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Introduction
The islands of the Svalbard archipelago offer some of
the most exciting opportunities for geological studies on
earth, with the Longyearbyen CO2 Lab as a flagship. This
is partly because all geological periods are represented
within a limited geographical area, partly because
glaciers have cut through the mountains and exposed
the structures, and partly because the sparse vegetation
offers immediate access to the rocks.
Svalbard has also become a well-known location for
studying processes related to climate change. Effects
of climate change appear first and most distinctly in
the Arctic, due to the feedback mechanisms of the
receding sea ice cover. Svalbard has therefore become
an international research base with field stations and
expeditions from 20 countries operating on a regular
basis. Numerous high-profile visitors arrive every year to
learn about the developments and help shape legislation.

power plant. This is often regarded as a disgrace by
climate researchers and environmental groups, because
of coal being the main source of CO2-emissions
throughout the world. For us, however, it was the power
plant that sparked the Longyearbyen initiative.

Establishing Longyearbyen CO2 Lab
In September 2006, Sand and Braathen published an
article in the local community paper Svalbardposten,
about turning the town’s main polluter into a show case
for carbon capture and storage (CCS). The captured
CO2, they proposed, could be stored in the subsurface
aquifers. The Norwegian Minister of Justice at the time,
Knut Storberget, who was also responsible for the energy
supply, embraced the idea and came up with the funding
for a pre project in just five days. Longyearbyen CO2 Lab
was then underway.

The University Centre in Svalbard (UNIS) has over the
past 20 years developed to become the centre of these
activities, with its international staff of a hundred full-time
employees, 150 part-time employees, and more than 500
students from 30 countries attending courses annually.

According to its environmental laws, Svalbard endeavors
to be one of the best preserved wilderness areas in
the world. Human activity shall seek green solutions
whenever possible. In our view, the Longyearbyen
CCS project would strengthen this profile, as the clean
environment could be supplemented by advanced
technologies to provide a clean supply of electricity.

UNIS is located in Longyearbyen, the main town in
Svalbard, and the northernmost settlement in the world.
Its more than 2000 inhabitants are mainly occupied
with coal mining and tourism, in addition to research
and education. Coal is the main source of energy and
Longyearbyen has Norway’s one and only coal-fuelled

Longyearbyen offers great advantages as a test site for
CCS:
• It is a pilot-size community with a closed energy
system, not linked to the energy system of mainland
Norway. The community is a natural laboratory.
• The main source of energy is coal. The 10 MW power
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plant also delivers heating to the town buildings.
• Svalbard has geological structures that can be utilised
for subsurface deposition of CO2. The storage site is
accessible by road, only 5 km from Longyearbyen.
• The storage site is well suited for research, education
and monitoring activities as the site is on land, near
community infrastructure and accessible all year
round.
• Studies of subsurface structures near Longyearbyen
will benefit storage projects elsewhere. Knowledge
and competence acquired may be utilised in industrial
projects internationally.
The global need for CO2 injection test sites was another
motivation for the Longyearbyen CO2 Lab project. There
is an increasing interest around understanding effective
CO2 storability, impact of variable reservoir qualities,
and risks of subsurface leakage out of the storage
containment. In order to mature CCS into a feasible
green avenue, research communities and industries
need field data to simulate liquid flow, develop reservoir
models, and prepare for risk management procedures.
Longyearbyen CO2 Lab attracted some strong research
and financial partners along the way. Our initial partners
were the local coal-mining company Store Norske, the
American oil company ConocoPhillips, the state funding
instrument Gassnova, and some of the best researchers
from Norwegian universities and research institutes. Later,
we were also joined by the companies Statoil, Statkraft,
Lundin Norway, BakerHughes and Leonhard Nilssen, and
backed by funds from the Research Council of Norway.

