration, laterals can reach beyond the damaged area of the well-bore; and 

more importantly, 
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SURE runs until 2020, and has three 
main objectives:
• demonstrating maximum improve-

ment in reservoirs by using radial 
jet drilling

• clarifying the technological sustain-
ability—including the durability of 
the wells 

• identifying the environmental con-
sequences—compared with other 
methods for increasing the recovery 
of heat or oil.

High expectations for the method
“In the North Sea, we expect radial 
jet drilling to offer significant benefits 
compared to other methods of well 
stimulations, such as hydraulic or acid 
fracturing in which water and acids 
are used to induce fractures along the 
borehole,” says Hamid Nick. “Radi-
al jet drilling has, among others, the 
advantage of using much smaller vol-
umes of water. To water jet a 100-me-
ter length lateral from a well, only 2-5 
cubic metres of water is required, and 

it may not even be necessary to use 
chemicals, which is much more envi-
ronmentally-friendly.”

DHRTC’s work with radial jet drill-
ing began in early 2016. Now, the 
method is being developed all the way 
from the laboratory to the field scale in 
the North Sea. Along the way, testing 
will be carried out in quarries, in shal-
low wells and, finally, in the 2–3 km 
deep reservoirs. The ambition is that 
the method will be in use in the North 
Sea in 2019. 

The radial jet drilling research team: Postdoc Saeed Salimzadeh, DHRTC, PhD student Maiya Medetbekova, DHRTC, Senior 
Researcher Hamid Nick, DHRTC, Helle Foged Christensen, Laboratory Managerat Geo. Photo: Mikael Schlosser
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Alle Danmarks producerende felter er placeret i Nordsøen og ses af figuren sammen med de vigtigste rørledninger. Der er i alt 
19 felter der er eller har været i produktion på nuværende tidspunkt, og indvindingen fra disse felter varetages af tre operatører; 
DONG E&P A/S, Hess Denmark ApS og Mærsk Olie og Gas A/S. Felterne Hejre og Ravn er under etablering, men endnu ikke i 
produktion. Kilde: Energistyrelsen

Production plants in the North Sea

Placering af produktionsanlæg i Nordsøen 2015
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Production plants in the North Sea
All of Denmark’s producing fields are located in the North Sea and 
shown in the figure together with the most important pipelines. 

Altogether, there are 19 fields which are or have been in production. And recoveries from these fields are handled 
by three operators: DONG E&P, Hess Denmark ApS and Maersk Oil and Gas. The Hejre and Ravn fields are 
under establishment but not yet in production. Source: Danish Energy Agency, 2015
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Cost Transformation 
How can you activate the implicit knowledge 
which has been generated in recent decades 
in order to fundamentally change the costs 
level and thus extend the commercial oper-
ation of the Danish platforms in the North 
Sea? This is the key question which DHRTC’s 
research programme Cost Transformation 
(CTR) seeks to answer.
 
Running an oil plant is incredibly complex 
and involves vast volumes of data each day 
that people look at and base their deci-
sion-making on. This is true all the way from 
the reservoir and until the oil and gas have 
been transported to shore in a sufficiently 
high quality. To make it possible to handle 
such large volumes of data, the data are 
filtered based on an implicit understanding 
of which information is important. This is not 
necessarily the optimum solution.
 
To maintain commercial operations for longer 
periods of time, a change is needed so that 
large volumes of data which already exist 
can be processed more efficiently, so that 
everyone involved is able to make decisions 
that are more well-founded and relevant.
 
The research conducted in the Cost Transfor-
mation programme focuses on three areas:
• Optimization of water injection and sys-

tems for treating the water injected and 
produced, based on an understanding of 
the data. By improving the systems, it will 
be possible to increase daily oil production   

• Extending the commercially viable oper-
ational phase by reducing maintenance 
costs and investing in improvements to the 
production facilities. The extra production 
years will increase the total oil recovery 
factor

• Extending the structural life span of the 
platforms and their ability to withstand ex-
treme wave loads so that plant operations 
are ensured until 2042

Photo: Maersk 

Increased oil recovery 
through a shift on  
the cost side
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Increased oil recovery 
through a shift on  
the cost side



Upgraded water treatment can 
prevent bottlenecks in oil recovery
The more difficult it becomes to recover oil in the North Sea, 
the more water will be required for the process. The plants 
that inject water into the wells and clean the production 
water of oil and chemical residues need to be upgraded.

In order to maintain the pressure in an 
oil reservoir and to stimulate produc-
tion, increasing volumes of water need 
to be injected into the oil-bearing, ge-
ological strata so that the displaced oil 
can be ‘swept’ to the adjacent produc-
tion wells.

“Today, producing a single barrel 
of oil often comes along about three 
barrels of water. And the produced 
water does not bring profits. When 
the hydrocarbon is brought up and 
separated into gas, oil, and water, the 
production water which contains both 
oil residues and chemicals needs to 
be cleaned before it is discharged into 
the sea or before it can be re-injected. 
Therefore, it makes sense to research 

how we can optimize this process,” 
says Zhenyu Yang, Associate Professor 
at the Department of Energy Technol-
ogy at Aalborg University in Esbjerg.

At the beginning of 2016, research-
ers from Aalborg University start-
ed working with researchers from 
DHRTC. The project is part of the 
‘Water Management’ programme un-
der DHRTC, and may well contribute 
to increased oil and gas production, 
but also potentially improve the qual-
ity of the cleaned water which is dis-
charged to the sea or re-injected into 
the wells.

The issue is not urgent as such, but 
certainly very relevant on the plat-
forms in the North Sea.

“You need to remember that the in-
stallations for injecting and treating 
the water from production date back to 
the 1970s. Oil recovery today requires 
more and more water, and this means 
that the water treatment plants have to 
be able to keep pace. By increasing the 
amount of water which is injected, and 
the amount of water which is treated, 
you can also increase the amount of oil 
which is produced,” says Zhenyu Yang.

The project is aiming for significant 
production improvements. The re-
searchers are suggesting three solution 
models, and all the solutions are being 
tested on Aalborg University’s pilot 
plant in Esbjerg.

The first solution is the easiest and 
the cheapest and does not require sig-
nificant investments. It involves mod-
ifying and improving the automation 
system software which, for example, 
controls the opening of valves and the 
flow and injection of water.

It is a so-called ‘software retrofit’ 
solution that improves the productivi-
ty of the existing water treatment plant 
by adjusting the control systems while 
leaving the mechanical design intact. 
This means minimal downtime during 
implementation.

“By developing a software-based 
system that regulates the individual 
systems, we are eliminating the weak-
nesses in the individual systems and 
getting them to work together as one 
big dynamic system. In this way, you 
better utilize the oil that is recovered, 
which increases productivity while 
significantly reducing the oil content 
in the return water,” he says.

