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Figure left:
Detailed map of the inner Isfjorden area, illustrating the outcropping dolerites (red), the
drilled boreholes (Dh2 and Dh4) and the 2D
seismic database coverage (black). The seismic composite line shown in is highlighted in
red. Abbreviations: TF = Tschermakfjellet, KT =
Kapp Thordsen, FI = Frostisen, GØ = Gåsøyene,
HT = Hatten, DO = Diabasodden, GF = Grønsteinfjellet, BH = Botneheia, CP = Colorado
Plateau, FD = Fulmardalen, WF = Wallenbergfjellet.
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Figure left:
Lines 1, 2 and 3 (right to left) in TWT from the
UNIS2008 survey and well DH4 (red line). The
reflectors are from top to bottom: The base of
the Helvetiafj. Fm. (Orange). Near base Cretaceous (Yellow). Top Wilhelmøya Fm. (blue). To
of reservoir interval (De Geerdalen Fm.) (purple) and a volcanic intrusion (black).

Seismics

Three complimentary methods have been applied:
1) Active source, snow streamer seismics in open 2D grid
2) Vertical Seismic Profiling (VSP) towards Dh4 in 50 m and 500
m distance
3) Microseismic monitoring
Major research efforts into these activities have been contributed by the University of Bergen, Bergen Oilfield Services,
Norsar and UNIS.

Seafloor Geology

Marine geological/geophysical investigations are focussed primarily in two areas (Fig.1):
Area A in the Adventfjorden is located near the injection site and is being investigated for the current state of pockmarks and their activity. This will establish a baseline for future monitoring of the
gas/fluid escape activity potentially associated with the CO2 seeping through the cap of the reservoir
rocks in the Adventdalen.
Area B has also been mapped and studied for pockmark occurrences. This area is primarily of interest for assessing the lateral migration patterns and rates of the injected CO2 in the reservoir rocks. In
the Area B, the reservoir rocks subcrop on the seabed and establishing its current state is essential in
terms of detecting potential seepages of the injected CO2 in the future.
In both target areas high-resolution sub-bottom geophysical data acquisition and sedimentological
sampling by ship-based instrumentation is in progress. Sub-bottom geophysical profiling methods
will help to characterize the potential seeps in terms of their depth of origin and the extent of distribution of the gas/fluids in the sediments.
Sedimentological sampling will be performed in order to establish geochemical composition of the
sediments in the pockmarked areas and compare that with the composition of sediments in the adjacent areas with no apparent signs of seepage activity. Comparative study with the active subsea
methane seeps at the outer shelf of western Spitsbergen will also be attempted. This is important for
understanding the origin of seeps and their link to the potential seepage of the CO2 injected into the
reservoir. CTD data and video footage in the pockmarked areas were acquired using the ROV-based
equipment such as digital video and photo cameras in 2011.
Figure 1

The seismic work have given three key outcomes:
1) A 3D map of the reservoir and cap rocks, which are seen to
climb gently to the NE.
2) Detailed subsurface information of the area around the well
park.
3) Character and location of micro-earthquakes triggered during water injection in wells.

Compilation of bathymetry (color-coded) and topography (gray shaded) from the Adventfjorden study area

UNIS’ 15 m marine research
vessel Viking Explorer
Gray-shaded DEM from the Adventfjorden, view into the fjord.
Note the numerous pockmarks in the lower right part of the image.
Sketch of the microseismic monitoring network consisting of a 5-level string of 3-C geophones in a vertical observation well at depths of 94 – 294 m. In addition, five shallow boreholes containing each a 3-C station have been drilled at
distances of 100 m and 500 m to the injection well, respectively. All data are sent in real-time to NORSAR where they are
automatically processed.

Phantom ready to
dive in Tempelfjorden
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Figure left;
The initial testing of DH4 showed the subsurface in Adventdalen offered two aquifer systems;
•An upper slightly over-pressured saline aquifer system(Artesian or mixed artesian/formation water) in Festningen Member – High water flow with good permeability interestingly,
with basis in low porosity permeability measurements.
•A lower significantly under pressured aquifer
system in Upper Triassic to Middle Jurassic
strata. Low permeable rock with good injectivity, due to the open fractures.
•Conclusion: under initial conditions there is
an efficient seal between the two aquifer sys-
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March 2008: Gathering of a regional seismic line near Longyearbyen, connecting the two drill sites; one near the airport and the other in
Adventdalen.

tems.
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Figure Left:
“Close up of the reservoir section of DH4 as seen in the seismic
and well logs. Note that the y axis is in two-way-travel time and
depth-related data is superimposed based on the time-depth relationship for DH4 (VSP survey down to 600 m, extrapolation below). The fracture count shows the number of fractures per metre,
and the highest values reach approximately 25 fractures per metre. Wireline logs, such as P-wave velocity, Gamma Ray and Deep
resistivity showing a increase in value to the right.

