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The gant agreement was signed in November 2009, but the first funding year was set to January 1st
to December 31st 2010. According to the grant agreement a progsgs®t should be delivered

after the first six months of work under the projed&ccording to tle grant agreement this report
should account for collection of available data and model calculations for designing the field setup
and measurement strategy. At that time, the first field mission to Grimsvétn was already under way
and it was decided to pogbne thedelivery of the progress report and include an account for the
first field mission.

1. Preparation and c ollection of available data.

The PhD student attached to this program, Arnar Mar Vilhjaimsson, began his studies at the
University of Iceland in January 20TRuring thefirst term the main emphasis was on courses, data

collection and prior model calculations. Two of the coursesW.B.S2 § KSNX I f wS&ASNB2 AN
and Well LoggingREY201E) | Ge&therthal Heat (JAR218Kpve deeper insight to geothermal
adaidsSya Ay 3ISYySNItod ¢KS O2dz2NBS WLYPSNARAAZY aSiK2|
inversion methods which islaig part of this project. Additionally the student took a short course in
WdientificwS & ST NOK aSUiK2Ra O[ NCHaAMCUOUQd ! ff GKS O2dzNAES3H

Data from various geophysical methods from the Grimsvotn caldera and its vicinity was collected,
together with geophysical data from other high temperature areas in Iceland for compaiit@n.
methods include gravity (e.g. Gudmundsson and Milsom, 1997; Gudmundsson and Hognadottir,
2007), seismic (e.g. Alfaro et al., 2007), GPS geodetic studies (e.gll ®tugte 2003), magnetic
surveys (e.g. Gudmundsson and Milsom, 1997), studies of the thermal output of the area (e.g.
Bjornsson and Gudmundsson, 1993; Gudmundsson et al., 2004; Jarosch and Gudmundsson, 2007)
and more (e.g. Bjornsson and Einarsson, 198@jcles about other geothermal areas were also
studied, e.g. resistivity structure of geothermal system in general (Fl6venz et al., 1987; Arnason et al.,
2000), resistivity structure ahe geothermal fields ifkrafla Arnason et al 2009, Hengill Arnason

et al, 2010)and Krysuvik (Hersir et al., 2010) and other methods, e.g. from Krafla&E{eagsson

1978 Gudmundssoret al., 1994 Brandsdottir et al. 1997 Mortensen et al., 2010 Furthermore
various articles about inversion methods in resigfigtudies were collected (e.g. Arnason, 1989).

2. Model calculations

Prior to the design of the field survey in June 2010, some model calculations were carried out. The
purpose of these calculations was to study the expected signal strength and sigfratara 2kmx

2km source loop at different locations relative to a "hypothetical® geothermal system utheer



Grimsvotrnlakesand with a "hypothetical” magmatic roof vertical cros-section through the model
is shown orFigurel. The background modes$ ia 800m thick glacier of 1000¢n (dark blue), below
is a 100nm (blue) layer down to 12km depthnd a basement of 1@m (red). Imbedded is a
"hypothetical" geothermal ystem with 10nm low-resistivity cap and 5@gm (light blue) resistive
core. The geothermal system extendsrfr 800m depth to the depth of 2.5km. Below the
geothermal system is a "hypothetitalp-doming magmatic root of 16m. A horizontal slice through
the geothermal system is shown éiigure2.
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Figure 1. A vertical crossection through the test model. The bgodund model is a 800m thick
glacier of 10000vm (dark blue), a 10@&m (blue) layer down to 12km depth and a basement of 10
nm (red). Imbedded is a "hypothetical" geothermal system withyhOlowresistivity cap and 56m
(light blue) resistive core. The geothermal system exteruis 80m depth to the depth of 2.5km.
Below the geothermal system is a "hypothetical*dgming magmatic root of 16m.
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Figure2. A horizontal slice through the moddl 25km depth and the set up in Cakea 2km x 2km
source loop (black square) over the centre of the geothermal system and 5 receivers (green stars),
2km apart from the centre angp to 8kmaway from the centre

The induced voltage in a (fnhorizontal receiver coil (the decay of vertical component of the
magnetic field) after turning éfa 1A current in the transmitter loop was calculated usihg t
program temddd (Arnason, 1999

Two cases were considereth Casel a 2kmx 2km source loop is placed avéhe centre of the
geothermal system and the rpense calculated for five recairs, 2km apart, from the centre of the
loop andto 8km away from the centre (seEigure?2). Figure3 shows the calculated transients,
voltage (Vm?A) as a function of time (s) after the current tuaff, for the five receivers. The voltage
in the receiver at the centre of the loofRéc5, cyan) is positive for all times. It starts above™ @ at
1usk G FyR RSOFeé&a ¢ AHWmYhaYS Allitte trdnsedtslir reseivarsioutside
the source loop are negative at early times and decrease in magnitude with distancehie loop.
The three transierd furthest away and outside theesistivity anomaly of thégeothermal system"
change sign at late times (> 0.1s) and at progresslatdy times with increasingistance from the
loop.



