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An effective way to use scale as a barrier material for oil-well
abandonment
Author: Liang Li

Postdoc at Aarhus University

The research project aims to study the possibility of using scale as (part of the) barrier materials for oil-well
abandonment. It is hypothesized that high calcium solutions can react with carbon dioxide presented in oil
wells forming composite that can bind scale pieces together and/or strengthen large (porous) scale matrix.
To simulate the realistic carbonation reactions in abandoned oil wells, our current studies at a laboratory
scale are carried out based mainly on a Carbonation Test Chamber (Fig. 1) and a Gas Permeability Tester (Fig.
2). Strength and permeability of the new composites formed at different carbonation conditions are
investigated and highlighted in this project. The new composites containing scale provide a cost-effective
way for scale management and are expected to achieve similar sealing effect as conventional cement-based
materials for oil-well abandonment.

Fig. 1 Carbonation Test Chamber

Fig. 2 Gas Permeability Tester
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A plugging system from autonomous setting of polymer microspheres
Anne Ladegaard Skov
When a well reaches the end of its life, it must permanently be plugged and abandoned. The main challenges
which have been reported associated with the plugging of wells can be categorized as unconsolidated
formations, high temperatures, formation permeability, changes in formation strength as a result of
depletion and tectonic stresses exerted by formation (e.g. shear stress and subsidence). The objective of this
project is to develop a novel environmentally friendly polymer-based plug that has low gas and water
permeability, long-term durability, and the capability of in-situ formation and autonomously setting when
there is flow and a rough surface. As it is depicted in the figure, the mechanism of setting of the plug is based
on the reaction of surface-functionalized polymer-based microspheres which condense them into a solid via
the covalent bonds. The microspheres are based on a polymer that has high strength and very low gas and
water permeability. Moreover, the deformation of elastic microspheres in response to the pressure
difference over the plug will lead to an elimination of most of the porosities within the network of
microspheres such that an almost impermeable plug will form. The low permeability will hinder the wear of
polymer and thereby increase the lifetime of plug. Therefore, the developed novel system can be regarded
as a suitable permanent plugging material that could withstand the well conditions for a long period.

Figure: The description of setting of the plug through the autonomous reaction of microspheres
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Are diatomites threatening the stability of closed wells?

The possibility of the Lark Formation transmitting hydrocarbons into penetrating wells
Ermis Proestakis, Leonardo T. P. Meireles, Ida L. Fabricius
The Lark Formation in the Cenozoic section above the chalk in the North Sea is subdivided into the Upper and
Lower Lark. The Upper Lark Formation is home to low permeable diatomitic zones composed mainly of clay
and diatom shell remnants composed of opal-A (Figure 1). Because of increasing temperature during burial,
opal-A undergoes diagenetic alteration to opal-CT at a greater depth in the Lower Lark Formation [1]. The
mineralogical transformation of opal has been observed to evoke fracturing [2], which would substantially
increase the permeability of the sedimentary rock. To understand the flow potential of the diatomitic zones,
we will interpret permeability from well logs and the petrophysical characterization of cuttings and core
samples.
Fossil of
Opal-A

A

B
Lepispheres
of opal-CT

Figure 1: SEM images of diatomites showing the diagenetic alteration from fossils into lepispheres, a dissolution-precipitation
reaction that may evoke fracturing, allowing flow of hydrocarbons. A) A preserved fossil of opal-A prior to diagenetic alteration,
and B) Opal-CT lepispheres after diagenetic alteration. Samples are from Fur Formation, an analog to Lark Formation (MSc thesis,
DTU, Maria Al Taie, 2008).
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Can CO2 be stored in depleted oil chalk fields?

