ARSSKYRSLA
ICELAND GEOSURVEY ANNUAL REPORT 2 O ] ]




Efnisyfirlit
Contents

Helstu atburdir drsins 4
;\varf. Stj t;srggrformanns Z Highlights of the Year 4
orsyort Chairman of the Board 5
Mannaudur 8 .
o General Director 6
Rekstraryfirlit fyrir drid 2011 9
Jarsfredi h <l 10 Human Resources 8
o fre fogum verfismd Financial Statements for the Year 2011 9
beistareykir 14 .
, _ Geology and Environment 10
Jardedlis- og fordafraedi 16 ) .
. . beistareykir Case Study 14
Jardhitaverkfraedi 21 . . .
, . , Geophysics and Reservoir Physics 16
Borholumzelingar og maelitzekni 24 L
L Geothermal Engineering 21
Jardhitapjdlfun og kennsla 26 .
Utaefia efni 5 Geothermal Logging 24
gefi .ef e Geothermal Training and Education 26
Verkefni erlendis 30 -
Skrifst Chil 5 Publications 28
rifstofan i Chile Projects Abroad 30
Subsidiary in Chile 31

[SOR - Iceland GeoSurvey - Grensasvegur 9, 108 Reykjavik, Iceland - Simi/Tel: +354 528 1500 - Fax: +354 528 1699 - isor@isor.is - www.isor.is
Verkefnisstjori/Project leader: Brynja Jonsdéttir - pyding/Translation: Gudmundur H. Gudfinnsson - Prentun/Printing: Svansprent - ISBN: 978-9979-780-93-9

Forsida og mynd ad nedan: Frd saltsléttunni & Dallol-svaedinu f Danakil-sigdzeldinni { Epiépfu, sjd ennfremur umfj6llun 4 bls. 10. Ljésmynd: Finnbogi Oskarsson.
Cover and photograph below: Dallol area of the Danakil graben in Ethiopia. See also page 10. Photograph: Finnbogi Oskarsson.

Allar ljssmyndir  skyrslunni eru teknar af starfsfélki [SOR nema bls. 16 - All photographs were taken by the staff of Iceland GeoSurvey, except page 16.




Jardvisindarannséknir, radgjof
og pjonusta i sex dratugi

Scientific and technical services
to the geothermal industry
for six decades



Helstu atburdir darsins

Highlights of the Year

Dagur evrépskra framhaldsnema

Radstefna evrépskra framhaldsnema f jardhitafreedum
var haldin & [slandi dagana 1.-3. mars 2011. [SOR var 4
medal fyrirtaekja og stofnana sem studdi rddstefnuna og
fér opnunardagskrdin fram f hdsakynnum ISOR. Alls téku
60 framhaldsnemar frd 13 I6ndum pétt i radstefnunni og
bar af fluttu 6 starfsmenn og nemar fr4 [SOR erindi.

European Geothermal PhD day

The European conference of graduate students in
geothermal studies was held in Iceland on 1-3 March
2071. Iceland GeoSurvey was among the companies and
institutions that supported the conference, and the
opening ceremony took place at the Iceland GeoSurvey
facilities. In total 60 graduate students from 13 countries
participated, with 6 employees and students from
Iceland GeoSurvey giving presentations.

Jardhitarddstefnur
Mikill kraftur og uppbygging er hja

Teeknisyning

Arsfundur var haldinn { Orkugardi pann 8. april.
Frafarandi stjérnarformadur dvarpadi fundinn
og forstjori for yr starfsemi {SOR & lidnu &ri.
Fundi var slitid ad loknu dvarpiidnadarrddherra.
Pa var bryddad upp & bpeirri nybreytni ad
bjéda til tekjasyningar hja [SOR. Starfsmenn
freeddu dhugasama um pau taeki sem notud
eru til jardhitarannsokna og voru hdhita- og
brystimaelar, hitamyndavél og girémaelar medal
tekja sem sérfredingar [SOR kynntu.

Technology show

The annual meeting was held on April 8. The
outgoing Chair of the Board gave a presentation
and the General Director went over the
operation of Iceland GeoSurvey in the year
before. After a speech given by the Minister of
Energy, the meeting was closed, followed by an
invitation to a technology show, where Iceland
GeoSurvey employees demonstrated the use
of equipment for geothermal research. High-
temperature and pressure gauges, a heat-
sensitive camera and gyro tools were among
the equipment shown.

détturfyrirteki SOR og Verkfs f
Chile, GeoThermHydro (GTH). GTH
vareinnaf styrktardilunumafyrstu
jardhitarddstefnunni 4 vegum ny-
stofnads jardhitasambands Chile.

Conferences

The subsidiary of Iceland Geo-
Survey and Verkis in Chile, Geo-
ThermHydro (GTH), shows great
vitality and is undergoing fast

growth. GTH was one of the spon-
sors of the first geothermal con-
ference of the newly established
Chilean Geothermal Association.

Visindavaka

[SOR tok patt f visindavoku Rannfs
2011 sem haldin var { Haskdlabidi
{ september. par gafst gestum
og gangandi teekiferi til pess
ad kynnast starfi jardfredings
og var félki bodid ad skoda
borholusvarf { vidsjd og fraedast
um vokvabdlusmasja.

Researchers Night

Iceland GeoSurvey took part in
Researchers’ Night which was
held in September, where the
public had the opportunity to
learn about the work of geologists,
and could examine drill cuttings
with a binocular microscope and
see a demonstration of how fluid
inclusions can be investigated
with a heating/freezing stage.

Jardhitaheimskort

f samvinnu vid fréttavefinn Think-
GeoEnergy og Alpjédajardhita-
sambandid gaf [SOR Ut heimskort
med upplysingum um uppsett
afl jardhitavirkjana  heiminum.
Kortid er haegt ad ndlgast & vef
[SOR og ThinkGeoEnergy, www.
isor.is og www.thinkgeoenergy.
com.

Geothermal Power Map

In a joint effort, Icelandic Geo-
Survey (/SOR) and ThinkGeoEnergy
published the Global Geothermal
Power Map.



Sigrun Traustadottir

Adalfundur [slenskra orkurannsékna (ISOR) nu er si
niundi { rédinni. A drinu 2011 voru gerdar breytingar &
stjérn [SOR en stjérnin hafdi verid dbreytt fra stofnun [SOR
arid 2003. bdrarinn E. Sveinsson mjdlkurverkfraedingur,
Hdkon Bjérnsson vidskiptafraedingur og Jéhannes Pdlsson
vélverkfraedingur féru pa ar stjérninni og { beirra stad
settust { stjorn Sveinbjorn Bjornsson jardedlisfraedingur,
Ingvi Mdr Palsson logfredingur og Sigrdn Traustadéttir
vidskiptafraedingur, sem skipud var stjérnarformadur. beer
Svanfridur Inga Jénasdattir, baejarstjori & Dalvik, og Gudrin
Helga Brynleifsddttir [ogfraedingur, sem verid hafdi stjérnar-
formadur, sitja dfram f stjérninni.

A drinu 2011 var velta [SOR 958 m.kr. Tap arsins nam teplega
45 m.kr. bessi nidurstada er { samraemi vid dztlanir fyrir
arid 2011 en | peim var gert rad fyrir ad tekjur staedu undir
rekstrargjoldum 6drum en afskriftum. Géd eiginfiarstada
fra fyrri arum leyfdi ad gengid yrdi 4 eigid fé sem naemi
afskriftunum.

Ef litid er yfr lengra timabil er ljést ad umsvif [SOR hafa
dregist verulega saman 4 undanférnum arum, einkum hvad
vardar pjénustu vid borun hahitaholna. A 4rinu 2008 voru
boradar 29 holur en & drunum 2009-2011 hafa einungis
verid boradar 16 holur samanlagt. betta er pad umhverfi sem
[SOR hefur buid vid fra pvi ad stérfelldar breytingar urdu f
efnahagslifinu haustid 2008. A pessum tima hafa stjérnendur
og starfsmenn [SOR unnid med adddunarverdum hzetti ad pvf
ad draga saman seglin innanlands { samraemi vid minnkandi
eftirspurn eftir pjénustu fyrirtaekisins og samhlida ad finna
ny teekifeeri, einkum 3 erlendri grundu.