Exploring the subsurface
As a university-driven R&D project, the Longyearbyen
CO2 Lab has been rather unique in its strategy and
workflow. Activities have been motivated by knowledge
needs, addressed in two-year steps. For each step new
knowledge has generated new questions, and thereby
innovative and focused research. The basic motivation:
“you learn as long as you drill and test”, has been realised
in a vibrant knowledge pyramid.
The first step of the Longyearbyen CO2 Lab project was
to identify sandstone layers in the subsurface in which
CO2 could be stored (so-called storage unit). Three
wells were drilled in 2007 and 2008, which cored the cap
rock and upper part of the storage unit (Figs. 1 and 2).
Seismic assessments were added to map out subsurface
geometries. A fourth well was drilled in the fall of 2009 to
verify the storage capabilities and injectivity level of the
storage-unit sandstones. With proven injectivity, some
storage capability was confirmed in November 2009.
To further explore the storability and to assess the risk of
CO2 escaping the storage unit, various injection and fracture
monitoring tests were performed in 2010. In 2011, two new

Figure 1. Upper - drilling of drill hole 4 in Adventdalen in September
2010. The SNSK tower hosting the slim-hole drill rig has a characteristic
appearance (Photo: Eva Therese Jensen). Middle – shooting snowstreamer seismics in March 2008, with a snow cloud showing the energy
of a dyna-cord blast (Photo: Karoline Bælum). Lower – Karsten Røed
mounting geophones on the snow-streamer cable (Photo: Alvar Braathen).

wells were drilled to test the pressure communication and
fluid-flow pathways in an upper sandstone aquifer, found
at 180 m depth. High water flux from the well head and
instantaneous response of pressures between the two rather
shallow wells were obtained, proving excellent conductivity
in a rather low porosity/low permeability sandstone unit
dominated by flow on fractures. The good fluid flow in
this sandstone unit suggests that this layer can be used as
a standby monitoring layer the day a CO2 plume is injected
into the deeper storage unit.
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eight wells. As all drill holes were fully cored, the project
collected more than four kilometers of drill core (Fig.
2), covering a succession from the frozen but otherwise
unconsolidated overburden (cored in drill hole 8) to
the Lower Cretaceous succession (seven drill holes),
through Jurassic shales of the cap rock (five wells), and
in to the storage-unit sandstones of Early Jurassic to Late
Triassic age (four wells), with the deepest well reaching a
maximum depth of 970 m. With access to unique datasets,
more than 30 researchers from universities, research
institutes and private companies have contributed to
the efforts. The results have caused substantial attention
within both academic and industrial communities.
For the injection tests, we did not have access to CO2.
The reservoir was, however, highly unconventional, and
we decided in dialogue with our industry partners to use
water as a medium for testing. Water proved to serve our
needs in the initial phases of the project. And, of course, it
was cheap, in line with the Longyearbyen CO2 Lab project
that used local know-how and equipment (e.g., SNSK
slim-hole drill rig) in a low-budget R&D operation.

The role of UNIS
The University Centre in Svalbard (UNIS) was in the
driver’s seat and was responsible for managing the
project right from the beginning. UNIS is an integrated
part of the Norwegian university system, being defined
as the Arctic extension of the mainland universities.
Through UNIS, the project became a joint effort by some
of the best researchers in the field.

Figure 2. Upper – drill-site geologist study drill core retrieved from
drillhole 4 in 2010. Note the slim core, approximately 4 cm in diameter
(Photo: Catherine Braathen). Lower – slim-hole drilling with drill-rod
rotation and sink control and drill-string handling operated by one person,
out of a four-person crew conducting an around-the-clock operation
(Photo: Alvar Braathen).

The 2011 campaign also performed water injection
(leak-off tests) in the cap-rock shale, above the potential
storage unit. These tests confirmed a well-sealing caprock, which has allowed the low pressure encountered in
the storage unit. Further analysis of the data (Bahman et
al., see below) suggest the storage unit-cap rock couplet
can withstand pressures well above 110 bars before the
vertical seal would be jeopardised.
Over a six year period the Longyearbyen CO2 Lab drilled

The motivation of UNIS to take on the challenge was
initially an interest to contribute to the green development
of the local community. But the initiative was also driven
by science. The easy access to the sandstone aquifers/
storage units enabled us to use the projects directly in
our research and education. About 14 MSc and 7 PhD
students have taken part in the programs and have used
data from Longyearbyen CO2 Lab as part of their thesis.
The unique qualities were also recognised from the
outside. In 2010, we were happy to host the CCS
summer school of the International Energy Agency
(IEA), drawing a hundred researchers and students
to Longyearbyen from all over the world. Our own
international project workshops were also well visited,
and the list of prominent guests, politicians and top
management alike, listening to the vision of and looking
into Arctic CCS, is impressively long (Fig. 3).