 "With the new technology, we can increase production regularity and get down to 
zero per cent discharges," says Zhenyu Yang, Associate Professor at the Depart-
ment of Energy Technology at Aalborg University in Esbjerg. Photo: André Thorup, 
JydskeVestkysten
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The second solution combines soft-
ware and hardware improvements. 
The solution requires limited invest-
ments in hardware — for example the 
installation of new sensors and new 
pumps, which, together with new soft-
ware, will improve the overall perfor-
mance of the entire plant. This solu-
tion will improve productivity more 
than the first proposal.

The third solution is more far-reach-
ing.

“The ultimate aim of our research is 
a technological breakthrough where we 
will use the very latest technologies in 
the control systems and ceramic mem-
brane filtration. By means of advanced 
modelling and an intelligent control 
strategy, this solution will ensure a high 
level of regularity and availability in 
production as well as the zero emission 
of hydrocarbons from the production 

water. It calls for development and 
major investments, but on the other 
hand it can lead to higher regularity in 
operations and improved protection 
of the environment in the oil and gas 
industry without compromising pro-
duction capacity or production costs,” 
says Zhenyu Yang. The project is being 
developed in close collaboration with 
DTU Electrical Engineering.

The oil companies have to submit 
daily reports on the presence of vari-
ous substances in the cleaned produc-
tion water which is discharged to the 
sea. At the moment, the requirement 
is that the water must not contain 
more than 0.003 per cent (30 ppm) oil 
residue. 

“With the new technology, we can 
increase production regularity and get 
down to zero per cent discharges of oil 
residue,” he says. 

Water Management project
The project is a collaboration between DHRTC, the Department of 
Energy Technology, Esbjerg under Aalborg University, DTU Electri-
cal Engineering, DTU Compute, and Maersk Oil.
The project focuses on, among other things, the advanced control 
and optimization of produced water — including relevant facilities 
and processes with the following goals:
• Significant increase in production. Reduced environmental im-

pact: reducing the discharge of hydrocarbons from 30 milligrams 
per litre of water to zero

• Improved productivity: relative to the production volume equiva-
lent to from 2 to 10 per cent 

• Project start: 1 February 2016 
• Project end: 31 January 2019

The research group suggests three solution models:
Software-retrofit solution: This solution is based on the existing 
production facilities and processes, where you develop and use 
advanced control and automation software to achieve the above 
objectives.
Combined software and hardware-retrofit solution: This solu-
tion will seek to achieve the objectives with limited improvements 
to facilities and processing by means of new hardware combined 
with new, advanced control and automation software.
Technological breakthrough solution: With the help of an intelli-
gent control strategy and advanced modelling based on Multilevel 
Flow Modelling based on advanced membrane filtration, this solu-
tion will ensure a high level of regularity and availability in produc-
tion, as well as zero emissions of hydrocarbons from the produc-
tion water.
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DEMO MODEL CTR1

Big data analyses 
to increase water 
injection
In order to maintain the significant in-
crease in capacity which has been obtained 
by optimizing the water injection systems(-
WI systems) and also the produced water 
treatment systems (PWT systems) at the 
oil production plants Dan and Halfdan, the 
demo model focuses on developing models 
that describe the plants. To prepare the 
models which can help operators optimize 
plant operations, big data computer meth-
ods are used based on data from the past 
and present.

DHRTC’s hypothesis
• It is possible to prevent a reduction 

in the availability of water injection/
produced water treatment over time by 
using big data analyses 

• Reasons for downtime can be identified

DHRTC research
To achieve the objective of improving wa-
ter injection and produced water treatment 
systems by means of big data, DHRTC is 
conducting research into, for example:
• The development of specific cause-con-

sequence models (MFM) to ensure online 
causal assessment and decision-making 
support

• The documentation of validation and 
verification in connection with Aalborg 
University Esbjerg (AAU-E) PWT pilot 
plant 

• ‘Classic’ big data exercise for Dan’s water 
injection/PWT packs

• The development of a ‘surrogate model’ 
in the MFM method

• The development of relational software 
between MFM, FMECA, HAZOP and P&ID 
‘languages’ 



Tomorrow’s wellhead platforms  
offer best value for money
When building a new unmanned wellhead platform, you can choose to do what you have 
always done, but if, out of economic necessity, you decide on a simple model with only the 
most necessary functions, is this really the most expedient choice, also in the long term? 
A DHRTC team om researchers from DTU Mechanical Engineering have sketched their 
design for the cost-effective platform of the future.

We are talking billions of Danish 
kroners when establishing a single, 
unmanned wellhead platform and 
connecting it to the overall production 
system. The platform alone costs about 
DKK 400 million. Consequently, a lot 
of money could be saved by taking a 
different approach if you have to build 
a new one.

This was the background for the 
LEAN Wellhead Platforms research 
project, where researchers from 
DHRTC and DTU Mechanical En-

gineering tested the hypothesis that 
it makes financial sense to combine 
modular architecture and LEAN 
thinking when building new plat-
forms. There were a lot of synergies 
between the project and an ongoing 
Maersk Oil project.

In other words: Is it possible to de-
velop a prototype of a so-called well-
head platform — an unmanned plat-
form — which, in addition to being 
the most financially favourable over 
a 10-year period, is also modular, so 

that it can easily be expanded to meet 
future needs and coupled to existing 
production platforms which are oper-
ated by Maersk Oil in the Danish sec-
tion of the North Sea?

“Our research shows that, com-
pared to ‘business as usual’, it is pos-
sible to realize potential savings of 
20–30 per cent on the upper part of a 
platform which is only equipped with 
the bare minimum. However, if you 
do not choose the cheapest individu-
al solutions throughout, but take into 
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account maintenance costs and the 
consequences of all the various choic-
es you make along the way, you can 
achieve even greater economies,” says 
postdoc Poul Martin Ravn from DTU 
the research team.

The researchers from the centre con-
cluded the project in Summer 2016, 
when the report was submitted to 
Maersk Oil. The scientific articles from 
the project will soon be published.

New mindset behind research 
project
The team of researchers challenged the 
conventional approach and used the 
ideas behind product architectures to 
identify the most cost-effective platform.

This involves taking an overall look 
at the platform as if it was composed 
of building blocks, where you analyse 
the different physical elements, and 
for each one you develop different 

An unmanned wellhead platform: 
- is a platform with no permanent crew
- has space for 6–10 wellbores
- in the North Sea is based on a so-called STAR (Slim Tripod Adapt-

ed for Rig Installation) platform

The collaboration project:
- was a project between DHRTC, DTU Mechanical Engineering and 

Maersk Oil
- was carried out in the period December 2015 — June 2016
- compared 15 existing wellhead platforms
- focused on the use of modular architecture to identify core func-

tions and modules and thereby achieve economies
- clarified the costs and consequences of operational, functional, 

and physical design choices
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An unmanned wellhead platform is a platform with no permanent crew. Photo: Maersk

DEMO MODEL CTR2

Restructuring 
operating and 
maintenance 
costs 
The demo model identifies various possi-
bilities for reducing maintenance costs and 
for investing in production improvements 
at the Gorm field’s production plant. A 
decries in operation cost offers a postpone-
ment of the economic cut-off date result-
ing in an increased recovery., and thus the 
field can be used more optimally and for a 
longer period of time.