A drunum 2008-2011 jukust tekjur af verkefnum erlendis
ar 117 m.kr., sem var 8% af veltu arsins 2008, { 313 m.kr.
4 drinu 2011, sem nemur um einum pridja af heildartekjum
[SOR bad ar.

A drinuvar hafin vinna vid endurskodun 4 stefnumétun [SOR.
Undanfarin prju dr hafdi verid unnid eftir stefnu sem métud
var { kjolfar efnahagsbreytinganna 2008. Hiun midadi fyrst
og fremst ad pvi ad verja starfsemi [SOR & samdrattartimum.
Stefnumétunarvinnan gekk vel og kom par skyrt fram mikill
ahugi starfsmanna 3 vidgangi og velgengni fyrirtzekisins.
Horft var med bjartsyni til framtidar og mdtud stefna og
adgerdardzetlun til drsins 2016. Adgerdardzetlunin midadist
vid ad styrkja kjarnasvid [SOR f samraemi vid framtidarsynina.
Mikil dhersla var 16gd & ad kortleggja bekkingu fyrirtaekisins
og hvernig best yrdi stadid ad pvi ad byggja upp pekkingu og
reynslu yngri starfsmanna. Ljést er ad slikt plagg verdur ad
vera { stodugri endurnyjun og adlogun ad peim breytingum
sem verda { orkuidnadinum.

pvi midur litur Gt fyrir ad dstandid hér 4 landi breytist litid 3
yrstandandi dri og ad drattur verdi & ad steerri framkvaemdir
hefjist. Mikil dvissa rikir enn vardandi nytingu og verndun
orkuaudlinda og framtid orkuidnadarins f heild sinni.

Fg bakka starfsmonnum, stjérnendum og stjérn [SOR fyrir vel
unnin storf og gott samstarf a drinu og vona ad pessum bid-
tima f islenskum orkurannséknum innanlands fari ad ljuka.

Chairman
of the Board

Sigrun Traustadottir

In 2011 changes were made to the company board after it
had been unchanged since the establishment of Iceland
GeoSurvey in 2003. In 2011 the turnover of Iceland
GeoSurvey was 958 million ISK. The losses over the year
amounted to 45 million ISK. This is in accordance with
the financial plan for the year, which anticipated that
revenue would cover operating expenses other than
depreciation. The robust equity situation from previous
years has enabled the lowering of equity equal to
depreciation.

Looking over a longer period, it is clear that the activities
of Iceland GeoSurvey have decreased in the last few
years, especially with regard to the servicing of high-
temperature drilling. Whereas 29 wells were drilled
in 2008, only a total of 16 wells were drilled in the
period 2009-2011. This is the environment that Iceland
GeoSurvey has had to contend with since the drastic
downturn in the Icelandic economy in the autumn of
2008. The administrators and employees have worked
admirably hard in this time to adapt to less domestic
demand for the company services, while simultaneously
seeking new opportunities, especially abroad.

Revenue from projects abroad has increased from 117
million ISK in 2008, which was 8% of the turnover of
the year, to 313 million ISK in 2011, or about a third of the
total revenue that year.

Work started last year on a revision of the company
strateg The work was fruitful and revealed the great
interest of employees in the success of the company.
With an optimistic outlook prevailing, a policy and a
plan of action until 2016 were formed, but obviously,
they need to be continuously revised and adapted to
changes in the energy domain.

Unfortunately, it looks as if the domestic conditions
will not improve much for Iceland GeoSurvey this year
and there will be a delay in the start of large projects.
Uncertainty still prevails regarding the exploitation of
energy resources and the energy industry as a whole.

I would like to thank the employees, administrators
and company board for their fine work and pleasant
collaboration during the year, with the hope that the
waiting period in lIcelandic energy research, which
Iceland GeoSurvey has endured in the last three years,
will soon come to an end.



Forstjori ISOR

Olafur G. Flévenz

Arid 201 var 4ttunda starfsar [SOR. Starfsemin var ad
venju bysna fjélbreytt og nadi til verkefna f fjélmérgum
rikjum auk Islands.

[ ‘mars 201 skipadi idnadarradherra nyja stjérn [SOR
undir formennsku Sigrinar Traustadéttur vidskipta-
freedings. Ték hun til starfa 1. aprfl og hefur unnid gott
starf { ndinni samvinnu vid starfsfélk ISOR. Frafarandi
stjorn, undir formennsku Gudrdnar Helgu Brynleifsdottir
logfraedings, hafdi pd setid 6slitid frd upphafi starfstima
[SOR 4rid 2003. Eru stjérninni faerdar bestu pakkir fyrir
gott starf og samstarf 4 lidnum drum.

Rekstrarafkoma [SOR &rid 2011 var mjég naerri dtlun
arsins. Rekstrartap fyrir fjarmagnslidi vard 53,9 m.kr.
en 44,5 m.kr. ad teknu tilliti til fjarmagnslida. Veltufé
fra rekstri var jékvaett um 1,9 m.kr. Fjdrhagsstada (SOR
er afram traust pvi tapid orsakast nezer eingdngu af
afskriftum taekja sem vegna verkefnapurrdar eru Iitid
notud svo verdmati beirra ryrnar f raun Iitid. A drinu
var fjarfest { nyjum taekjum fyrir 10 m.kr. Handbaert
fé laekkadi ar 245 m.kr. (127 m.kr. vegna laekkunar &
skammtimaskuldum og haekkunar & skammtimakréfum.
pad sidasttalda ma rekja til bess ad yfirleitt tekur lengri
tima ad fa greitt fyrir vinnu vid verkefni erlendis en 3
slandi. [ upphafi drsins 2011 var Rekstrarfélag Orkugards
lagt nidur og skiptu [SOR og Orkustofnun med sér umsjén
med peirri starfsemi sem adur var { hondum félagsins.
bannig sér [SOR nti um rekstur hisnaedis og métuneytis
en Orkustofnun um rekstur télvukerfis og mottoku. N3ai
[SOR verulegum drangri vid ad lekka kostnad vid rekstur
husnadisins.

Starfsemi [SOR markast um pessar mundir mjég af lang-
varandi vissu um framtidaraform forkumalum 4 fslandi.
Umtalsverdur hluti af starfsemi [SOR hefur undanfarin 4r
tengst bjénustu vid boranir & hahitasveedum 4 [slandi.
[ peim tilgangi hefur [SOR byggt upp &fluga starfsemi
{ borholumzlingum og borholujaréfraedi, baedi med
verulegri fjarfestingu f taekjum til borholumzelinga og f
bjalfun nys starfsfdlks. Verkefni & pessum svidum hafa
dregist gridarlega saman sfdan 4rid 2008. [SOR hefur
brugdist vid pessu med pvi ad fekka starfsmonnum f
borholumzaelingum um nzer helming en pad hefur ekki
dugad til ad vega upp & méti samdraettinum og er nu
leitad leida til ad bregdast frekar vid rekstrarhalla af
bessum sékum. A 63rum svidum starfseminnar hefur
tekist ad vega talsvert upp 4 méti samdreetti med
verkefnum f utlsndum. A 3rinu 201 namu tekjur af
verkefnum erlendis, ad Jardhitaskélanum medtsldum,
313 m.kr., sem er um 16% aukning milli dra, og nemur
bessi lidur ni um 32,7% heildartekna. Helstu verkefnin
voru  Chile, Kenia, Nikaragva, Déminiku, Kréatiu, Epfépiu
og Tyrklandi. Verkefni pessi eru af ymsum toga. | Chile
felast pau einkum ( adstod vid fyrirtaeki vid ad sekja um
rannséknarleyfi og bjénustu vid rannséknarboranir. |
Déminfku er unnid vid umhverfiseftirlit og rannsdknar-
bjonustu f tengslum vid fyrstu hahitaboranir f landinu.
| Kenfa var dherslan mest & pjdlfun, kennslu og

General
Director

Olafur G. Flévenz

The year 2011 was the eighth operational year. As usual
the operation was manifold and covered projects in a
number of countries in addition to Iceland.