The scientific results
This publication draws from all the work that has been
done during the life span of Longyearbyen CO2 Lab. Each
contribution explores vital parts of the research tasks,
thereby contributing to the total knowledge base. New
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Figure 3. Upper – geologists visiting the targeted storage formation
(reservoir) ca. 20 km northeast of Longyearbyen, where the rocks found
at 700–900 m depth below Longyearbyen come to the surface (Photo:
Kei Ogata). Middle – politicians and top-level management visiting the
Longyearbyen CO2 well park in Adventdalen, being instructed on the
vision of Longyearbyen’s CCS initiative by Ingrid Anell as they are enjoying
the Artic chill (Photo: Catherine Braathen). Lower – roaring enthusiasm
by Longyearbyen kids as the visit the Longyearbyen CO2 Lab well park in
2013 (Photo: Sebastian Sikora).

knowledge is uncovered that will both further the scientific
knowledge base and enable CCS to become an effective
tool in combatting global warming. Understanding the
possibilities for storing CO2 in subsurface aquifers of
variable quality is a vital contribution along the road of
maturing CCS as a green technology.
In this Thematic Issue, eight articles uncover research
results based in work on datasets of the Longyearbyen
CO2 Lab. In short, the key findings are:

• Anell et al. (2014a): This article places the
Longyearbyen CO2 storage units (reservoirs) and cap
rocks of Triassic to Early Jurassic age in a regional
framework. In the geological evolution of the northern
Barents Shelf, the Edgeøya platform is of importance
as it was structurally higher than surrounding areas
and limited accommodation space. This caused a
rapid advance of the platform edge towards Central
Spitsbergen. The upper Triassic to Middle Jurassic
deposits are accordingly condensed with several hiati
onshore, and are thin and in places eroded offshore.
• Roy et al. (2014): The article offers a baseline study
of seafloor fluid seepage in Central Isfjorden and
Adventfjorden. As the storage unit/reservoir crops out
12–14 km northeast at an inclination of 1–3o from
the proposed Longyearbyen CO2 lab injection site,
even unforeseen fluid migration pathways should be
assessed. As many as 150 pockmarks are identified on
the seabed, documenting ongoing leakage of fluids
(methane?) through the seafloor in the region.
• Ogata et al. (2014a): This work addresses the
unconventional, naturally fractured storage unit
(reservoirs) of the Longyearbyen CO2 Lab, by
analysing the total database on fractures. Distinct
litho-structural units (LSUs) with characteristic
fracture patterns can be identified. In the tight (lowpermeability) storage sandstones, fractures in various
LSUs will potentially steer, baffle or impede horizontal
and vertical fluid migration.
• Senger et al. (2014a): Igneous intrusions in Svalbard
(i.e., the Diabasodden Suite) were emplaced in
sandstones, investigated as a reservoir for potential CO2
sequestration, during the Early Cretaceous (c. 124.5
Ma). One dolerite sill and its associated contact aureole
was drilled and fully cored in the lower part of the
target storage unit. The sill itself and surrounding wall
rocks are characterized by significant fracturing which,
together with the aureole, represents a geochemical and
rheological perturbation in the sedimentary succession
that may affect the CO2 storage aquifer.
• Bohloli et al. (2014): Mechanical laboratory testing
and interpretation of injection tests (leak-off, step rate
and fracture tests) of the Longyearbyen CO2 Lab are
used to evaluate geomechanical conditions for safe
CO2 storage. Results from mechanical testing show
that strength of both shale and sandstone is quite high
and they have a strong anisotropy. Fracture pressure
estimated from injection tests show that the fracture
gradient in the cap-rock shales is similar to the
lithostatic pressure gradient and horizontal fractures
can be expected in this part. Fracture pressure of the
storage unit implies vertical fracturing in this section.
In conclusion, injection pressure of CO2 during
operation should be kept below 110 bars in order to
avoid fracturing of storage reservoir.
• Magnabosco et al. (2014): Permeability measurements
in low-permeability sandstone units within the strata
cored in the seven drillholes of the Longyearbyen CO2
Lab are analysed. The sandstones are tight (< 2mD)
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due to extensive diagenesis. Based on a correction
function between plugs and Miniperm recordings,
a very detailed mapping identifies otherwise
unrecognised permeable zones. In the explored
Late Triassic to Cretaceous succession of Central
Svalbard, the Knorringfjellet Formation sandstones
and conglomerates (upper storage unit) have the best
matrix properties for storage of carbon dioxide.
• Van Stappen et al. (2014): Pore-scale characterisation
and modelling of the Wilhelmøya Subgroup
reservoir (upper storage unit) using X-ray micro-CT
identify potential capability for CO2 storage below
Longyearbyen. Data harvest includes facts on the
pore network and fractures, with fracture apertures
obtained at a micrometer scale. These results were
used to model CO2 flow in sandstones, allowing better
understanding of the larger aquifer.
• Miri et al. (2014): This contribution addresses the
fluid-mixture properties relevant to Longyearbyen
CO2 Lab project. Of relevance is hydrocarbon
impurities like CH4, which would result in a favorable
density difference and faster CO2 plume migration.
However, with CO2 injection at shallow levels, there
is a very high probability of three-phase-state system
(two liquids and one vapour phase) as the plume will
be near the bubble line.