DHRTC’s hypothesis
• The considerable uncertainty surround-

ing the assumptions on which the 
desired cost reduction are based can be 
handled by means of operational control 
and modular technical investigations

• Further cost improvements can be 
achieved by inhibiting corrosion external-
ly and by designing new lean wellhead 
platforms 

• The concept for planning maintenance, 
procedures, and satellite design can be 
optimized

 
Expected key deliverables
• Cost reduction by means of novel 

maintenance planning 
• New concept for wellhead platforms
• Advanced repair options with cement
• Tool for planning well intervention
• Test and validation of deposit and corro-

sion-inhibiting techniques



options. Then, you look at the mutual 
consequences of the building blocks in 
context, and combine them in various 
scenarios.

“This gives you a clear overview of 
how the different choices affect capital 
and operational expenditure, i.e. the 
costs associated with constructing and 
operating an oil rig,” says Poul Martin 
Ravn.

Many critical choices 
After a thorough analysis of four well-
head platforms in the North Sea, the 
researchers were able — together with 
experts from Maersk Oil — to define 
seven different core modules which 
involve several critical choices.

One question, for example, is how 
to clean the pipes that run between the 
platforms.

“Here, you can choose between two 
solutions. Either you can clean the 
pipe in one direction, where you have 
to send a crew out to the otherwise un-
manned platform, or you can design a 
looped pipe, which makes it possible 
to send the cleaning device — a so-
called pig — forwards and backwards. 
The latter solution is more expensive 
and more complicated to establish, but 
it means that the pipes can be cleaned 
without physically visiting the well-
head platform,” he says.

With the former solution, you have 
to have crew on the wellhead platform 
to dispatch the pig. 

“This requires both manpower and 
a boat with a crane, because the pig 
weighs more than what the person-
nel are allowed to lift. In this case, 
the most cost-effective solution in 
the long term is the most expensive 
to establish, where you avoid having 
to send crew out to the wellhead plat-
form. From an occupational health 
and safety perspective, it is also pref-
erable,” says the researcher.

Cheapest solution not necessarily 
the best
An unmanned platform usually has 
between six and 10 wellbores going 
down into the subsoil, depending on 
how the oil and gas are distributed. It 
must be possible to shut off produc-
tion from the wells — for example in 
connection with maintenance. 

“The question is: Must it be pos-
sible to close the valves separately 
for each well, or is it better to have a 
combined closing mechanism which 
closes all the wells at once? Here, it 
turns out that it is cheaper to build a 
combined closing mechanism, but in 
the long term it is far from the most 
cost-effective solution because then it 
is not possible to repair or maintain an 

individual borehole without shutting 
down production completely,” says 
Poul Martin Ravn.

Experiences from real life
During the project, the researchers 
from DHRTC were in constant contact 
with Maersk project managers and en-
gineers to get qualified feedback from 
specialists on their analyses.

“At our monthly meetings, the re-
searchers presented their findings. 
Sometimes we had to adjust the as-
sumptions for their conclusions. But 
other times they certainly had some 
points that challenged our ‘business as 
usual’ approach,” says Jakob Knudsen, 
a project manager with Maersk Oil.

For Maersk Oil, working with a uni-
versity on a development project is a 
completely new thing. 

“It’s never really possible to know 
whether we would have arrived at the 
same conclusions without DTU, but 
DHRTC has done a fantastic job and 
helped us along the way. We were cer-
tainly able to really get to the bottom 
because the researchers had the re-
sources and the methods to shed light 
on the various options in much more 
detail than we usually do,” explains 
Jakob Knudsen. 

During the project, the researchers from DHRTC were in constant contact with Maersk Oil project managers and engineers to 
get qualified feedback from specialists on their analyses. Photo: Poul Martin Ravn
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Need for more 
knowledge about the 
load from extreme waves 
Unusually high and very irregular waves occur more 
frequently in the North Sea than previously assumed. 
But how often, and how do they impact the platforms? 
DHRTC’s research project Extreme waves is seeking 
answers to these questions.

Platforms in the North Sea are designed 
to withstand being knocked about a bit. 
By severe storms and strong currents 
— even by waves so huge that statisti-
cally they should only occur once every 
10,000 years. But can the statistics be 
relied on? And how are the platforms 
impacted by the extreme waves?

“Today, we don’t know enough about 
extreme waves. We don’t know how fre-
quently they occur, we don’t know why 
they occur, and we don’t know enough 
about the impact of the waves for us 
to define the degree of uncertainty in 
relation to the design of offshore struc-
tures,” says Professor Christos Thomas 
Georgakis from the Department of 
Engineering at Aarhus University.

Extreme waves are rare, but they 
happen more frequently than previ-
ously assumed. 1 January 1995 is an 
important date in this context.

It was a stormy day — perhaps a 
little rougher than usual. Around the 
Norwegian platform Draupner in the 
North Sea, the sea was so rough that 
the waves measured 12 metres from 
crest to trough. Suddenly, a huge 
rogue wave measuring 26 metres 
appeared out of nowhere. The wave 
was not only unusual because of its 
height. It was also the first time that 
such an extreme wave had ever been 
accurately detected with measuring  
equipment. Until then, only anecdotal 
evidence from seafarers existed about 

Objective of the ‘Extreme waves’ project
•  DHRTC will create an improved load model that can be used by 

the industry to determine more precisely the loads which off-
shore structures are subjected to by extreme waves. The pur-
pose is to substantiate the safety of existing structures and to 
create a basis for more optimum designs in future. 

•  DHRTC is seeking to develop a technology that can measure the 
wave impact indirectly and in real time by means of sensors. By 
measuring the response from the platform — in other words how 
much it moves — it will be possible to determine the load from 
the waves.

• DHRTC will further develop the analyses of the data coming from 
the LIDAR systems — a combination of laser and radar that regis-
ters wave frequency and size. Here, DHRTC can contribute with 
the improved collection, processing, and comparison of data that 
can contribute to modelling waves with existing software. 

29DHRTC 2016

DEMO MODEL CTR3

Extend life of  
platforms to secure 
infrastructure
With a view to ensuring the operation of 
existing offshore production platforms 
beyond 2042, the aim of the demonstra-
tion model is to demonstrate the ability 
of permanent structures to withstand 
impacts from extreme waves. Attempts will 
be made to solve this challenge through 
a combination of improved monitoring, 
greater understanding of the physics and 
frequency of extreme waves, as well as ad-
vanced methods for uncertainty handling 
and risk assessment.