In March 2011 the Icelandic minister of industry
appointed a new board for Iceland GeoSurvey, which
started on April 1. The outgoing board, chaired by Gudrun
Helga Brynleifsdottir, lawyer, had been active since the
establishment of the company in 2003. Other members
of the board were Svanfridur Jénasdottir, mayor of Dalvik,
Jéhannes Pdlsson, mech. engineer, Hidkon Bjornsson,
MBA, and Thérarinn E. Sveinsson, civil engineer. Gratitude
is extended to the members of the board for their good
work and cooperation in the years gone. Brynleifsdottir
and Jénasdottir are also members of a new board, which
is appointed for the next four years. Other members are
Sigrun Traustadéttir, MBA, who is chairman, Ingvi Mar
Pdlsson, lawyer, and Sveinbjérn Bjornsson, geophysicist.

The financial outcome of Iceland GeoSurvey in 2011
was very close to expectations. Losses before financial
expenses amounted to 53.9 million ISK, and 44.5 million
ISK with capital expenditures considered. Cash flow from
operations was positive by 1.9 million ISK. The financial
situation of Iceland GeoSurvey continues to be robust,
however, because most of the losses are caused by
depreciation oftools, which are only in minor use because
of the lack of projects, and so in reality their value is
not declining much. During the year, 10 million ISK was
spent on new instruments. The amount of cash at hand
decreased from 245 million ISK to 127 million ISK because
of the payment of short-term debts and increased
short-term claims. The latter can be explained by the
fact that it takes longer to receive payments for foreign
projects than domestic. In the beginning of 2011 the
operations partnership of Orkugardur, the office facility,
was ended, and the responsibilities divided between
Iceland GeoSurvey and the National Energy Authority.
Iceland GeoSurvey now oversees the management of
the housing and the cafeteria, whereas the National
Energy Authority is in charge of the computer system
and the reception. In this way, Iceland GeoSurvey was
able to lower considerably the cost associated with the
facilities. This new arrangement was the most important
factor in 16.4% increased revenue and 14.5% increased
operating expenses during the year.

The operation of Iceland GeoSurvey is greatly affected
by the long-lasting uncertainty about the future
direction of energy development in Iceland. In recent
years, a considerable part of the operation of Iceland
GeoSurvey has been related to the servicing of drilling
in high-temperature geothermal fields in Iceland. For



Iikangerd af jardhitasveedum. [ Nikaragva var unnid ad
uppbyggingu pekkingar innan opinbera kerfisins fyrir
préunarsamvinnustofnun fslands en {Kréatfu, Epiépfu og
Tyrklandi hafa verkefnin snuist ad mestu um jardhitaleit.

Af innlendum vettvangi félust helstu verkefni [SOR f
rannséknum, rddgjéf og bjonustu fyrir orkufyrirtaekin
{ landinu. Um er ad raeda hefdbundid vinnslueftirlit,
fordafraedilikon, borrddgjof og umhverfiseftirlit dsamt
ymsum rannsoknum er tengjast vandamdlum vid vinnslu
jardhita eda jardhitaleit. b3 vo pjonusta f tengslum vid
boranir fjogurra hdhitaholna nokkud pungt, tveggja 4
peistareykjum og einnar 4 Hellisheidi og Reykjanesi.

b3 hefur ISOR sem fyrr unnid sem adalvisindaradgjafi
Orkustofnunar f olfu- og landgrunnsmalum. A 3rinu
var einkum unnid ad rannséknum 4 Drekasvaedinu og
undirbuningi oliuleitartutbods par en f landgrunnsmdlum
er unnid ad rokstudningi fyrir kréfum [slands til hafs-
botnsréttinda utan 200 milna efnahagslégségunnar og
kynningu hans fyrir hafréttarnefnd Sameinudu pj6d-
anna. Jafnframt hof [SOR patttoku f stéru verkefni jard-
freedistofnana vid Nordur-Atlandshaf um ad safna
saman gognum f gagnagrunn og kortabsk um hafsbotn
Nordaustur-Atlandshafs.

Auk pjénustustarfsemi tekur [SOR patt { mérgum
rannsdknarverkefnum, medal annars med studningi
orkufyrirtaekja og innlendra og erlendra rannsdkn-
arsjéda. Eitt staersta rannseknarverkefnid pessi misserin
er samevrépskt rannscknarverkefni um jardskjélfta f
tengslum vid nidurdaelingu jardhitavokva en pad mdl
komst mjég  svidsljésid & drinu vegna jardskjalfta 4
nidurdeelingarsvaedi Orkuveitu Reykjavikur vid Hellis-
heidarvirkjun.

Si8ladrs 20111agdilSOR utividamiklastefnumdtunarvinnu
med vidtaekri patttoku starfsmanna og stjérnenda og
adstod fra radgjafarfyrirteekinu Alta. Lauk peirri vinnu
samkvaemt dtlun f drslok. Var framtidarsyn ISOR skil-
greind og sett upp adgerdardetlun ( kjolfarid sem nu er
fylgt eftir. Rétt er b6 ad taka fram ad pessi framtidarsyn

this purpose, Iceland GeoSurvey has built up a strong
operation in borehole logging and borehole geology, both
by investing heavily in tools for logging and by training
new employees. There has been an extreme contraction
in projects in this field in Iceland since 2008, to which
Iceland GeoSurvey has responded by reducing the
number of employees involved in logging by almost half.
This has not been enough to offset the contraction and
other means of dealing with the financial losses caused
by this are being sought. In other parts of the operation,
contraction has been significantly counteracted by
projects abroad. In 2011 revenue from foreign projects,
with the UN Geothermal Training Programme included,
amounted to 313 million ISK, which is 16% increase
from the year before. This part is now 32.7% of the
total revenue. The main projects were in Chile, Kenya,
Nicaragua, Dominica, Croatia, Ethiopia and Turkey.

The main domestic projects of Iceland GeoSurvey
involved research, counseling and service for the energy
companies in the country. This includes customary
production monitoring, reservoir modeling, drilling
advice and environmental monitoring, in addition to
solving of problems in connection with geothermal
exploitation and geothermal exploration. Services related
to drilling of four high-temperature geothermal wells,
two at Theistareykir and one in each of the Hellisheidi
and Reykjanes fields, were a large part of such projects.

In addition to providing services, Iceland GeoSurvey takes
part in many research projects, sometimes with the
support of energy companies or domestic and foreign
research funds. Presently, one of the largest research
projects is a European cooperative project on seismicity
in connection with the injection of geothermal fluid.
Because of earthquakes in the injection area of Reykjavik
Energy near the Hellisheidi geothermal plant, this issue
received a great deal of attention during the year.

In late 2017 Iceland GeoSurvey initiated a comprehensive
work on the future strategy of the company with the
participation of many employees and managers and

Fra peistareykjum. From peistareykir, Northeast Iceland.



byggist & dkvednum, héflegum forsendum um bréun
islensks jardhitaidnadar naestu rin.

[SOR hefur undanfarin r lagt kapp 4 pjalfun ungra starfs-
manna. Pannig voru drid 2011 alls 11 ungir starfsmenn f
meistara- eda doktorsndmi { jardvisindum innan verk-
efna & vegum ISOR og luku fimm peirra ndminu 3 4rinu.
Samevrépskur framhaldsnemadagur | jardhitafreedum
var haldinn 63ru sinni og nt 4 [slandi. Parna kom saman
fioldi framhaldsnema vida ad ar Evropu til ad kynna
verkefni sin. Framhaldsnemar frd [SOR téku barna
virkan patt f m.a. skipulagningu atburdarins sem tékst
prydilega.