In addition to aforementioned articles, work in the
Longyearbyen CO2 Lab has motivated a series of articles
in international journals. As of today, they are: Aker et al.
(2011), Anell et al. (2013, 2014b, c), Braathen et al. (2012,
2013), Bælum et al. (2012), Farokpoor et al. (2010, 2013),
Mørk (2013), Ogata et al. (2012a, b, c; 2014b), Oye et al.
(2010, 2012), and Senger et al. (2011, 2014b, c, d).

As with all research, new results prompt new questions,
or research aims. Therefore, a follow-up Thematic Issue
of the Norwegian Journal of Geology is anticipated
for 2015. In that volume, articles will report mainly
on the stratigraphic succession cored and mapped in
the Longyearbyen CO2 Lab project. A summary of the
injection tests and derived sandstone properties and
another article discussing the unique low pressure of the
storage unit, is also planned.

We want to thank the contributors to this publication for
their creativity, enthusiasm and fine work. We also want to
thank our research partners, sponsoring companies and
funding agencies. Without their keen support, we could
not have accomplished this work. We also want to extend
an appreciation to the local community of Longyearbyen,
who supported the work of the Longyearbyen CO2 Lab
right from the beginning (Fig. 3). Among them are the
real experts of High-Arctic technical operations. The

Epilogue
Braathen and Sand, co-authors of this introduction,
both arrived at UNIS in June 2006, taking up positions
as professor of Arctic geology and managing director,
respectively. At our very first cup of coffee together
we started discussing the much debated coal-fuelled
power plant and how this community challenge could
be turned into an opportunity to showcase CCS, as well
as providing a unique environment for research and
education. New momentum was gained when our good
colleague professor Snorre Olaussen, an experienced
geologist, came on board as a Faculty member of UNIS
in 2010. Snorre has edited the scientific contributions
together with Alvar Braathen. We are all pleased to see
the many results of the scientific enterprise brought
about by the Longyearbyen CO2 Lab.

82

G. Sand et al.

public attentiveness has been important for our success,
as community support does not come easy in this field of
research. Good colleagues with a heart for CO2 storage in
other countries have encountered destructive resistance in
recent years. In Longyearbyen, a vision of a green society
blooms on frozen ground.