Thetransient for thereceiver outside thedop, but still oer the resistivity anomaly (receiver no. 4 on
Figure2 and purple squares orFigure3), shows three time reversals. This complicated behaviour is
due to complicated distortion of the induced current by the lossistivity cap of the "geothermal
system”. This indicates that looking for transients with multiple sigwersals can be used to
delineate the boundaries of the system.
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Figure3. Casel. Induced voltage (V) as a function of time (s) after a 1A current in the source loop is
turned off. For location of the source loop and tleeeiver see Fig. 2 The transients for the five
receivers are shown in different colours and their signs are indicated by-signd.

In Case2 a 2kmx 2km source loop is placed with its centre 8km to the "east" of the centre of the
geothermal system. lie response was calculated for nine receivers, 2km apart, from 8km "west" of
the centre of the resistivittanomaly, across it ahto the centre of the source loop (sd&gured).
Figure5 shows the alculated transients, voltage (Vi) as a function of time(s) after the current
turn-off, for the five receiversThe transients for the four receivers furthest aw@ec. 1, 23 and 4)

are negative all the way from L8 to 1s after the current turoff. and the voltage is very low, below

H T ’MM?/A, but slowly decreasing with time. The transient for the receiver above the centre of the
anomaly is also negativacrossthe catulatedtime interval. It is noteworthy that the transients for
NEOSAOSNE o |yR p KPEPISIAGRIsEmMSto @aFa, bub thedofher H i m N
transients are about an order of magnitude higher at Tise transients between the centre of the
anomaly and the loop show sigaversal at progressively earlier times for decreasing distance from
the loop and at the centre of the loop the transienpissitive at altimes.
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Figure4. A horizontal slice through the model at 2.5km depth and the set up irZCasekmx2km
source loop 8km from the centre of the geothermal system and 9 receivers (green stars), 2km apart
and to 8km from the centre of the system.

Experience from centrdbop TEM soundings in Iceland shows that generally the signal from the
vertical component of the magnetic field can be expectethéaecorded down to the noise level of
about 10™ V/Im%A. Figure5 showsthat in the case where the transmitter loop is to the side of the
resistivity anomaly, the transient voltage for receivers on the other side is below the noise threshold
except at veryearly times. The induced currents seem to be trapped in the lowtieisjsanomalies

until at very late times. The transmitter loop couples more strongly to the-Hesistivity anomaly
when it is right above or verglose to the anomaly. The conclusioorir these model calculations is
therefore that the source loop should be located within or in very close vicinity of expected low
resistivity anomalies and the transients should be recorded inside the loop and within 10km away
from its centre.
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Figure5. Case2. Induced voltage (V) as a function of time (s) after a 1A current in the source loop is
turned off. For location of the source and the receivers see Fig. 4 The transients for the nine receivers
are shown in different colouend their signs are indicated by + argigns.

3. Software development

Existing software for 1D (layered earth) inversion of cerlivap TEM data (Arnason, 2006) has been
generalised to invert data wheréhe receiver can be either inside or outsideetsource loop. The
first stepin the data interpretation will be to perform 1D inversiarsing this softwareExisting
software for processing of TEM data (Arnason, 20@6éjction of noisy data and stacking) has also
been generalised to work omé data collected in the project.

4. The field survey

The original plan was to carry out®weeks long field survey in June 2010. Set up the current loop at
2-3 location and measure at Z80 soundings site for each current lofgration Unfortunately, tle
Eyjafjallajokull eruption had unforeseen impact @me plan. The fine ash produced during the
phreatomagmatic phase of the eruption, scattered over the Vatnajokull glacier, causing irregular
melting on the surfacelt became extremely difficult to travedbver the glacier and experienced
people in glacier travels had never seen conditism$adon the glacierseeFigure6 and Figure?.



Figure6. The glacier surface was very unevarview towards Mt. Grimsfjall from north.

Figure7. The average travel speedithe cars was less than 5 km/hodr.C 2 NR
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