Adkoma ISOR ad menntun og pjdlfun f jardhitafreedum
hefur aukist. Sérfaedingar [SOR 6nnudust 4 drinu megin-
hluta kennslu vid Jardhitaskéla Haskdla Sameinudu
bjédanna, kenndu 3 pjalfunarndmskeidum i préunar-
léndum og vid Haskdla Islands og Haskdlann i Reykjavik.
A 3rinu slitnadi upp dr vidredum fslensku hdskélanna um
samstarf um kennslu f jardhitafredum. [ kjélfaria seldi
Haskdli [slands Orkuveitu Reykjavikur sinn hlut { REYST-
skélanum. Vard ad samkomulagi ad [SOR eignadist 5%
hlut  skdlanum og tekur nu patt i uppbyggingu hans
asamt Orkuveitu Reykjavikur og Haskélanum f Reykjavik
med setu { stjérn hans og fagraai.

assistance from the consulting firm Alta. As planned,
this work was finished at the end of the year. The future
vision for Iceland GeoSurvey was defined, followed by
a plan of action which is now being followed. It should
be noted that this vision is based on certain modest
assumptions about the development of the Icelandic
geothermal industry in the coming years.

In the last few years Iceland GeoSurvey has emphasized
the training of young employees. To this end 11 young
employees were engaged in studies in earth sciences
at the master’s or doctoral level, working on projects
that are related to their work at Iceland GeoSurvey, with
three of them finishing their studies during the year. The
European Geothermal PhD Day was held for the second
time, and now in Iceland, where a number of graduate
students from many European countries came together
to present their projects. Graduate students from Iceland
GeoSurvey were actively engaged, for instance in the
organization of the event, which was highly successful.

The involvement of Iceland GeoSurvey in education and
training in geothermal studies has increased. Specialists
at Iceland GeoSurvey handled the major part of teaching
at the UN Geothermal Training Programme, taught at
training courses in developing countries, and at the
University of Iceland and Reykjavik University. After
discussions among the Icelandic universities about a
collaboration in the teaching of geothermal studies came
to an early end, the University of Iceland sold its part in
the REYST school to Reykjavik Energy. Subsequently,
it was agreed that Iceland GeoSurvey would take over
a 5% share in the school and is now involved in its
development along with Reykjavik Energy and Reykjavik
University, and takes a seat on the board and in the
academic council.

Mannaudur

Human Resources

Menntun
Education 7 4

Starfsmenn
Employees
31.12.201

Kynjaskipting
Hlutfall kvenna hefur
farid vaxandi, var 23%
arid 2007 ener 34%
arid 2011.

Gender ratio

The proportion of women
has grown, from 23% in
2007 to 34% in 2011.

Studentsprof / Secondary Education
Konur / Woman

[l BS/BAgréda/ degree 2007

20M
B MS/MA grada / degree 5010 Karlar / Men
[l Ph.Dgrada/ degree 2007



Rekstraryfirlit fyrir arid 2011

Financial Statements for the Year 2011

Rekstrarreikningur (pus. kr.)
Rekstrartekjur

Rekstrargjold
Afskriftir

Rekstrarhagnadur (tap)
fyrir fiarmagnslii

Fjarmagnstekjur og (gjsld)
Hagnadur (tap) 4rsins

Efnahagsreikningur (pus. kr.)
Fastafjarmunir
Veltufjarmunir
Eignir alls

Eigio fé
Skammtfmaskuldir
Eigid fé og skuldir alls

Sj6dstreymi (pus. kr.)
Veltufé frd rekstri
Breytingar a
rekstrartengdum
eignum og skuldum
Fjarfestingahreyfingar

Haekkun (lekkun)
a handbzeru fé

Kennitolur

EBITA
EBITA hlutfall

Eiginfjarhlutfall
Ardsemi eigin fjar

Income statement (ISK thousands)

Operating revenues
Operating expenses
Depreciation
Operating profit (loss)

before financial expenses

Net financial income
Net profit (loss)

Balance sheet (ISK thousands)

Fixed assets
Current assets
Total assets

Total equity
Liabilities
Total liabilities and equity

Cash flow (ISK thousands)

Working capital from operating activities

Cash provided by operating activities
Cash flows from investing activities

Free Cash flow

Key figures

EBITA
EBITA ratio

Equity ratio
Return on Equity

2071 2010
958.333 866.593
965.895 890.707

46.393 49.017
1.012.288 939.724
(53.955) (73.131)
9.494 (21.349)
(44.461) (94.480)
140.611 181.508
333.579 414,897
474.190 596.405
321.226 365.687
152.964 230.718
474.190 596.405
2 (45.463)
(12.331) 16.792
(5.495) (12.930)
(117.824) (41.601)
(7.562) (24.m4)
-0,8% -2,8%
67,8% 61,3%
-12,2% -20,5%



Jardfraedi og

umhverfismdl

Kortagerd
Borholujardfraedi
Jardefnafrzedi
Grunnvatnsfraedi
Umhverfismdl

Geology and

Environment

Geological mapping
Borhole geology
Geochemistry
Hydrogeology
Environmental studies

A [ janf 2011 héfst vinna ISOR vid kortlagningu jardhita 3

Dallol-sveaedinu  Danakil-sigdaeldinni { Epidpfu, sem er
3 métum Nubiuflekans, Arabiuflekans og Sémaliuflekans
og myndar nyrsta hluta afriska sigdalsins. Hluti
sigdeeldarinnar er saltslétta sem myndadist pegar
Raudahafid braust i gegnum Danakil-Alpana ofan f
sigdeeldina sem liggur rimlega 100 m undir sjdvarmali.
Sjérinn gufadi upp en eftir satu pykk saltlog sem sfdan
hafa verid unnin af heimamoénnum og ndmafyrirtekjum.

Dallol liggur & saltsléttunni naerri landamaerunum ad
Erftreu, og er bekktast fyrir hitamet dranna 1960-
1966 en pa var medaldrshitinn 34°C, sem er haesti
medaldrshiti sem meelst hefur & byggdu bdli. Svaedid

In June 2011 Iceland GeoSurvey started mapping of geo-
thermal activity in the Dallol area of the Danakil graben
in Ethiopia. This graben, which forms the northernmost
part of the African rift valley, is at the intersection of the
Nubian, Arabian and Somalian tectonic plates. A part of
the graben is a salt flat that formed when the Red Sea
broke through the Danakil Alps into the graben, whichlies
about 100 m below sea level. The seawater evaporated,
resulting in the formation of thick layers of salt, which
have been mined by locals and mining companies.

Dallol lies within the salt flat near the international border

with Eritrea, and is best known for the temperature
record in the period 1960-1966, when the annual



er Itka pekkt fyrir litskridugt jardhitasvaedi f gig 4 toppi
Dallol-fialls sem ris um 50 m yfir saltsléttuna. bar er
yfirbordsvirkni af ymsu tagi; sjédandi hverir, gufuaugu,
brennisteins- og saltutfellingar { ymsum litum og heitar
syrulaugar, graenar ad lit. Ad auki er allt vatn mettad
af salti enda er ad mestu leyti um ad raeda regnvatn af
hasléttunni sem berst nidur f sigdzeldina med grunn-
vatnsstraumum og seytlar { gegnum saltlégin. Ars-
urkoma er ekki nema um 50 mm. Vatn finnst pvi helst
{ tengslum vid gasuppstreymi. Brimsaltar &lkeldur &
sléttunni eru { ymsum litum, hdd syrustigi og rfkjandi
steindum f saltstaflanum. Yfirbord fjallsins minnir vida
3 hraun en saltid & yfrbordi sléttunnar breytist med
rakastigi; er slétt par sem grunnvatnsstadan er ha en
myndar tigla eda reiti eftir pvi sem uppgufunin er meiri
og saltkristallarnir verda reglulegri og hardari. Staerstu
yfirbordsmyndanir voru kortlagdar og um tugi syna af
vatni og gufu var safnad til efnagreininga.