To the extent that a prolonged life span 
can thereby be supported, this opens up 
for the possibility that existing production 
facilities can act as nodal points in future 
tie-in solutions. 

DHRTC’s hypothesis
Through an improved understanding of 
structural response and extreme waves, 
the research hypothesis is to supplement 
DUC’s AWARE project with a view to 
reducing the level of uncertainty in the risk 
analysis, and to thereby enable decisions 
to be made concerning extended life spans, 
structural reinforcements, operational 
initiatives, etc.

Expected key deliverables
• Statistical description of the actual 

strain. 
• Wave statistics and monitoring data 
• Structural monitoring data 
• Validation of structural calculation 

models 
• Load model for and statistical description 

of extreme, breaking waves 
• Risk modelling



these sudden huge waves.
In 2012, a Maersk Oil employee 

photographed a high breaking wave 
on the Tyra platform in the Danish 
section of the North Sea.

“For such a dramatic wave type to 
occur out in the open sea was com-
pletely unexpected. And it raised the 
question: Were the platforms designed 
to withstand these extreme waves?” 
asks Professor Christos Thomas Geor-
gakis from the Department of Engi-
neering at Aarhus University.

A potential threat
The episodes resulted in a number of 
further investigations.

“Maersk Oil launched a major pro-
ject to map the impacts from breaking 
waves. The focus was mainly on the 
platforms in the Tyra field which had 
sunk with time, so that the distance 
from the surface of the sea to the plat-
forms was reduced. The overall con-
clusion was that the waves could po-
tentially pose a threat, and that more 
research in the area was needed,” he 
says.

That was the reason for establishing 
the research project ‘Extreme waves’, 
which is a joint project by DHRTC 
and Aarhus University with the part-
ners DTU Mechanical Engineering, 
DTU Wind, DHI, and Maersk Oil. 

Test facilities at sea
The project aims to develop an im-
proved model for the loads which off-
shore structures are exposed to, to de-
velop a technology that can measure 
wave impacts, and, finally, to improve 
the collection, processing, and com-
parison of data.

“Initially, we are focusing on eval-
uating the importance of a number 
of fundamental assumptions. How- 
ever, it is our hope that the project will 
grow, and that we get to understand 
the impact of waves better, among 
other things by establishing an inshore 
experimental centre,” says Christos 
Thomas Georgakis.

Most of the existing knowledge 
about breaking waves and their impact 
comes from experimental wave pools 
around the world. The problem is that 
the natural spatial and environmental 
conditions cannot be replicated exactly.

“A typical wave pool is 50 cm deep 
and has artificially created waves. 
When simulating sea depths of 45 
metres, the scale is 1:90. However, we 
know for a fact that there are scaling 
effects, and a test centre on a scale of 
1:10 would be very useful for being 
able to assess the errors from these 
scaling effects,” he says.

Whether the test centre will be es-
tablished and where it might be situ-
ated is still unknown. However, Chris-
tos Thomas Georgakis is in no doubt 
about the potential benefits. 

“If we build a test centre with a wa-
ter depth of 5–6 metres, we can meas-
ure the interaction between waves and 
structures on a scale that is not 1:90, 
but 1:8 or 1:9 instead. And for every 
extreme wave that we register in the 
North Sea, we can probably register 
10,000 corresponding waves at a depth 
of 5 metres close to the shore. This will 
give us much more accurate data about 
the impact of extreme waves,” he says. 

The ‘Draupner wave’ — a single, monster wave that was measured on the Norwegian 
platform of the same name on New Year’s Day in 1995 — confirmed the existence of 
extreme waves, which until then had been regarded as almost mythical. Source: DMI
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The project 'Extreme waves' aims to 
develop an improved model for the 
loads which offshore structures are 
exposed to. Photo: Maersk Oil
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TIGHT RESERVOIR DEVELOPMENT 

 
Increased recovery 
from the Tuxen 
formation

Is it possible to achieve a stable production 
of oil from the deepest chalk stratum in the 
North Sea, the Tuxen formation? This is the 
focus of DHRTC’s latest research programme 
— Tight Reservoir Development (TRD). 

Today, in certain oil fields the oil industry 
recovers oil from the deep chalk stratum, 
the Tuxen formation, which was formed 
more than 100 million years ago. The Tuxen 
chalk is less permeable than the chalk in the 
Ekofisk and Tor formations higher up, and 
it presents a challenge that the production 
varies so much from well to well. There are 
relatively large quantities of oil in the Tuxen 
formation at locations where the industry 
already has infrastructure in place. However, 
there is a need to clarify how best to develop 
production, and to clarify whether new 
investments in equipment would be worth-
while. At the end of 2016, DHRTC decided to 
initiate the research programme Tight Reser-
voir Development, which focuses on finding 
out more about the deep chalk stratum. The 
programme will be described in more detail in 
demo models in 2017. From the outset, it is 
clear that it is necessary to conduct research 
into the core disciplines of geology and geo-
physics, as knowledge about the formation is 
still incomplete. 

Photo: Finn Jakobsen et al. 2003, GEUS



First DHRTC conference on the 
potentials in the North Sea
In 2016, DHRTC held its first conference on the potentials 
for Danish oil and gas in the North Sea. 

In November, about 200 representa-
tives from the business communities, 
authorities and the university world 
met for the two-day DHRTC Tech-
nology Conference 2016 in Helsingør 
north of Copenhagen. Focus of the 
conference: How can we work together 
to develop models for solving the chal-
lenges that oil and gas extraction faces 
in the coming years in the Danish part 
of the North Sea? 

“During its first years of existence, 
the Centre has attracted many highly 
qualified people, and we are now ready 
to discuss what we have learned,” said 
Bo Cerup-Simonsen, Director of the 

Danish Hydrocarbon Research and 
Technology Centre. “DHRTC aims to 
generate new knowledge, innovation, 
and new solutions. This requires us 
to create a good collaborative model 
which can make large businesses and 
universities work together. Instead of 
working with a classic organisation, we 
need to cooperate in networks in new 
ways.” 

At the conference, researchers and 
businesses from abroad contributed 
with knowledge and input. Among 
the attendants were representatives 
from Norway, the UK, the Nether-
lands, and Mexico.

On the first day of the conference, 
‘co-creation’ was in focus with pres-
entations and discussions about how 
the business community and univer-
sities can cooperate in the best possi-
ble way despite their different success 
criteria. The second day of the confer-
ence was dedicated to scientific pres-
entations and discussions about the 
academic challenges.

 On the DHRTC website, you can 
see the conference programme and 
read the abstracts. Next year’s confer-
ence will be held on the 14th and 15th 
of November at Comwell Kolding.