References
Aker, E., Bjørnarå, T., Braathen, A., Brandvoll, Ø., Dahle, H.,
Nordbotten, J.M., Aagaard, P., Hellevang, H., Alemu, B.L., Pham,
V.T.H., Johansen, H., Wangenc, M., Nøttvedt, N., Aavatsmark, I.,
Johannessen, T. & Durand, D. 2011: SUCCESS: Subsurface CO2
storage – Critical Elements and Superior Strategy. Energy Procedia
4, 6117–6124.
Anell, I., Braathen, A., Olaussen, S. & Osmundsen, P.T. 2013: Evidence
of faulting contradicts a quiescent northern Barents Shelf during
the Triassic. First Break 31, 31–40.
Anell, I., Braathen, A. & Olaussen, S. 2014a: The Triassic - Early Jurassic
of the northern Barents Shelf: a regional understanding of the
Longyearbyen CO2 reservoir. Norwegian Journal of Geology 94, 83-98.
Anell, I., Braathen, A. & Olaussen, S. 2014b: Regional constraints of the
Sørkapp Basin: A Carboniferous relic or a Cretaceous depression?
Marine and Petroleum Geology 54, 123–138.
Anell, I., Midtkandal, I. & Braathen, A. 2014c: Trajectory analysis
and inferences on geometric relationships of an Early Triassic
prograding clinoform succession on the northern Barents Shelf.
Marine and Petroleum Geology 54, 167–179.
Bohloli, B., Skurtveit, E., Grande, L., Titlestad, G.O., Børresen, M.H.,
Johnsen, Ø. & Braathen A. 2014: Evaluation of reservoir and caprock integrity for the Longyearbyen CO2 storage pilot based on
laboratory experiments and injection tests. Norwegian Journal of
Geology 94, 171-187.
Braathen, A., Anell, I., Osmundsen, P.T. & Olaussen, S., 2013: Evidence
of faulting contradicts a quiescent northern Barents Shelf during
the Triassic. Comment and Replay. First Break 31, 69–72.
Braathen, A., Bælum, K., Christiansen, H.H., Dahl, T., Eiken, O.,
Elvebakk, H., Hansen, F., Hanssen, T.H., Jochmann, M., Johansen,
T.A., Johnsen, H., Larsen, L., Lie, T., Mertes, J., Mørk, A., Mørk, M.B.,
Nemec, W., Olaussen, S., Oye, V., Rod, K., Titlestad, G.O., Tveranger,
J. & Vagle, K. 2012: The Longyearbyen CO2 Lab of Svalbard,
Norway—initial assessment of the geological conditions for CO2
sequestration. Norwegian Journal of Geology 92, 353–376.
Bælum, K., Johansen, T.A., Johnsen, H., Rød, K., Ruud, B.O. & Braathen,
A. 2012: Subsurface structures of the Longyearbyen CO2 Lab
study area in Central Spitsbergen (Arctic Norway), as mapped by
reflection seismic data. Norwegian Journal of Geology 92, 377–389.
Farokhpoor, R., Lindeberg, E., Torsæter, O., Mørk, M.B. & Mørk, A.
2013: Permeability and relative permeability measurements for CO2brine system at reservoir conditions in low permeable sandstones in
Svalbard. Greenhouse Gases Science and Technology 4, 36–52.
Farokhpoor, R., Torsæter, O., Baghbanbashi, T., Mørk, A. & Lindeberg,
E. 2010: Experimental and Numerical Simulation of CO2 Injection
Into Upper-Triassic Sandstones in Svalbard, Norway. SPE 139524.
doi: 10.2118/139524–MS.
Magnabosco, C., Braathen, A. & Ogata, K. 2014: Permeability model
of tight reservoir sandstones combining core-plug and Miniperm
analysis of drillcore; Longyearbyen CO2 Lab, Svalbard. Norwegian
Journal of Geology 94, 189-200.
Mørk, M.B.E. 2013: Diagenesis and quartz cement distribution of lowpermeability Upper Triassic–Middle Jurassic reservoir sandstones,
Longyearbyen CO2 lab well site in Svalbard, Norway. American
Association of Petroleum Geologists Bulletin 97, 577–596.
Miri, R., Hellevang, H., Braathen, A. & Aagaard, P. 2014: Phase relations
in the Longyearbyen CO2 Lab reservoir – forecasts for CO2
injection and migration. Norwegian Journal of Geology 94, 217-232.