Name of authors: M. Bonto, Welch, M.J, Lüthje, M., Andersen, S.I., Veshareh, M.J., Amour, F., Afrough, A.,
Mokhtari, R., Hajiabadi, M.R., Alizadeh, M.R., Larsen, C.N., Nick, H.M.
Many countries have committed to reduce their CO2 emissions by ratifying the Paris Agreement. Carbon
Capture and Storage (CCS) has been identified as a technology that is particularly suitable for decreasing the
CO2 levels during the energy transition from fossil fuels to renewables. Although the number of dedicated
CCS projects is slowly increasing, the majority are still carried out in combination with Enhanced Oil Recovery
(EOR). CCS has also been embraced in Denmark, where several climate and energy institutions emphasize
that capturing and storing the CO2 is essential for the mid-term achievement of the emission reduction
targets and for becoming carbon neutral in the long term. The recent North Sea agreement, which sets 2050
as the end for the Danish oil and gas production and urges the CO2 storage in the depleted hydrocarbon
fields, represents an important step towards the deployment of CCS technology. However, because of the
reactivity of calcite, main constituent of the Danish chalk fields, in the presence of CO2-saturated water, CO2
storage has mainly been considered for sandstone formations. Nonetheless, the global deployment of CO2
storage can benefit from diversifying the lithology options. Thus, by reviewing the literature on CO2 storage
in chalk, mostly in connection with EOR, and by extrapolating from the knowledge on other type of
carbonates (e.g., limestone), we discuss the main challenges and enablers for CO2 storage in chalk fields in
terms of the storage mechanisms, site safety, injectivity, and monitoring. Many of our observations for chalk
may be relevant for other tight carbonate-rich formations.

Figure 1. World map showing the overall distribution of Upper Cretaceous chalk deposits.
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Cementitious materials for oil-well abandonment and numerical
simulations of cement durability at oil well conditions

Sheng-Yu Yang,a Khadijeh Zare,b Alexander Michel,b Wolfgang Kuntherb and Jørgen Skibsteda
Department of Chemistry and Interdisciplinary Nanoscience Center (iNANO), Aarhus University, DK-8000C
Aarhus Denmark. b BYG-DTU, Technical University of Denmark, DK-2800 Kgs. Lyngby, Denmark
a

Plug and abandonment (P&A) of off-shore oil wells in the North Sea represents an important topic for the oil
industry, since a large number of oil and gas wells (~2000) in the Danish Sector of the North Sea will be
permanently abandoned in the next few decades. An essential part of P&A operations is the placement of
three or more cement plugs in the well-bore (Figure 1) to isolate the reservoir and other fluid-bearing
formations and seal the seabed from leakage of oil and gasses. After P&A, the out-sourced construction
should not require further service or maintenance, implying that the service life of the cement plugs ideally
should approach infinity. However, it is well-known that cement paste deteriorate with time, depending on
the exposure conditions, and this may typically reduce the service life time to approx. 100 – 150 years.
The present project focusses on cements used for P&A and the key parameters that determine their
permeability and durability when used as barrier material in environmental conditions of a typical off-shore
well. The project is divided in to three work packages, which will focus on (i) characterization of permeability
and binding of cement paste at elevated temperatures and pressures and understanding of these properties
in terms of microstructure, (ii) reactive transport modelling of the cement pastes to predict durability (incl.
permeability) for long (abandonment) time scales, and (iii) determination of the structure, composition and
stability of the principal binding phases in cement pastes for P&A including their interaction with brine
solutions, CO2 and hydrocarbonic gasses.
The project has just been initiated (August 2021 – November 2024) and involves one PhD student (DTU) and
one Post Doc (AU).

Figure 1. Schematic illustration of cement plugs used to seal out-sourced oil wells (adapted from DHRTC).
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Developing polymer gels for sealing abandoned oil wells
Sumant Dwivedi, Nicolas Bovet, Henning Osholm Sørensen

Numbers of ageing offshore oil and gas fields in North Sea are only increasing as more and more
brownfields are reaching towards an end of their economically productive life. One of the upcoming
challenges is to maximize production from what remains and to safely, economically and optimally
abandon the wells, which can no more produce. Polymeric materials have gained momentum for
plugging oil and gas fields in last two decades due to the advantage of tuning their physical and
chemical properties for greater permeability in the pores and appreciable thermal and chemical
resistance. In the current research, a range of polymer gels have been synthesized and their
responsiveness towards salinity, pH and temperatures have been evaluated. It was found that
synthesized polymer gels swelling characteristics can be controlled as a function of temperature and
time.
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Functional metal-organic frameworks as sensors for methane detection
Continuous monitoring of potential leaks from abandoned wells
Jaskaran Singh Malhotra, Simon Ivar Andersen, Jonas Sundberg
The Danish government has agreed to phase out oil and gas production by 2050. Upon abandonment and
sealing of the wells, continuous monitoring is required to detect any potential leaks.
A leak would saturate the seawater near the well up to the solubility limit of methane at those conditions.
The conventional method to quantify methane concentration is to take a seawater sample from close to the
well and perform headspace analysis using gas chromatography - mass spectrometry (GC-MS) in a lab. The
time and labour involved is prohibitive for continuous leak detection. There is a need for a quick response
method that can be deployed on-site.