Presentations and discussions in plenary sessions. Photo: Mikal Schlosser
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Scientific discussions at the poster session. Photo: Mikal Schlosser

Debates and network during breaks. Photo Mikael Schlosser
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Co-creation - 
Highlights from the 
panel discussion
Henrik Tirsgaard, Head of Technology & 
Innovation at Maersk Oil:
“For DUC and Maersk, this cooperation means 
that we have a great opportunity to evolve towards 
a more open system where we share our chal-
lenges in exchange for a greater and more focussed 
engagement from the universities. It is no small 
challenge to get industry and the five universities 
to work effectively together. For it to succeed there 
has to be an underlying belief that it will work and 
that we can trust each other’s motives. We must 
focus less on optimising own interests and more 
on the common interest in ensuring that this 
cooperation bears fruit and DHRTC can evolve 
over many years to come. DHRTC has found a 
good way of organizing the work with the focus 
of the demo models on specific challenges and 
solutions. All the demo models are attractive for 
industry, and the individual work packages under 
each model are interesting for the researchers.”

Colette Cohen, CEO at the Oil & Gas Technology 
Centre, UK:
“It is important for us to create the right culture 
for innovation to succeed. So far, our industry 
has mainly evolved out of necessity. We tend 
not to introduce new technologies because they 
are interesting, exciting or transformational. 
We do so when we have an urgent need. There 
are many solutions that could have been imple-
mented earlier, but when the oil price was high 
our focus was elsewhere. Now, in this period of 
lower oil prices, technology is essential to im-
proving efficiency and we must  work together 
to find the best solutions.”

Ole Ringdal, CEO at the International Research 
Institute of Stavanger (IRIS):
“The industry needs application-oriented solutions, 
patents, and commercialization. The researchers 
are focusing on citations, quality evaluations, and 
peer reviews. You need to ensure that academia 
is able to live up to high academic standards. You 
cannot force a professor to cooperate on some-
thing he or she does not find interesting.”

Peter Van Giessel, Venture Principal, Shell 
Technology Ventures:
“At Shell, we spend a billion dollars a year on re-
search and innovation. We are working together 
to attract talents, to bring new ideas on board, 
and to obtain knowledge that can help us decide 
what we should focus on in our development. 
However, we don’t believe there is a natural flow 
from the universities to industry in the form of 
useful solutions. In addition, the process is too 
long, often decades.”
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Technology Centre, building 375 at DTU

Bruna Silva Nabuco, Research Assistant, Danish Hydrocarbon Research 

and Technology Centre, building 375 at DTU

Camilla Louise Wûrtzen, Student worker, Danish Hydrocarbon Research 

and Technology Centre, building 375 at DTU

Casper Hoeck, Postdoc, DTU, Department of Chemistry

Casper Schousboe Andreassen, Associate Professor, DTU, Department of  

Mechanical Engineering

Celina Baumann, Piccoline, Danish Hydrocarbon Research and Technology 

Centre, building 375 at DTU

Christian Berggreen, Associate Professor, DTU, Department of  

Mechanical Engineering

Christian Frithiof Niordson, Professor, Head of Section of solid mechanics, 

DTU, Department of Mechanical Engineering

Christian Jannik Bjerrum, Local Focal Point, University of Copenhagen

Christos Georgakis, Professor, PhD supervisor, Aarhus University

Christos Tsanas, Research Assistant , DTU, Department of Chemistry

Claus Myllerup, Programme Director, Danish Hydrocarbon Research and  

Technology Centre, building 375 at DTU

Claus Rasmussen, IT Supporter, Danish Hydrocarbon Research and  

Technology Centre, building 375 at DTU

Dan Olsen, Senior Researcher, The Geological Survey of Denmark and  

Greenland, GEUS

Denis Kirchübel, PhD, Department of Electrical Engineering

Dmytro Mihrin, Student worker, Danish Hydrocarbon  

Research and Technology Centre, building 375 at DTU

Dorthe Degn, Secretary, Danish Hydrocarbon Research and Technology 

Centre, building 375 at DTU

Drude Hargbøl Hundevadt, PhD, DTU, Department of Management  

Engineering

Elena V. Pachkova, Head of Administration, Danish Hydrocarbon Research 

and Technology Centre, building 375 at DTU

Emil Krabbe Nielsen, PhD, Department of Electrical Engineering

Erik Bek-Pedersen, Programme Manager, Danish Hydrocarbon Research 

and Technology Centre, building 375 at DTU

Erling Halfdan Stenby, Scientific Director, Danish Hydrocarbon Research 

and Technology Centre, building 375 at DTU

Esben Thormann, Associate Professor, DTU, Department of Chemistry

Evangelos Katsanos, Assistant Professor, DTU, Department of Civil  

Engineering

Fenja Nielsen, Research Assistant , DTU, Department of Mechanical 

Engineering

Florian Walther Harald Smit, PhD, Danish Hydrocarbon Research and 

Technology Centre, building 375 at DTU

Frank Niessen, PhD, Danish Hydrocarbon Research and Technology Cen-

tre, building 375 at DTU

Frédéric Amour, Postdoc, Danish Hydrocarbon Research and Technology 

Centre, building 375 at DTU

Giacomo Montagner, Research Assistant, DTU, Department of Mechanical 

Engineering

Gregor Fischer, Associate Professor, DTU, Department of Civil Engineering

Gülnur Dogan, Local Focal Point, Aarhus University

Hadise Baghooee, PhD, Danish Hydrocarbon Research and Technology 

Centre, building 375 at DTU

Hamidreza Maghami Nick, Senior Researcher, Danish Hydrocarbon Re-

search and Technology Centre, building 375 at DTU

Hanne Dahl Holmslykke, Postdoc, The Geological Survey of Denmark and  

Greenland, GEUS

Hans Jørgen Riber, Naval Architecht, Ph.D., Head of BD., LIC

Hans Røy, Assistant Professor, manager, Aarhus University

Helle Baumann, Secretary, Danish Hydrocarbon Research and Technology 

Centre, building 375 at DTU

Henning Hartmann, Programme Manager, Danish Hydrocarbon Research 

and Technology Centre, building 375 at DTU

Henry Enevoldsen, Lab technician, Aalborg University

Hoda Javanmard, Scientist assistant, Danish Hydrocarbon Research and  

Technology Centre, building 375 at DTU
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Ida Fabricius Lykke, Professor, Head of Section, DTU, Department of Civil 