Ogata, K., Senger, K., Braathen, A., Tveranger, J. & Olaussen, S. 2012a:
Characterization of natural fractures in a tight, siliciclastic reservoir
for potential CO2 storage (Spitsbergen, Svalbard): preliminary
results from drill cores. EAGE Proceeding paper B16, Valencia,
Spain, 8–11 November, 6 pp.
Ogata, K., Braathen, A., Senger, K. & Petrie, E. 2012b: Fault- and foldrelated fracture corridors as seal-bypass systems: case studies
from the Jurassic Entrada Formation (Utah, USA). Conference
Proceeding, Fault and Top Seal, 4 pp.
Ogata, K., Senger, K., Braathen, A., Tveranger, J. & Olaussen, S. 2012c:
The importance of natural fractures in a tight reservoir for
potential CO2 storage: the case study of the upper Triassic to middle
Jurassic Kapp Toscana Group (Spitsbergen, Svalbard). In Spence,
G.H., Redfern, J., Aguilera, R., Bevan, T.G., Cosgrove, J.W., Couples,
G.D.& Daniel, J.-M. (eds.): Advances in the Study of Fractured
Reservoirs. Geological Society, London, Special Publications, 374,
doi: 10.1144/SP374.9, pp. 21.
Ogata, K., Senger, K., Braathen, A., Tveranger, J. & Olaussen, S.
2014a: Fracture systems and mesoscale structural patterns in
the siliciclastic Mesozoic reservoir-caprock succession of the
Longyearbyen CO2 Lab project: implications for geological CO2
sequestration in Central Spitsbergen, Svalbard. Norwegian Journal
of Geology 94, 121-154.
Ogata, K., Senger, K., Braathen, A. & Tveranger, J. 2014b: Fracture
corridors as seal-bypass systems in siliciclastic reservoir-caprock
successions: fieldbased insights from the Jurassic Entrada
Formation (SE Utah, USA). Journal of Structural Geology 66, 162–
187.
Oye, V., Gharti, H.N., Kühn, D. & Braathen, A. 2010: Microseismic
monitoring of fluid injection at the Longyearbyen CO2-Lab,
Svalbard. In Ritter, J. & Oth, A. (eds.): Cahiers due Centre Européen
de Géodynamique et de Séismologie, Proceedings from ’Induced
Seismicity, p. 41.
Oye, V., Braathen, A. & Pollom, U. 2013: Preparing for CO2 storage at
the Longyearbyen CO2 Lab: microseismic monitoring of injection
tests. First Break 31, 95–101.
Roy, S., Senger, K., Braathen, A., Noormets, R., Hovland, M. &
Olaussen, S. 2014: Fluid migration pathways to seafloor seepage in
inner Isfjorden and Adventfjorden, Svalbard. Norwegian Journal of
Geology 94, 99-119.
Senger, K., Roy. S., Ogata, K., Bælum, K., Braathen, A., Noormets, R.,
Olaussen, S. & Tveranger, J. 2011: Exploring for saucer-shaped
igneous intrusions, Svalbard, Spitsbergen. Proceeding paper, 2nd
international Geosciences Student Conference, Kraków, Poland,
12–14 July 2011, pp. 6.
Senger, K., Planke, S., Polteau, S., Ogata, K. & Svensen, H. 2014a: Sill
emplacement and contact metamorphism in a siliciclastic reservoir
on Svalbard, Arctic Norway. Norwegian Journal of Geology 94, 155-169.
Senger, K., Roy, S., Braathen, A., Buckley, S., Bælum, K., Gernigon, L.,
Mjelde, R., Noormets, R., Ogata, K., Olaussen, S., Planke, S., Ruud, B.
& Tveranger, J. 2014b: Geometries of doleritic intrusions in central
Spitsbergen, Svalbard: an integrated study of an onshore-offshore
magmatic province with implications for CO2 sequestration.
Norwegian Journal of Geology 93, 143–166.
Senger, K., Tveranger, J., Ogata, K., Braathen, A. & Planke, S. 2014c: Late
Mesozoic magmatism in Svalbard: a review. Earth Science Reviews
139, 123–144.
Senger, K., Tveranger, J., Braathen, A., Ogata, K., Olausen, S. &
Larsen, L., 2014d: First-order CO2 storage capacity assessment in
unconventional reservoir: insights from a pilot-sized sequestration
site in Svalbard, Arctic Norway. Environmental Earth Sciences, doi:
10.1007/ s12665-014-3684-9, 23 pp.
Van Stappen, J., De Kock, T., Boone, M.A., Olaussen, S. & Cnudde, V.
2014: Pore-scale characterisation and modelling of CO2 flow in
tight sandstones using X-ray micro-CT; Knorringfjellet Formation
of the Longyearbyen CO2 Lab, Svalbard. Norwegian Journal of
Geology 94, 201-215.