Metal-organic frameworks (MOFs) are materials consisting of a metal center and organic linkers that link
upin a specific way to create porous channels with specific morphologies and pore sizes. The choice of the
metaland the organic linker(s) determines the adsorption selectivity of a MOF towards certain molecules
as well as its hydrophobicity. When used as the electrode material in an electrochemical cell, a MOF exhibits
a certain electrochemical impedance. Upon adsorption, the impedance is expected to change as a
consequence of reduced surface for interaction with the electrolyte. This change can be measured using a
potentiostat – a small device suited to measure electrochemical characteristics using small voltages (mVs)
and measuring thecorresponding current.
Our project aims to develop an electrochemical sensor with a hydrophobic methane-trapping MOF as the
electrode material. Since the choice of MOF determines what entity is trapped in its pores, these sensors
could also be used for detecting pollutants in water sources (water quality management) or CO2 at carbon
storage sites.
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PERMANENT AND TEMPORARY CO2 STORAGE IN A DANISH SALINE
AQUIFER
Nikolai Andrianov, Carsten Møller Nielsen (GEUS)
Achieving the ambitious targets for the greenhouse gas emissions in Denmark calls for accelerated
deployment of geological storage sites while ensuring safe operation and societal acceptance. However, the
maturation and qualification of a storage site is a lengthy process which requires large investments in data
acquisition needed to decrease the risks. While commissioning of new storage sites will be needed to meet
the global CO2 emissions reductions targets, in this work we asses whether an existing gas storage site can
be used for either permanent or temporary CO2 storage.
Specifically, we focus on numerical modeling of the CO2 injection and migration in a saline aquifer which is
characteristic for the Stenlille natural gas storage site. Some of the key questions which need to be answered
by modelling are i) whether the injected CO2 will mix with the remaining natural gas and ii) whether the CO2
plume will migrate beyond the area covered by a high-fidelity seismic survey.
The preliminary numerical results demonstrate that both of these questions can be answered negatively,
which increases confidence in the feasibility of a pilot injection test.
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Renewable energy driven integration of hydrogen in the Danish O&G
sector
A project focused on decarbonising the O&G sector through
renewable energy and hydrogen
Floating Power Plant, Energy Cluster Denmark, Total Denmark, DTU DHRTC, DTU
Wind Energy, TechnipFMC, Dansk Gasteknisk Center, Hydrogen Valley

The project focused on three concepts for integrating renewable energy into
Danish oil and gas production:
1. Supplying offshore oil and gas facilities with renewable energy, reducing CO2 emissions by 60-70%.
2. Improving power baseload characteristics and increasing energy coverage / CO2 reduction by integrating
hydrogen as energy storage. Making the energy supply for offshore oil and gas facilities fossil-free in the
long term.
3. Adding up to 15% hydrogen from renewable energy to the natural gas produced, thereby reducing the
carbon footprint of Danish North Sea production.

The poster shown at the DHRTC Technology Conference will feature key findings in terms of both business
cases, energy storage and -coverage, emission reduction and potential of hydrogen concentration on the
natural gas.
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Scale as Part of Well Barrier and Scale Generation

Tanzila Sharker1, Lucia Margheritini2, Francesco Ferri2, Rudi P. Nielsen1, Kenneth R. Simonsen1 & Morten E.
Simonsen1,*
1

Department of Chemistry & Bioscience, Aalborg University, Niels Bohrs Vej 8, 6700 Esbjerg, Denmark

2

Department of the Built Environment, Aalborg University, Thomas Manns Vej 23, 9220 Aalborg Ø, Denmark