Engineering

Ieva Paegle, Postdoc, Danish Hydrocarbon Research and Technology 

Centre, building 375 at DTU

Irina Kim, Project Coordinator, Danish Hydrocarbon Research and  

Technology Centre, building 375 at DTU

Iris Fernandes, PhD, University of Copenhagen

Jan H Christensen
Peter Christensen (technician), Professor, Lab manager, 

University of Copenhagen

Janina Kammann, PhD, University of Copenhagen

Jens Muff, Associate Professor, Aalborg University

Jerome Jean-Marie Bellini, Project Coordinator, Danish Hydrocarbon Re-

search and Technology Centre, building 375 at DTU

Jesper Christian Holst, Project manager, Danish Hydrocarbon Research 

and Technology Centre, building 375 at DTU

Jesper Sören Dramsch, PhD, Danish Hydrocarbon Research and  

Technology Centre, building 375 at DTU

John Bagterp Jorgensen, Professor, DTU, Department of Applied  

Mathematics and Computer Science

John Hald, Professor , DTU, Department of Mechanical Engineering

John Sørensen, Professor, Aalborg University

Jonas Andersen, Research Assistant , DTU, Department of Chemistry

Julie Carøe Kristoffersen, PhD, Aarhus University

Julie Lynggaard, PhD , DTU, Department of Mechanical Engineering

Jørgen Frederik Gross-Petersen, Senior Consultant, Danish Hydrocarbon 

Research and Technology Centre, building 375 at DTU

Jørgen Skibsted, Associate Professor, manager, Aarhus University

Kaj Thomsen, Associate Professor, DTU, Department of Chemical and 

Biochemical Engineering

Karen Louise Feilberg, Senior Researcher, Danish Hydrocarbon Research 

and Technology Centre, building 375 at DTU

Karin Petersen, Laboratory Manager, Danish Hydrocarbon Research and 

Technology Centre, building 375 at DTU

Karoline Klock Cleemann, Platform & Architecture Consultant, CPC

Kasper Høj Blinkenberg, PhD, University of Copenhagen

Kasper Lund Jepsen, PhD , Aalborg University

Kasper Torbensen, Student worker, Danish Hydrocarbon Research and 

Technology Centre, building 375 at DTU

Kasper Urup Kjeldsen, Associate Professor, Project lead and manager, 

Aarhus University

Katrine Juul Andersen, Assistant Professor, Aarhus University

Kenneth Andersen, Research Assistant, Danish Hydrocarbon Research 

and Technology Centre, building 375 at DTU

Kenni Petersen, Postdoc, Aarhus University

Kim Bo Kristiansen, Research Assistant, DTU, Department of Mechanical 

Engineering

Kitt Anita Ravnkilde, Principal Programme Manager, Danish Hydrocarbon 

Research and Technology Centre, building 375 at DTU

Klaus Mosegaard, Professor, University of Copenhagen

Knud Cordua, Postdoc, University of Copenhagen

Kristine Wille Hilstrøm, Research Assistant, Danish Hydrocarbon Research 

and Technology Centre, building 375 at DTU

Lars Nielsen, Professor, Deputy head of department of Research,  

University of Copenhagen

Lars Simonsen, Programme Director, Danish Hydrocarbon Research and 

Technology Centre, building 375 at DTU

Lars Stemmerik, Professor, University of Copenhagen

Lau Malte Broch, Platform & Architecture Consultant, CPC

Leif Hansen, Phd, Aalborg University

Lene Hjelm Poulsen, Head of Technology Maturation, Danish Hydrocarbon 

Research and Technology Centre, building 375 at DTU

Leonardo Meireles, PhD, DTU, Department of Civil Engineering

Liang Mu, Postdoc, DTU, Department of Chemical and Biochemical Engi-

neering

Lykourgos Sigalas, Project Engineer, The Geological Survey of Denmark 

and Greenland, GEUS

Magdalena Agnieszka Rogowska, Project manager, Danish Hydrocarbon 

Research and Technology Centre, building 375 at DTU

Maiya Medetbekova, PhD, Danish Hydrocarbon Research and Technology 

Centre, building 375 at DTU

Marcel Somers, Professor, Head of Section for Materials and Surface Engi-

neering, DTU, Department of Mechanical Engineering

Marco Maschietti, Associate Professor, Local Focal Point,  

Aalborg University

Marius Nedergaard Tarpø, Research Assistant, Danish Hydrocarbon  

Research and Technology Centre, building 375 at DTU

Mattia Tagliavento, PhD, University of Copenhagen

Max la Cour Christensen, Postdoc, Danish Hydrocarbon Research and 

Technology Centre, building 375 at DTU

Michael Faber, Professor, DTU, Department of Management Engineering

Michael Vigsø, PhD, Aarhus University

Michael Welch, Senior Researcher, Danish Hydrocarbon Research and  

Technology Centre, building 375 at DTU

Mikael Lüthje, Senior Researcher, Danish Hydrocarbon Research and  

Technology Centre, building 375 at DTU

Mikkel Tranemose Christensen, Data Manager, Danish Hydrocarbon  

Research and Technology Centre, building 375 at DTU

Mirhossein Taheriotaghsara, PhD, Danish Hydrocarbon Research and 

Technology Centre, building 375 at DTU

Morten Haastrup, Postdoc, researcher, Aarhus University

Morten Lind, Professor emeritus, Department of Electrical Engineering

Nicolas Rudolph Thibault, Associate Professor, University of Copenhagen

Nicolas von Solms, Local Focal Point, DTU, Department of Chemical and 

Biochemical Engineering

Niels H. Mortensen, Section Head, Professor, DTU, Department of Mechan-

ical Engineering

Nils Elmegaard-Fessel, PhD, Danish Hydrocarbon Research and Technolo-

gy Centre, building 375 at DTU
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Ole Balling, Professor (Docent), Aarhus University