Photos by; Braathen, C.

March 2010: VSP acquisition and near-well baseline seismic study, both aimed on higher resolution of the subsurface around the well park.

Areas of detailed pockmark investigations. Inset shows geological setting justifying the selection of areas.
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Representatives from
EdgeTech oversee the
testing onboard Viking
Explorer

Testing the new combined sidescan/subbottom profiling system
in the Isfjorden in 2012.
This instrument is partly
funded by the NFR grant
to UNIS CO2 Lab through
SUCCESS Centre.

Right: Seabed imagins: Two frame-grabs from the video footage
acquired during a ROV survey in Adventfjorden

Permafrost
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Introduction

Photos By: Gilbert, G

Adventdalen is a broad, glacially affected valley located in central Spitsbergen, the largest island within the Svalbard archipelago. Due to its close proximity to Longyearbyen, the administrative center, Adventdalen has been the site of considerable scientific research. Such research has included investigations into permafrost characteristics (Christiansen et al. 2010), sea level history (Lønne and Nemec 2004), and other elements of the biophysical landscape. The presence of long-term data and research
on this environment make it an ideal location for further study, in this case of permafrost response to local climatic change. This short overview will outline the objectives,
significance, and methodology of the proposed project.

Objective

The objective of this project is to develop an environmental reconstruction of permafrost conditions through the Quaternary sediments in Adventdalen. This will be determined using cryostratigraphic evidence obtained from a 61.5 m permafrost core in conjunction with local climate, sea level variation, and glacial history. Earlier studies from
permafrost landforms in this region indicate that Holocene contemporary permafrost aggradation in Adventdalen likely began within the past 3000 years (Humlum 2005).
However, the Adventdalen valley is blanketed by approximately 60 m of Quaternary sediments and has likely been subjected to permafrost conditions prior to the Holocene
period.

Methods
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Ice formation in permafrost yields cryostructures which allow for the determination of the nature of permafrost aggradation and the conditions under which sediment has
accumulated (French 2010). Analysis of these ice formations will permit conclusions regarding the history of permafrost development in Adventdalen. In addition to cryostratigraphy, the analysis of grain size and sediment characteristics will be used to infer the depositional environment. To establish the temporal variation in the sedimentation rate, samples will be taken from identified layers for dating.

March/April 2011: AG-335 Polar Seismic Exploration course run by UNIS the data acquired has a high degree of interest to the CO2 lab. Two

Significance

The results of this project will be used in evaluation of the physical state of the sediments under the prevailing thermal conditions and can be expanded to assess the permafrost conditions throughout many of the valleys on Svalbard. This is an area of interest for carbon capture and storage and information regarding the permafrost conditions

lines with high resolution (10m shot spacing, compared to the usual 50m) across the Dh4 and associated well park. The data does not have
the same depth penetration as the longer lines from 2008 but shows more detail particularly in the uppermost part of the section.
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may have implications for environmental assessment and application of this initiative.
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CO2 Workshops and Conferences

Industy and Academia

Since 2008 the UNIS CO2 project with the help of our partners and the local power station have been giving and hosting CO2 Workshops and conferences inviting par-

The CO2 Lab. praise our partners - ConocoPhillips, Store Norske, Statoil, Lundin, Baker Hughes, Statkraft and LNS for both their continual support with the UNIS CO2 Lab,

ticipants as far as fields as Europe and the USA. Outreach has been informing and following the progress of the CO2 Lab at Longyearbyen, and equivalent CO2 projects

and for their energy and resources given to academia. This cross - border co-operation between academia and industry is an example to be followed by others to encourage

globally. Through these workshops and conferences the project has built bridges, encouraging and practicing knowledge sharing. We are working together for a global

knowledge building and innovation.
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solution to the CO2 problem.

Below: As a response to collaborative R&D work carried out between Lundin Norway and UNIS, Lundin Norway
sponsored a state-of-the-art computer room, and subsequently introduced the Artic geology students at UNIS to
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Workshop with international partners
Outreach for the CO2 Lab here in Longyearbyen will continue to encourage cross border cooperation between academia and industry building
strong resources and infrastructure to meet the growing need for CO2
awareness to cut world emissions in the future.
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Høyre (political party) workshop at UNIS 2012 - With a visit to the power station

Partners Workshop UNIS 2012
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seismic interpretation methods.

CO2REMOVE Workshop UNIS 2011 - with field excursion

Malte Jochmann -Store Norske
Explaining the geology with the importance for the local coal mining

Collaboration Work and Outreach

Geologists of the Longyearbyen CO2 lab show colleagues the reservoir succession as it
can be seen in outcrops 20 km NE of Longyearbyen