* Corresponding author: mes@bio.aau.dk

For abandonment of wells there is a need for sealing the upper part of the well, which is typically done by
cementing. This work investigates the possibility of using induced scaling techniques for sealing wells as an
alternative to current methods. Two main aspects are investigated, the ability of induced scale to function as
a plug and the ability of scale to function as a barrier material when combined with normal cementing. Scaling
is induced by applying an electric current to the metal, which has previously been shown to form non-porous
scales in marine environments, known also a seacrete/biorocks.
A laboratory flow-setup is used for scale development at temperature and brine compositions resembling
that of the Dan field, but at ambient pressure. A Direct Current is applied to the pipe (acting as a cathode)
wherein the scale is to be formed and an anode deployed in proximity hereof. The imposed current and the
presence of an anode accelerates the scaling process.
Subsequently the sealing capacity of the scale and scale/cement plugs are tested to determine the
applicability of scale as a sealant. This testing will include both sealing capacity regarding gas leaks as well as
mechanical strength due to the requirement to withstand well pressures.
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SEEP

Establishing a marine environmental baseline for platform abandonment
Lasse T. Prins, Ole R. Clausen, Bodil W. Lauridsen, Paul Knutz
Hydrocarbon leakage from abandoned wells is a societal concern associated with permanent abandonment
of Hydrocarbon (HC)producing platforms. Up to 33% of abandoned wells in the Norwegian sector leaks
methane to the seafloor. It is thus critical to distinguish between natural methane seepage and leakages of
hydrocarbon-rich fluids caused by deinstallation of infrastructure. To verify HC leakages and understand
their sources and pathways a baseline of the seabed environments in vicinity of the platform installations is
fundamental.
The SEEP project aims at building a seabed environmental baseline for platform abandonment based on
geophysical mapping, sediment chronology and geochemical indicators. The project will improve our
understanding of how HC production has influenced the seabed and shallow subsurface and provide input
to workflows for future abandonment and CCS baseline studies.
The study is based on existing geophysical and geological data from within and outside areas of
hydrocarbon production, as well as data that will be acquired during two scientific cruises in 2022.
The baseline will consist of a geological seabed model, that describes the lithology, biology, the HC content
and the HC migration pathways in the shallow subsurface.

Fig..1. A simplyfied model of the shallow subsurface near a platform, showing some of the dynamic elements that control the
natural distribution of HC in the sediment
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Testing CO2 compatibility of a depleted oil field in Danish North Sea
(Part of Greensand project)

Samira Mohammadkhani (GEUS), Dan Olsen (GEUS)
The effect of cyclic injection of supercritical CO2 and synthetic formation water (FW) in Nini depleted oil field
in the Danish North Sea on injectivity is investigated. The injectivity of this sandstone reservoir, which consists
of glauconite clasts up to 25 vol.%, was monitored at each cycle and compared for further evaluation of the
rock resistance to supercritical CO2 and intermittent injection. The ‘cyclic CO2 injection configuration’ were
chosen to mimic the real operational condition during an off-shore CO2 storage operation. Permeability of
the samples to formation water was measured at reservoir condition of 200 bara and 60 °C prior starting CO2
injection. The permeability to CO2 over cyclic injection is sustained, although the values are much lower than
brine permeability measurements. This suggests that the reservoir can sustain a cyclic injection scheme
which is a premise for the project.
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The importance of oil and gas platform foundations for a key
commercial fish species, the Atlantic cod
Ibanez-Erquiaga B, Baktoft H, Petersen JK, Svendsen JC