Ole Rønø Clausen, Associate Professor, Aarhus University

Paloma Alvarez Gallego, Reservoir Engineer, Danish Hydrocarbon Re-

search and Technology Centre, building 375 at DTU

Peer Jørgensen, Electro technician, University of Copenhagen

Peter Britze, Head of Department, State Geologist, The Geological Survey 

of Denmark and Greenland, GEUS

Peter Christensen, Technician Lab Manager, University of Copenhagen

Peter Frykman, Local Focal Point, The Geological Survey of Denmark and 

Greenland, GEUS

Philip Fosbøl, Associate Professor, DTU, Department of Chemical and 

Biochemical Engineering

Poul Martin Ravn, Postdoc, DTU, Department of Mechanical Engineering

Rajan Ambat, Researcher, manager, DTU, Department of Mechanical 

Engineering

Rasmus Larsen, Provost, former Head of Applied Mathematics and  

Computer Science, DTU, Department of Applied Mathematics and  

Computer Science

Rene Wugt Larsen, Assiciate Professor, DTU, Department of Chemistry

Rune Brincker, Professor , DTU, Department of Civil Engineering

Rune Shim Jacobsen, Postdoc, University of Copenhagen

Saeed Salimzadeh, Postdoc, Danish Hydrocarbon Research and Technolo-

gy Centre, building 375 at DTU

Saleh Zouelm, Research Assistant , DTU, Department of Mechanical 

Engineering

Sandro Diord Rescinho Amador, Postdoc, Danish Hydrocarbon Research 

and Technology Centre, building 375 at DTU

Sebastian Glavind, PhD, DTU, Department of Management Engineering

Sebastian Thöns, Associate Professor, DTU, Department of  

Civil Engineering

Seyyed Mojtaba Seyyedi Nasooh Abad, Postdoc, Danish Hydrocarbon 

Research and Technology Centre, building 375 at DTU

Siân Angharad Jones, Postdoc, Danish Hydrocarbon Research and Tech-

nology Centre, building 375 at DTU

Sidsel  Marie Nielsen, Senior Researcher, Danish Hydrocarbon Research 

and Technology Centre, building 375 at DTU

Sofie Nitsche Gottfredsen, PhD, Danish Hydrocarbon Research and Tech-

nology Centre, building 375 at DTU

Solomon Seyum, Postdoc, Danish Hydrocarbon Research and Technology 

Centre, building 375 at DTU

Søren Dollerup, PhD, Aarhus University

Tala Maria Aabø, Research Assistant, Danish Hydrocarbon Research and 

Technology Centre, building 375 at DTU

Theis Ivan Sølling, Professor, University of Copenhagen

Thomas Ingemann Jensen, Platform & Architecture Consultant, CPC

Thomas Kabel Pedersen, Research Assistant, Aarhus University

Thomas Martini Jørgensen, Senior Scientist, DTU, Department of Applied 

Mathematics and Computer Science

Thomas Mejer Hansen, Associate Professor, University of Copenhagen

Ulf Harlou, CEO, CPC

Vivi Malmkvist Andersen, Administrator , University of Copenhagen

Wei Yan, Senior Researcher, DTU, Department of Chemistry

Xiaoyan Liu, Postdoc, DTU, Department of Chemistry

Zhenyu Yang, Associate Professor, project leader, Aalborg University

This list does not include Sprint employees.
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Project title  Institution  Contact 
AWF.1 - Development of Ekofisk

Recovery processes on Core Scale

Equipment for Water-Flooding Experiments at GEUS Core Laboratory The Geological Survey of Denmark and Greenland, GEUS Peter Britze/Dan Olsen 

Investigating the Potential for Miniaturized Core Flooding Experiments Centre for Oil and Gas - DTU Siân Angharad Jones

Waterbased EOR - Flood The Geological Survey of Denmark and Greenland, GEUS Dan Olsen 

Reservior Simulation

Waterbased EOR- Simulation DTU Department of Applied Mathematics and Computer Science Rasmus Larsen

Waterbased EOR- Simulation Centre for Oil and Gas - DTU Hamidreza Maghami Nick

Reservior Fluid Characterisation

Oil Chemistry at the Kraka oil field University of Copenhagen Jan H Christensen 

Waterbased EOR - Reservoir Fluid Characterization DTU Department of Chemical and Biochemical Engineering Philip Fosbøl/Kaj Thomsen 

Waterbased EOR - Reservoir Fluid Characterization Centre for Oil and Gas - DTU Karen Louise Feilberg

Waterbased EOR - Flood DTU Department of Chemistry Esben Thormann/ 
Kaj Thomsen 

Waterbased EOR - Flood Centre for Oil and Gas - DTU Sidsel  Marie Nielsen

Outcrop analogue studies of Chalk - Integrated goelogy, geophysics and geostatics

Outcrop analog studies of chalk  University of Copenhagen Lars Stemmerik/Lars Nielsen/ 
Klaus  Mosegaard 

Rock mechanics and Fluid saturation study 

Rock mechanics and fluid saturation study DTU Department of Civil Engineering Ida Lykke Fabricius 

Improved Geomodel with deterministic fracture representation

Improved geo-model with deterministic fracture representation Aarhus University Ole Rønø Clausen 

Improved geo-model Centre for Oil and Gas - DTU Michael Welch

Saturation model review The Geological Survey of Denmark and Greenland, GEUS Peter Frykman 

Natural fracture detection and modelling Centre for Oil and Gas - DTU Michael Welch

Seismic Geomorphology and Reservoir Characteristics of Chalk Fields

Seismic Geomorphology and Reservoir Characteristics of Chalk Fields Centre for Oil and Gas - DTU Florian Walther Harald Smit

Waterbased EOR-Reservoir Fluid Char /Seismic geomorphology and reservoir characteristics of chalk fields University of Copenhagen Nicolas Rudolph Thibault 

Fasttrack - Optimized Image Analysis of CT Scanning of Core Floods Centre for Oil and Gas - DTU Mikael Lüthje

Chemical flooding: Dimethyl ether

Chemical flooding: Dimethyl ether DTU Department of Chemical and Biochemical Engineering Nicolas Van Solms

Chemical flooding: Dimethyl ether DTU Department of Chemistry Wei Yan 

Chemical flooding: Dimethyl ether Centre for Oil and Gas - DTU Sidsel  Marie Nielsen

Oil composition & surface studies with IR facilities for EOR 

Oil composition & surface studies with IR facilities for EOR DTU Department of Chemistry Renee Wugt Larsen 

Wettability and pore structure understanding for increased injectivity 

Wettability and pore structure understanding for increased injectivity University of Copenhagen Theis Ivan Sølling 

AWF.2 - Improved Sweep in Deep 

Modelling Injector Related Hydraulic Fracturing

Modelling Injector Related Hydraulic Fracturing DTU Department of Mechanical Engineering Christian Frithiof Niordson 

Radial Jet Drilling

EU SURE Project - Radial Jet Drilling Centre for Oil and Gas - DTU Hamidreza Maghami Nick

Composite coiled tubing

Composite coiled tubing - Feasibility study DTU Department of Mechanical Engineering Andrei Costache/Christian Berggreen

DHRTC Projects 2016
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Project title  Institution  Contact 
AWF.1 - Development of Ekofisk

Recovery processes on Core Scale

Equipment for Water-Flooding Experiments at GEUS Core Laboratory The Geological Survey of Denmark and Greenland, GEUS Peter Britze/Dan Olsen 

Investigating the Potential for Miniaturized Core Flooding Experiments Centre for Oil and Gas - DTU Siân Angharad Jones

Waterbased EOR - Flood The Geological Survey of Denmark and Greenland, GEUS Dan Olsen 

Reservior Simulation

Waterbased EOR- Simulation DTU Department of Applied Mathematics and Computer Science Rasmus Larsen

Waterbased EOR- Simulation Centre for Oil and Gas - DTU Hamidreza Maghami Nick

Reservior Fluid Characterisation

Oil Chemistry at the Kraka oil field University of Copenhagen Jan H Christensen 

Waterbased EOR - Reservoir Fluid Characterization DTU Department of Chemical and Biochemical Engineering Philip Fosbøl/Kaj Thomsen 