Jardfraedikortlagning

Sérfraedingar ISOR hafa f dratugi stundad ndkvaema jard-
freedikortlagningu vids vegar um landid fyrir orkufyrir-
taeki, sveitarfélog og adra verkkaupa. Flest kortanna eru f
maelikvrdum 1:25.000-50.000 og hafa eingdngu birst {
skyrslum og greinargerdum til viskomandi verkkaupa og
eru pvf fdum 6drum adgengileg. Um er ad raeda berg-
grunnskort, vatnafarskort, jardgrunnskort, jardhitakort
og hoggunarkort. Utan kortlagdra svaeda er til mikid af
upplysingum { ébirtum handritum, & loftmyndum og f
feltbokum jaréfredinga.

Med pessarivinnu hefur byggst upp yfirgripsmikil pekking
3 jardfraedi landsins og vida er Iitid mdl ad fylla f eydur
og gera heildstaed yfirlitskort af dkvednum landsvaedum
{ meelikvarda 1:100.000. Fyrsta kortid peirrar gerdar
gaf [SOR Ut sumarid 2010 af Sudvesturlandi til sslu 4
almennum markadi. A vef [SOR var jafnframt settur inn

average temperature was 34°C, which is the highest ever
recorded on Earth. The area is also known for the colorful
geothermal field in the crater at the summit of mount
Dallol, which rises about 50 m above the evaporite plain.
Here, diverse surface activity can be found; boiling hot
springs, steam vents, sulfur and salt precipitations and
green-colored, acid hot springs. In addition, all water
is saturated with salt because it originates as rainwater
fromthe highlands, which then flows as groundwater and
seeps through the salt layers. As the annual precipitation
is only about 50 mm, most water found at the surface
is connected to gas upwelling. Briny mineral springs
on the plain have different colors, depending on the pH
and the main minerals in the salt layers. The surface of
the mountain is reminiscent of a lava field, but the salt
on the surface changes with humidity; at the surface
the salt is smooth where the groundwater level is high
whereas it develops diamond- or box-shaped forms
when the evaporation increases and the salt crystals
become more regular and harder. The largest surface
formations were mapped and about a dozen samples of
water and steam were collected for chemical analyses.

Berggrunnskort / Stratigraphic Map

[ Fréagengin / Finished
[ fvinnslu/In progress

frédleikur um jardfraedi Reykjanesskagans og upplysingar
um dhugaverda stadi.

[SOR litur & pad sem samfélagslega skyldu sina ad
koma pessum gognum & form sem nytist sem flestum
til frédleiks og skemmtunar og hyggst pvi halda afram
3 peirri braut sem morkud var med utgafu fyrsta
kortsins 4rid 2010. Hafin er vinna vid jardfraedikort af
nordurgosbeltinu og naer pad frd Oxarfirdi { nordri til
Fremrindma f sudri.

Afédrumkortlagningarverkefnumsemunninvoru2011ma
nefna ndkvaemniskortlagningu sprungna og jardlagaskila
3 Grauhnudkasvaedi fyrir Orkuveitu Reykjavikur, kort-
lagningu lausra jardlaga vegna Hdélmsarvirkjunar vid
Atley fyrir Landsvirkjun og Orkuséluna ehf. og samantekt
jardfraedi- og hoggunargagna sem safnad hefur verid
undanfarin 10 &r vegna virkjunarkosta { Nedri-Pjérsd
fyrir Landsvirkjun. Afram var haldid rannséknum 3
skriduhzttu undir Esjuhlidum fyrir Vedurstofu islands og
Haettumatsnefnd Reykjavikur.

[Z] 1100 000
Geological mapping

For several decades, specialists at Iceland GeoSurvey
have been involved in detailed geological mapping all
over Iceland for energy companies, municipalities and
other clients. Most of the maps are in the scale 1:25,000-
50,000, and have only been published in reports issued
to the clients and are therefore of limited access. They
include maps of bedrock geology, hydrogeology, super-
ficial deposits, geothermal activity and tectonics.

In the summer of 2070, Iceland GeoSurvey published
a geological map of southwest Iceland in the scale
1:100,000 for sale to the general public. Concomitantly,
some information about the geology and interesting
places of the Reykjanes Peninsula was set up on the
company web site. Iceland GeoSurvey intends to
continue publishing geological maps for the general
public, and has started work on a map of the Northern
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Neysluvatnsrannsdknir

Fitt af meginmarkmidum [SOR er ad veita faglega og
g6da radgjof 4 svidi vatnajardfredi. A drinu veittu
starfsmenn [SOR r3agjof vegna oflunar neysluvatns og
ferskvatns til ymissa nota vids vegar um land. Gerdar
voru tillogur um afmorkun vatnsverndarsveda og
umbaetur 4 vatnsveitum. Rannsdéknir voru gerdar vegna
mats & mengunarhaettu af voldum mannvirkjagerdar,
hitamengunar f grunnvatni, afkastagetu vatnstokusvaeda
og eftirliti med vatnsbdlum og neysluvatnsborholum var
sinnt ad vanda.

Skyrslu var skilad um eftirlit med sjéholum & Reykjanesi
arin 2006-2010 fyrir HS Orku hf. Um 8°C heitur
jardsjér ur 12 borholum er notadur til kaelingar fyrir
Reykjanesvirkjun. Heildarmagn ur pessum holum eru
um 4 m’/s sem er naestum eins og medalrennsli Ellidada.
Fylgst er vel med breytingum 3 hita vegna hitamengunar
fra virkjuninni og efnainnihaldi vegna affallsvokva sem
berst inn 4 sjotokusvaedid.

Umbhverfisrannsdknir

Skyrsla um grunnvatn vid Nesjavallavirkjun, sem unnin
var fyrir Orkuveitu Reykjavikur, kom Gt & drinu. [ henni
er heildaryfirlit yfir jardfredi og vatnafar svaedisins og
maelingar og breytingar sem hafa ordid d grunnvatnshita
fra 1990, pegar virkjunin ték til starfa, allt til arsins 2011.
Med mzelingum { borholum hefur verid fylgst med volgum
grunnvatnsstraumi sem teygt hefur sig fra virkjuninni ut
f Pingvallavatn .

Innraudar flugmyndir voru teknar af umhverfi Reykja-
nesvirkjunar sem voru, dsamt gégnum um snjébraedslu-
svaedi og hitamalingar { yfirbordi, notadar til pess ad
meta umhverfisahrif virkjunarinnar bzedi & landi og f
sjonum Uti fyrir. Hiti naest atfalli affallsvatnsins  sjé
er rimlega 30°C en hitadhrifa gaetir um 250 m Gt frd

strondinni.

Volcanic Zone, extending from Oxarfjérdur in the north
to Fremrindmar in the south.

Other mapping projects in 2011 include detailed mapping
of faults and stratigraphic boundaries in the Graduhnukar
area for Reykjavik Energy, mapping of superficial
deposits in connection with the Hélmsa hydroelectric
project at Atlaey for Landsvirkjun and Orkusalan ehf.,
and a compilation of geological and tectonic data that
have been gathered in the last 10 years for Landsvirkjun
in connection with possible hydroelectric projects in the
lower part of Thjérsd river. Research on avalanche threat
near the slopes of Esja for the Icelandic Meteorological
Office and the Reykjavik hazards evaluation committee
continued.

Research regarding freshwater

One of the main objectives of Iceland GeoSurvey is
to provide expert counseling regarding hydrological
geology. This year specialists at Iceland GeoSurvey
provided advice on the search for potable water and
freshwater for variable uses all over Iceland. Suggestions
were made for demarcation of water protection areas
and improvements of waterworks. Research was
conducted of pollution danger because of construction,
warming of groundwater, capacity of water retraction
areas and monitoring of aquifers and freshwater wells.