There is growing evidence that oil and gas platforms may provide productive habitats for fish communities,
partly because of reef effects associated with the foundations, but also because the areas within and
surrounding the platforms may act as de facto marine protected areas with limited or no ongoing fishing. For
example, the Atlantic cod (Gadus morhua), which constitutes an important target for North Sea fisheries, but
its populations are considered to stand below sustainable thresholds, have been preliminarily associated with
these structures. However, there is still a poor understanding of the mechanisms behind platforms’ effects,
and scarce assessments of the ecological outcomes in relation to fish ecology and fisheries. This makes it
difficult to predict possible fisheries scenarios associated with different decommissioning and abandonment
options.
The project aims to provide an understanding of the role that platforms are playing for fish and fisheries in
the Danish North Sea, using cod as a case study. The experimental approach involves estimating catch
variation along distance-to-platform gradients, and spatiotemporal 3D mapping of cod individuals nearby an
oil platform. This knowledge seeks to inform decision-making processes related to platform decommissioning
in the North Sea by evidencing how these structures are acting as artificial reefs, potentially providing refuge
and substrate to different species.
We expect to evidence the potential importance of oil and gas platforms for Atlantic cod in the Danish North
Sea. Considering that fishing is banned within 500m around the platforms, these structures could be
functioning as fish sanctuaries and fish hubs, supplying juvenile fish to other areas of the North Sea. Provided
the intense trawling in the North Sea, platform decommissioning could contemplate a partial scheme in
which some structures are left to provide refuge for fish communities. Our information will help in the design
of future decommissioning and abandonment plans.

14

Danish Hydrocarbon Research and Technology Centre
Technology Conference 2021
The whistle-blowers in methan-rich sedimentary environments in the
North Sea
Establishment of a marine environmental baseline

Bodil W. Lauridsen, Nicole R. E. Posth, Lasse T. Prins, Ole R. Clausen & Paul Knutz
The overall aim of this project is to develop a marine-environmental baseline that can be applied for
future monitoring and environmental impact studies during the platform abandonment phase and to
identify and quantify the amount of methane seepage on platform-associated and platform-unassociated
seafloor sites in the North Sea through the past 50 years.
Geo-marine data in the form of high-resolution seismic and acoustic acquisition in combination with seabed
sediment analyses embodies the fundamental prerequisite for establishing baseline models.
To establish a marine-environmental baseline that can accommodate a temporal perspective (i.e.
exploration history) requires the use of multidisciplinary geo-scientific methods and data. These include:
1. Seismic data analysis that identifies stratigraphic units and sub-surface features related to faults
and fluid escape,
2. High-resolution multibeam bathymetry to inform about the sedimentary environment and surface
expressions of fault/fluid features,
3. Strategic core sampling based on dedicated geophysical seabed imaging,
4. Geochemical proxy data analysed on discrete core samples.
Whistle-blowers in methan-rich sediments are found both in the chemical and biological regime (dataset #3
and 4). Prior to analyse the sediment dating of the sequences are important:
•
•
•
•
•

•
•
•

Dating of core sediments will be performed using Pb-210, Ce-137 (peak 1963-64), and C-14.
Screening of total carbonate (TC) and total organic carbon, total sulphur/RE pyrolysis to determine
the presence and concentration of hydrocarbons in the seabed sediments.
For selected cores with good age models and promising screening results normal saturated
biomarkers (using GC, GC-MS and GC-MSMS) will be applied to document the presence and type of
thermogenic hydrocarbons.
Complementary analyses based on aromatic compounds, isotopes and maceral microscopy may be
applied if deemed useful for source identification.
Trace elements, including the adsorbed fraction of heavy metals, e.g. Pb, Cd, will be analysed in core
sediments to obtain quantitative information on environmental impact associated with exploration
and production. Samples will be subject to dissolution geochemistry in the ICP-MS Laboratory at
GEUS.
Benthic shell geochemistry (trace elements, stable isotopes) to inform about methane seepage
history in the benthic boundary layer.
Studies of the microbial communities in relation to methan seeps
Studies of bivalves associated with chemosynthetic bacteria
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Use of existing low-Cr well stock for injection of CO2 for storage
Feasibility study to investigate, develop, and test alternative methods of determining CR on specific
materials intended for CO2 storage.
Benjamin Lorenzen – Project/Development manager OTS (2021)
During this study, a novel CO2 flow loop and Reactor setup were utilized to accurately simulate reservoir
conditions (especially pressure and temperature) in a Carbon storage scenario. The simulation was used to
determine the corrosion behaviour of low-chromium steel when exposed to these circumstances. With
temperatures reaching 100 deg. C. and pressure 300 bars, the CO2 was in a supercritical phase. This mixed
with actual reservoir fluid made up an acidized environment with pH-values recorded at 4,37. The
estimated yearly corrosion rate was found to be on average ~4,5 mm/yr.
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