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Abstract
Longyearbyen, on the remote Svalbard archipelago, is a closed energy system with a 
coal power plant fuelled by local mines, and geological structures suited for CO2 seques-
tration. For this reason, it provides a unique opportunity to demonstrate the entire CO2 
production and sequestration chain. Accordingly, the Longyearbyen CO2 Lab (hosted by 
University Centre in Svalbard, UNIS) conducts CO2 Capture and Storage (CCS) re-
search since 2007. In 2010, a short-period geophone network has been installed sur-
rounding the test injection well. During the first water injection, one event (M~1) was re-
corded followed by a series of aftershocks. However, later injection test did not produce 
any detectable microseismic events, although the pressure and flow rate exhibited a pat-
tern that is characteristic for fracture opening, indicating potentially the occurrence of 
slow-slip events.

Top: injection intervalls for the 2010 and 2011 injections; background: interpreted fracture pressure (red 
triangles), possible fracture gradients (red dashed line), fracture closure pressure representing
the minimum in situ stress (purple dots), measured pore pressures (open and filled blue dots), possible 
fracture opening mode (red arrows) interpreted for critical pressure build-ups in the different formations 
(Bohloli et al., 2014); stratigraphic succession in the right-hand column based on borehole Dh4 
(Braathen et al., 2012). Picture taken from Bohloli et al. (2014).
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Microseismic monitoring

We analyse data from three networks:
a) the CO2 Lab microseismic network (red and green dots; consisting of: one string with 5 geophones 
at 100-300 m depth in Dh3, one string with 8 geophones at 190-540 m depth in Dh4, 5 shallow borehole 
geophones; mostly 15 Hz eigenfrequency)
b) a temporary broadband array throughout Adventdalen installed from May to September 2014 (yellow 
triangles; 6 Guralp CMG40 60s-50 Hz seismometers and 6 Agecodagis Noemax 20s-50 Hz seismome-
ters)
c) the NORSAR SPITS array (purple dots; 3 vertical and 6 3-C Guralp CMG-3TB 100s-50 Hz seismom-
eters)
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The f-k analysis of ambient seis-
mic noise demonstrates an abrupt 
transition between “winter” and 
“summer” noise conditions includ-
ing a change in wave types 
(Pn/Pg to Rayleigh waves) and di-
rection to the noise source(s). 
This change coincides with air 
temperatures rising above freez-
ing point (relation to glacier mobil-
ity?).

SPITS array

Right: charac-
terisation of 
ambient seis-
mic noise by 
probability den-
sity function for 
year 2007; 
lower right: 
configuration of 
the SPITS 
array

Top: analysis of ambient seismic noise characteristics for the years 2010-2014; left: frequency of occurrence of absolute horizontal slow-
ness as measured by broadband fk-analysis for 3 frequency bands (top: 6-18 Hz, middle: 3-9 Hz, bottom: 1.5-4.5 Hz; red colours: high 
frequency of occurrence, blue colours: low hit count within 3-hour time interval), top panel: temperature from nearby weather station at 
Longyearbyen airport; middle: same but for back azimuth; right: same but detailed view for summer of 2011

SEISVAL temporary network
Challenges:
- harsh climate
- high wind noise
- only few rock outcrops (cementing instead)

Top: comparison of seismic traces 
at a time with wind speed < 1 m/s 
(top) and at a time with wind speed 
around 10-11 m/s; right: only data 
recorded at wind speeds < 4 m/s 
will be used for cross-correlations, 
blue: wind speed measured at 
Longyearbyen airport, red: wind 
speed < 4 m/s 

STN02: installation May 2014

STN02: retrieval September 2014

Right: stacked 
cross-correlation 
functions (”empiri-
cal Green’s func-
tions”) coloured dif-
ferently for periods 
May - August and 
August - Septem-
ber: top: STN02 
and STN09 (across 
valley), bottom: 
STN02 and STN03 
(along valley); the 
CCF across valley 
seems to change 
between time peri-
ods (preliminary 
result)

Top: daily cross-correlations between STN02 and STN03 and stack over whole mea-
surement period; left: correlation traces filtered between 0.75 and 1.5 Hz, right: correla-
tion traces filtered between 1.5 and 3 Hz (cross-correlation functions computed by the 
Whisper code (Briand, 2014) )

CO2 Lab permanent microseismic network
Challenges:
1) surroundings:
- harsh climate hard on equipment, especially cabling
- permafrost: grounding of equipment is difficult and expensive
- permafrost layer consists of fluvial sediments that are overpressured and partially unfroze (mud ejecting while drilling): being an encum-
brance to installation of shallow borehole instruments, S-waves highly attenuated on recordings 
- nature protection area: constraints on installation of instruments due to environmental concerns (no cementation of borehole instru-
ments)
2) recordings:
- recording equipment located in hut along with other instrumentations exposing digitizers to a higher degree than expected to electromag-
netic fields (electronic noise on data removed by employing Widrow algorithm, but requires instrumentation of noise sources)
- separation of signals from local mining operations, icequakes and regional events
- presence of tube wave signals on borehole geophone recordings (most likely originating from degassing of shale layers) 

Left: spectro-
gram plot show-
ing sudden onset 
of noise on DOY 
328 (2013), con-
sisting of a high 
number of tube 
waves (right), 
most likely 
caused by 
sudden increase 
in methane activ-
ity

Top left: configuration of network; top: sequence 
of results of repeated applications of a Widrow 
noise cancellation algorithm

Top: the UNIS CO2 Lab wellpark, middle: top end of a 
shallow borehole installation, bottom: flaring of meth-
ane

Bottom leftmost: 
daily cross-cor-
relation functions 
for 2013-2014 
computed using 
the Whisper code 
(Briand, 2014) for 
deep borehole 
stations DH4 1 
and 8 filtered be-
tween 0.1 and 
100 Hz; bottom 
left: filtered be-
tween 0.1 and 10 
Hz; whereas high 
frequency data 
displays wave 
travelling up-
wards through the 
borehole, the low 
frequency data 
show complicated 
pattern starting si-
multaneously with 
onset of noise 
(changing level of 
fluid in the well?)