Environmental research

A report about groundwater near Nesjavellir Geothermal
Plant, prepared for Reykjavik Energy, was published this
year. This report contains an overview of the geology and
hydrology of the area and measurements performed,
and changes in groundwater temperature that have
occurred since the plant started operation in 1990 until
2011. By measurements in wells, the changes in a warm
groundwater flow from the plant into lake Thingvallavatn
have been monitored.

Infrared aerial photography of the neighborhood of the
Reykjanes Geothermal Plant, along with data on snow
melting and surface temperature, has been used to
estimate the environmental impact of the plant, both
on land and in the sea. The temperature of the sea next
to the effluent channel is just over 30°C, and heating is
detected up to 250 m from the coast.



Borholujardfraedi

Litid var um hahitaboranir 2011 og gafst pvf gott tém
til pess ad sinna udrvinnsluverkefnum og rannséknum
3 borgégnum sem safnast hafa um langt drabil. Fela
bau m.a. f sér ndkvaema drvinnslu jardlaga med punn-
sneidaskodun, ummyndunargreiningum og samanburdi
milli holna. prir sérfraedingar ISOR { borholujardfraedi luku
vid rannsoknarverkefni sem peir hafa unnid ad vegna
meistarapréfs vid Héskdla (slands og vérdu ritgerdir
sinar & arinu. Verkefni peirra allra fjalla um rannsdknir &
jardlogum, innskotum, ummyndun og vatnsaedum f bor-
holum & sudurhluta Hengilssvaedisins auk sérverkefna
um jardhitaummyndun og ummyndunarsteindir.

Skyrslu var skilad til Orkustofnunar og Orkuveitu Reykja-
vikur um rannséknir 3 edliseiginleikum madbergstuffs en
moberg er algengasta bergtegundin f gosbeltum landsins
og hafa eiginleikar pess mikil dhrif 3 grunnvatns- og jard-
hitakerfin sem par eru. Eiginleikar mébergsins breytast
med aukinni ummyndun og fiallar skyrslan um samband
ummyndunar og efnaflutninga f taffinu.

Jardhitaleit

A rinu var unnid vid jardhitaleit vida um land ad vanda
og veitt radgjof um &flun & heitu vatni fyrir stéra sem
smda. Lokid var vid yfirgripsmikla skyrslu um yfirbords-
jardhita  Hrunamannahreppi par sem lyst er &llum
bekktum jardhitastédum f byggd og leiddar Itkur ad pvf
ad uppstreymi tengist sprungurein sem rekja ma eftir
endilongum hreppnum upp f Kerlingarfjéll.

Hefdbundnu eftirliti var sinnt fyrir hitaveitur, svo sem
Orkuveitu Husavikur, Nordurorku, Hitaveitu Skagafjardar,
Hitaveitu Egilsstada, Hitaveitu Siglufjardar, Bléndudss og
Dalvikur, Selfossveitur o.fl. Fylgst var med efnasam-
setningu jardhitavokva og gufu dr holum vids vegar um
land, baedi ldghita og hahita.

Fjélpjédleg samstarfsverkefni

A 3rinu héfst vinna vid samstarfsverkefni niu jardfraedi-
stofnanarikja f Nordur-Evrépu um Uttekt & jardfraedilegri
gerd Nordaustur-Atlantshafs (NAG-TEC). Verkefnid er
til priggja dra og mun leida til Utgafu kortabdkar um
jaréfraedi svaedisins dsamt stafraenum gagnagrunni.

[SOR tekur einnig patt  evrépsku rannséknarverkefni,
Thermomap, sem snyst um ad afla og samraema land-
upplysingar til ad segja til um moguleika & varmavinnslu
ur efstu metrum jardgrunns. Verkefninu lykur &rid 2013.

Kvordud og flokkud hitainnraud loftmynd fra
jardhitasvaedinu & Reykjanesi.

Calibrated and classified Thermal Infrared (TIR) image
showing the Reykjanes geothermal area.

Borehole geology

As high-temperature geothermal drilling was limited,
significant time could be spent on projects related to
drilling samples and data that have be acquired over the
years. As an example, these projects involve detailed
study of stratigraphy by inspection of thin sections,
analysis of alteration and a comparison between wells.
Three of Iceland GeoSurvey’s borehole geologists finished
their M.Sc. degree research projects and successfully
defended their theses at the University of Iceland. In all
cases, the projects deal with research on stratigraphy,
intrusions, alteration and feed zones in wells in the
southern part of the Hengill area, in addition to special
projects on geothermal alteration and alteration
mineralogy.

A finished report on the petrophysical properties of
hyaloclastite tuffs was handed over to the National
Energy Authority and Reykjavik Energy. Hyaloclastites
are the most common type of rock in the volcanic zones
in Iceland and their properties have substantial influence
on the groundwater and geothermal systems which
they host. The properties of the hyaloclastites change
with increasing alteration and the report explains the
connection between alteration and chemical transfer in
the tuffs.

Geothermal exploration

As in earlier years, geothermal exploration was carried
out all over Iceland and counseling on the search for
hot water was provided to small and large clients. An
extensive report was published on surface geothermal
activity in Hrunamannahreppur, where all known local-
ities of geothermal activity in populated areas are
described, and it is proposed that geothermal upwelling
is related to a fissure swarm that can be traced across
the district up to Kerlingarfjoll mountains.

Customary monitoring was managed for district heating
services, such as Orkuveita Husavikur, Nordurorka,
Hitaveita Skagafjardar, Hitaveita Egilstada, Hitaveita
Siglufjardar, Bléndudss og Dalvikur, and Selfossveitur,
to name a few. The chemistry of geothermal water and
steam from wells all over the country, both low- and
high-temperature wells, was monitored.

International collaboration

This year saw the start of a cooperative project of nine
national geological surveys in northern Europe that
deals with the geological composition of the Northeast
Atlantic (NAG-TEC). The project is for three years and will
be followed by the publication of an atlas of the geology
of the region along with a digital data base.

Iceland GeoSurvey will also participate in a European
research project, Thermomap, which aims to obtain and
harmonize geographical information in order to assess
the prospects for harnessing heat from the uppermost
meters of superficial deposits. This project will end in
2013.
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beistareykir

Yfirbordsrannsdknir

Vidndmsmaelingar

byngdarmzlingar
Grunnvatnsrannséknir
Smdskjdlftameelingar

Likangerd af jardhitakerfinu

Hita- og prystimaelingar { borholum
Eftirlits- og rddgjafarhlutverk vid borun
hdhitaholna d svaedinu

Case Study

Surface research

Resistivity measurements

Gravimetry

Groundwater research

Microquake measurements

Modeling of the geothermal reservoir
Temperature and pressure measurements in wells
Monitoring and consulting during the drilling

of high-temperature wells in the area
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Rannsoknarboranir vegna dforma um nytingu jardhita-
kerfisins & Ppeistareykjum til raforkuframleidslu héfust
arid 2002. Fram til drsins 2008 voru boradar par sex
holur auk Utdrborunar ur einni holu. Eftir hlé { borunum
arin 2008-2010 héfust paer & ny sidastlidid sumar pegar
holur bG-7 og PG-8 voru boradar.

Starfsmenn [SOR unnu ad ymsum rannsdknarverkefnum
3 beistareykjum & arinu fyrir Peistareyki ehf. bar var m.a
fyllt f eydur jardfredikorts af svaedinu og sérstok ahersla
16gd 4 ad skoda og kortleggja héggun 4 vesturhlutanum
og aldur hrauna og annarra jardmyndana.

Unnid var ad umfangsmiklu alagsprofi & jardhitakerfid
par sem holur voru latnar bldsa og peim sidan lokad og

Exploration drilling for the prospective exploitation of the
Theistareykir geothermal field for electricity production
started in 2002. Until 2008 six wells were drilled in
addition to the side-tracking of one well. After a pause in
the years 2008-2010, drilling started again last summer
when wells PG-7 and PG-8 were drilled.