Waterbased EOR - Reservoir Fluid Characterization Centre for Oil and Gas - DTU Karen Louise Feilberg

Waterbased EOR - Flood DTU Department of Chemistry Esben Thormann/ 
Kaj Thomsen 

Waterbased EOR - Flood Centre for Oil and Gas - DTU Sidsel  Marie Nielsen

Outcrop analogue studies of Chalk - Integrated goelogy, geophysics and geostatics

Outcrop analog studies of chalk  University of Copenhagen Lars Stemmerik/Lars Nielsen/ 
Klaus  Mosegaard 

Rock mechanics and Fluid saturation study 

Rock mechanics and fluid saturation study DTU Department of Civil Engineering Ida Lykke Fabricius 

Improved Geomodel with deterministic fracture representation

Improved geo-model with deterministic fracture representation Aarhus University Ole Rønø Clausen 

Improved geo-model Centre for Oil and Gas - DTU Michael Welch

Saturation model review The Geological Survey of Denmark and Greenland, GEUS Peter Frykman 

Natural fracture detection and modelling Centre for Oil and Gas - DTU Michael Welch

Seismic Geomorphology and Reservoir Characteristics of Chalk Fields

Seismic Geomorphology and Reservoir Characteristics of Chalk Fields Centre for Oil and Gas - DTU Florian Walther Harald Smit

Waterbased EOR-Reservoir Fluid Char /Seismic geomorphology and reservoir characteristics of chalk fields University of Copenhagen Nicolas Rudolph Thibault 

Fasttrack - Optimized Image Analysis of CT Scanning of Core Floods Centre for Oil and Gas - DTU Mikael Lüthje

Chemical flooding: Dimethyl ether

Chemical flooding: Dimethyl ether DTU Department of Chemical and Biochemical Engineering Nicolas Van Solms

Chemical flooding: Dimethyl ether DTU Department of Chemistry Wei Yan 

Chemical flooding: Dimethyl ether Centre for Oil and Gas - DTU Sidsel  Marie Nielsen

Oil composition & surface studies with IR facilities for EOR 

Oil composition & surface studies with IR facilities for EOR DTU Department of Chemistry Renee Wugt Larsen 

Wettability and pore structure understanding for increased injectivity 

Wettability and pore structure understanding for increased injectivity University of Copenhagen Theis Ivan Sølling 

AWF.2 - Improved Sweep in Deep 

Modelling Injector Related Hydraulic Fracturing

Modelling Injector Related Hydraulic Fracturing DTU Department of Mechanical Engineering Christian Frithiof Niordson 

Radial Jet Drilling

EU SURE Project - Radial Jet Drilling Centre for Oil and Gas - DTU Hamidreza Maghami Nick

Composite coiled tubing

Composite coiled tubing - Feasibility study DTU Department of Mechanical Engineering Andrei Costache/Christian Berggreen
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Project title  Institution  Contact 
CTR.1 - Increase Water Injection Availability 

Multilevel modelling (MFM) of design, decision and plant processes

Water management DTU Department of Applied Mathematics and Computer Science Bjarne Kjær Ersbøll 

Combining functional modeling and reasoning with on-line event analytics DTU Department of Electrical Engineering Morten Lind 

Big Data methods for identifying cause and effects for down time 

Big data management for identifying cause and effect of downtime/ Water management Aalborg University Zhenyu Yang 

CTR.2 - Transformation of Asset Cost

Lean well head Platforms

Lean well head Platforms DTU Department of Mechanical Engineering Niels H Mortensen

Lean well head platforms CPC Ulf Harlou

Self-healing cement 

Self-healing cement Aarhus University Kasper U. Kjeldsen 

Cost reduction by 4D maintenance planning

Identification of cost savings potential for maintenance across Gorm/Dan, Tyra & Halfdan  DTU Department of Mechanical Engineering Niels H Mortensen 

Scale & Corrosion

High performance stainless steel by interstitial alloying DTU Department of Mechanical Engineering John Hald/Marcel  Somers 

Supermartensitic Stainless Steels (SMSS) for Oil and Gas Applications Centre for Oil and Gas - DTU Marcel Somers

Improved Cement Remediation and Evaluation

Improved Cement Remediation and Evaluation Centre for Oil and Gas - DTU Ieva Paegle

CTR.3 - Extend Life of Potential Hub Structures

Structural Intergrity & Monitoring

Structural integrity and Monitoring  DTU Department of Management Engineering Rune Brincker  

Feasibility study on the use discrete element modelling on offshore installations Aarhus University Ole Balling 

Extreme Waves

Extreme waves – Direct and indirect load estimation Aarhus University Christos T. Georgakis 

Risk Modelling

Value of information and Risk based inspection Planning DTU Department of Civil Engineering Sebastian Thöns 

Risk informed decision support projects DTU Department of Management Engineering Michael Faber  

Additionally, a great number of smaller sprint projects have been funded throughout 2016.
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Project title  Institution  Contact 
CTR.1 - Increase Water Injection Availability 

Multilevel modelling (MFM) of design, decision and plant processes

Water management DTU Department of Applied Mathematics and Computer Science Bjarne Kjær Ersbøll 

Combining functional modeling and reasoning with on-line event analytics DTU Department of Electrical Engineering Morten Lind 

Big Data methods for identifying cause and effects for down time 

Big data management for identifying cause and effect of downtime/ Water management Aalborg University Zhenyu Yang 

CTR.2 - Transformation of Asset Cost

Lean well head Platforms

Lean well head Platforms DTU Department of Mechanical Engineering Niels H Mortensen

Lean well head platforms CPC Ulf Harlou

Self-healing cement 

Self-healing cement Aarhus University Kasper U. Kjeldsen 

Cost reduction by 4D maintenance planning

Identification of cost savings potential for maintenance across Gorm/Dan, Tyra & Halfdan  DTU Department of Mechanical Engineering Niels H Mortensen 

Scale & Corrosion

High performance stainless steel by interstitial alloying DTU Department of Mechanical Engineering John Hald/Marcel  Somers 

Supermartensitic Stainless Steels (SMSS) for Oil and Gas Applications Centre for Oil and Gas - DTU Marcel Somers

Improved Cement Remediation and Evaluation

Improved Cement Remediation and Evaluation Centre for Oil and Gas - DTU Ieva Paegle

CTR.3 - Extend Life of Potential Hub Structures

Structural Intergrity & Monitoring

Structural integrity and Monitoring  DTU Department of Management Engineering Rune Brincker  

Feasibility study on the use discrete element modelling on offshore installations Aarhus University Ole Balling 

Extreme Waves

Extreme waves – Direct and indirect load estimation Aarhus University Christos T. Georgakis 

Risk Modelling

Value of information and Risk based inspection Planning DTU Department of Civil Engineering Sebastian Thöns 

Risk informed decision support projects DTU Department of Management Engineering Michael Faber  
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