Specialists at Iceland GeoSurvey worked on a number of
research projects at Theistareykir in 2011. This includes
filling gaps in the geological map of the area, with special
emphasis on mapping tectonics in the western part and
dating lavas and other geological formations.

An extensive interference test of the geothermal
reservoir has been performed, where wells were opened
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Yfrlitsmynd af holum &
peistareykjum. Holuferlar skdboradra
holna eru syndir med raudu. Mikil
jarghitaummyndun er synd med
bleiku en minni med gulu. Hverir eru
merktir med raudum prihyrningum. g

Overview of wells at Theistareykir.

Red lines indicate directionally drilled
wells. Pink and yellow denote extensive
and lesser amounts of geothermal i
alteration at the surface, respectively.
Red triangles indicate hot springs.

fylgst med hita og prystingi f beim. Alagspréfinu er =tlad
ad veita frekari upplysingar um vidbrégd jardhitakerfisins
vid vinnsludlagi og um eiginleika holna & svaedinu. Enn-
fremur nytist alagspréfid til ad dkvarda eiginleika inn-
streymisaeda borholna med Iikanreikningum og stydur
nidurstodur prepapréfana sem gerdar voru ( lok borana.
Alagspréhd hefur stadid fra 2010 og pvi lykur & midju &ri
2012. Samhlida alagsprofi voru tekin syni af vatni, gasi
og gufu ur holunum 43ur en peim var lokad. A grundvelli
efnagreininga var djuphitijardhitakerfisins metinn a bilinu
270-290°C. Vokvinn { holunum er steinefnasnaudur
og sudureikningar syna ad litil haetta virdist & myndun
utfellinga vid vinnslu. Greiningar 4 samsaetum vetnis
og surefnis benda til ad vékvinn sé gamall og langt ad
runninn Ur sudri.

Sumarid 2011 féru fram vidndmsmaelingar par sem
fyllt var 1 eydur frd fyrri drum. Unnid er ad drvinnslu
malinganna og uppsetningu & prividu vidnamslikani.
Er gert rdd fyrir ad pannig ndist heildsted mynd af
vidndmsgerd jardhitakerfisins sem hjalpi til vid ad bzeta
stadsetningu naestu borholna 3 svaedinu.

[SOR vann  samvinnu vid Jardvisindastofnun Haskdla
islands ad umfangsmiklum land- og pyngdarmaelingum
3 beistareykjum sumarid 2011. Lagdur var grunnur ad
landmeelinganeti sem notad verdur til ad fylgjast med
land- og pyngdarbreytingum & svaedinu. GPS-maelingar
varpa ljési & almennar landhreyfingar og b4 hugsanlega 4
landsig sem getur ordid vegna vinnslu jardhita. Pyngdar-
meelingar, sem eru gerdar & sému stédum og GPS-
meelingar, md leidrétta vegna ahrifa haedarbreytinga og
maelingarnar md nota til ad meta massabreytingar sem
verda vegna vinnslu ur jardhitakerfinu.

Samhlida borun tveggja hahitaholna 4 beistareykjum
sumarid og haustid 2011 setti [SOR upp net fimm skjalfta-
maela i peim tilgangi ad fylgjast med skjalftum sem gaetu
myndast vid borun holnanna, svo sem pegar =dar eru
skornar og prystifall verdur, eda vid ddeelingarprof.
Skjélftamaelarnir voru sérstaklega utbunir til ad nema
mjog litla skjdlfta og er talid liklegt ad med peim megi
stadsetja sprungur i jardhitakerfinu.

Unnid er ad gerd jardfraedilikans af jardhitakerfinu 3
peistareykjum. Ollum gégnum sem til verda vid rann-
séknir & svaedinu, hvort sem er & yfirbordi eda fborholum,
er komid fyrir f likaninu og er til pess notadur PETREL-
hugbuinadur. Med honum er sidan haegt ad skoda og
samtulka pessi mismunandi gogn og skoda f prividd.
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for discharge and then closed while temperature and
pressure were being monitored. The interference test
is meant to give information about the response of the
geothermal system to production and the properties of
the wells in the area. It also can be used in modeling by
determining the properties of feed zones in the wells,
and helps in interpreting the results of injectivity tests
that were performed when drilling of individual wells
ended. The interference test has lasted since 2010 and
will end in the middle of 2012. In conjunction with the
test, before the wells were closed, samples of water, gas
and steam were collected. On the basis of chemistry,
the deep-system temperature is estimated to be 270-
290°C.

In the summer of 2011 resistivity was measured to fill
gaps in our knowledge about the area. Processing will
be done in 2012, when all resistivity measurements
from Theistareykir will be interpreted in a 3-D model.
The expectation is that this will lead to a more complete
picture of resistivity in the geothermal system, and will
help in the siting of new wells.

In collaboration with the Institute of Earth Sciences at
the University of Iceland, Iceland GeoSurvey worked on a
wide-ranging GPS survey and gravimetric measurements
in the summer of 2011. Hence, a survey network, which
will be used to monitor crustal deformation in the region,
was established. GPS measurements reveal general
movements of the crust, including possible subsidence
caused by geothermal production. Gravimetric
measurements can be corrected for changes in elevation
and used for estimating the mass changes caused by
extraction from the geothermal reservoir.

Alongside the drilling of two high-temperature wells at
Theistareykir in the summer and autumn of 2011, Iceland
GeoSurvey put in place a network of five seismometers
with the aim of monitoring earthquakes that could be
caused by the drilling of the wells, such as when pressure
when feed zones were penetrated or during injectivity
tests. As the seismometers specially equipped to detect
very small earthquakes, it is likely that they can be used
to locate fractures in the geothermal system.

Iceland GeoSuvey has been working on a geological
model for the geothermal system at Theistareykir for
some time. All data collected as a part of the research
of the area, both from the surface and in wells, are used
as an input in the model. The PETREL software, which is
being used for this purpose, then permits a 3-D view and
inspection and interpretation of different data together.
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Gerdar voru TEM- og MT-maelingar vid Eyjafjallajokul
sidastlidid sumar f samvinnu vid hdskslann  Dyflinni 3
(rlandi. betta var fyrsta skrefid f 4ttina ad pvf ad kanna
hvort visndmsmaelingar geti gefid visbendingar um kviku
oghugsanlegeldsumbrot & pessusvaedi. Frumnidurstodur
hafa verid birtar. Med pessari samvinnu gafst starfsfélki
[SOR jafnframt taekifaeri til pess ad fylgjast med hvernig
einn virtasti skéli heims { pessum fraedum ber sig ad vid
framkvaemd MT-maelinga, Urvinnslu og tulkun peirra.

TEM and MT measurements were conducted at Eyja-
flallajokull last summer in collaboration with Dublin
University, Ireland. This is a first step in resolving whether
resistivity measurements can yield evidence for magma
and determining the potential for volcanic activity in the
area. Preliminary findings have already been published.
This collaborative work also gave specialists at Iceland
GeoSurvey the opportunity to observe how acquisition,
processing and interpretation of MT data are performed
at one of the leading universities in the world.



Yfirbordsjardedlisfraedi

Vidndmsmzelingar eru ein helsta adferdin sem beitt er
vid jardhitaleit og afmérkun jardhitakerfa. Heldur minna
var malt 4 fslandi 4 drinu en undanfarin 4r. Gerdar voru
13 TEM-mzelingar og 52 MT-maelingar 4 Nordausturlandi,
vid Namafjall og 4 peistareykjum. b3 voru gerdar 16 MT-
maelingar vid Hagongur 4 vegum Landsvirkjunar og gefin
Ut skyrsla med nidurstédum mzelinganna.

Undanfarid hefur ISOR unnid ad pvi ad koma upp
hugbunadi til prividrar tulkunar MT-maelinga en paer hafa
verid tulkadar einvitt hér & landi hingad til. [ prividri tlkun
er leitad uppi eitt vidnamslikan fyrir allt maelisvaedid sem
getur Utskyrt nidurstédur allra MT-maeliferla vidkomandi
svadis. [ einvidri tdlkun breytist vidnam einvérdungu
med dypi undir melistad og eru vidnamslikénin
jafnmorg maelingum. Sidan er briad & milli til pess ad fa
fram eitt vidnamslikan af svaedinu. brivid tulkun er mun
areidanlegri og raunsannari og dregur fram ymsa smaerri
dreetti vidndmsdreifingarinnar mun betur en einvid
tulkun gerir. bessum nyja hugbunadi var fyrst beitt hér
4 landi & hahitasvaedinu { Hengli. A pessu 4ri voru MT-
maelingar frd Krysuvik og Reykjanesi tdlkadar brivitt
med pessum hugbunadi og gifu géda raun. TEM- og
MT-mzelingar voru gerdar vid Eyjafjallajokul sidastlidid
sumar { samvinnu vid hdskélann  Dyflinni & Irlandi.
betta var fyrsta skrefid { 3ttina ad pvi ad kanna hvort
vidndmsmaelingar geti gefid visbendingar um kviku og
hugsanleg eldsumbrot & pessu svaedi.

Vigndm 1 Krysuvik 3@ mismunandi dypi m.v. sjavarmal. Efri
brjar myndirnar syna nidurstodur einvidrar tdlkunar maelinga
og paer prjdr nedri nidurstoédur prividrar tulkunar 4 sama
dypi. Privid tulkun gefur mun betur til kynna smaerri draettti
vidnamsdreifingarinnar og er areidanlegri.

Surface geophysics

Resistivity measurements are among the most important
methods in geothermal exploration and in defining
reservoir boundaries. In 2011 fewer measurements
were performed than in the previous years. In northeast
Iceland, at Ndmafjall and Theistareykir, 13 TEM and 52 MT
measurements were performed. There were also 16 MT
measurements at Hagongur for Landsvirkjun, followed
by the publication of a report on the results.

Recently, Iceland GeoSurvey has been installing soft-
ware for 3-D interpretation of MT measurements, but
1-D interpretation has been applied until now. In 3-D
interpretation a single resistivity model, which fits all the
MT measurement profiles, is sought for the whole survey
area. In 1-D interpretation resistivity only changes with
depth beneath a measurement station and the resistivity
models are as many as the measurements. Then, a single
resistivity model is attained by interpolation. Three-D
interpretation is considerably more reliable and realistic,
and reproduces detailsin the resistivity distribution much
better than 1-D interpretation. The new software was
first used on data from the Hengill geothermal field, and
in 2011 MT measurements from Krysuvik and Reykjanes
were interpreted in 3-D using this software with fine
results. TEM and MT measurements were conducted at
Eyjafjallajekull last summer in collaboration with Dublin
University, Ireland. This is a first step in resolving whether
resistivity measurements can yield evidence for magma
and determining the potential for volcanic activity in the
area.

Resistivity in the Krysuvik area at different depths relative to
sea level. The upper and lower panels depict the results of 1-D
and 3-Dinterpretation of measurements, respectively. The 3-D
interpretation yields a considerably more detailed view of the
resistivity distribution and is more reliable.
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Jardedlisfraedingur
vid vidndmsmaelingar

Geophysicist
conducting resistivity
measurements in

Umfang jardedlisfredilegra verkefna erlendis var
téluvert &rid 2011, einkum pé 3 svidi visnamsmaelinga.
Um vorid voru gerdar 65 MT-maelingar f Slatina-héradi i
austurhluta Krdatfu og gefin 0t skyrsla med nidurstodum
ogsamanburdividadrarathuganir. Maelingarnarférufram
3 vegum verkfraedistofunnar EFLU og voru hluti af rann-
sékn jardhitasvaedisins. Atlunin er ad nyta jardhitann til
rafmagnsframleidsiu pegar fram i3a stundir. [SOR hafdi
umsjén med framkvaemd vidnamsmeelinga 3 tveimur
jardhitasvaedunum fChile, Olca og Irruputuncu. Unnid var
ur maelingunum hj [SOR og paer tulkadar ein- og privitt.
A grundvelli beirra voru gerdar tillégur um stadsetningu
borholna & svaedunum. [SOR vann tvivida tulkun ur
65 MT-maelingum frd Parzarlar { Tyrklandi og skrifadi
matsskyrslu um samskonar vinnu fra 6dru fyrirtzeki og
bar saman nidurstoédur. betta verkefni var gert ad beidni
verkfraedistofunnar EFLU. A 3rinu vann ISOR einnig ad
radgjof vegna jardedlisfreedirannsékna 4 tveimur 6drum
jardhitasvaedum  Tyrklandi, Salihli og Buldan, 4 vegum
Rarik-Turkison.

Jardskjdlftarannsoknir

Umfang jardskjdlftarannsdékna 4 jardhitasvaedum hefur
farid vaxandi undanfarid en paer gefa nyja innsyn f
gerd og edli jardhitakerfa. Slikar rannséknir voru m.a.
stundadar  Kroflu, Hengli og & Reykjanesi og f tengslum
vid verkefni styrkt af GEORG og Evrépusambandinu.
[SOR veitir radgjof vegna jardskjalfta sem fram koma
vid nidurdzelingu f jardhitakerfi og 4 seeti f styrihép sem
motar tillégur um vidbrogd vid jardskjalftum vegna
nidurdeelingar vid Hellisheidarvirkjun fyrir Orkuveitu
Reykjavikur.

pd voru gerdar GPS-landmaelingar og pyngdarmaelingar
3 beistareykjasvaedinu fyrir beistareyki ehf. i samvinnu
Vi Haskola [slands. Alls var komid upp 53 malistédvum
til pyngdarmzelinga. Tilgangurinn er ad geta fylgst med
edlismassabreytingum & svadinu, sem er grunnur fyrir
eftirlit med breytingum fjardhitakerfinu { framtidinni. p3
var unnid ur slfkum maelingum af Reykjanesskaganum f
tengslum vid verkefni styrkt af GEORG.

>

{Kréatfu.

Croatia.

The scale of geophysical projects abroad was
considerable in 2011, especially in the field of resistivity
measurements. In the spring, 65 MT measurements were
conducted in the Slatina district in the eastern part of
Croatia. This was followed by the publication of a report
on the results and a comparison with other research
in the area. The engineering firm EFLA oversaw the
measurements, which were a part of an exploration of
the geothermal field. In the future, the intention is to use
the geothermal energy for electricity production. Iceland
GeoSurvey was in charge of resistivity measurements at
two geothermal fields in Chile, Olca and Irruputuncu. The
data were processed at Iceland GeoSurvey where 1-D
and 3-Dinterpretation was applied. Based on the results,
recommendations were made for the locations of wells
in the fields. Iceland GeoSurvey did a 2-D interpretation
of 65 MT measurements from Parzarlar in Turkey, and
wrote an evaluation report on a similar survey conducted
by another company and compared the results. This
project was done at the request of the engineering firm
EFLA. During the year Iceland GeoSurvey also counseled
Rarik-Turkison on two other geothermal fields in Turkey,
Salihli and Buldan.

Seismology research

The amount of research in seismology, which provides
news insights into the structure and properties of
geothermal systems, has been growing. This type of
research was conducted, for example, at Krafla, Hengill
and Reykjanes in connection with projects supported
by GEORG and the EU. Iceland GeoSurvey gives advice
regarding seismicity produced by injection into
geothermal systems, and has a member in a committee
that makes recommendations to Reykjavik Energy for
a response to seismicity caused by reinjection near the
Hellisheidi Power Plant.

Additionally, in the Theistareykir area, a geophysical
survey was conducted in cooperation with the University
of Iceland using GPS and gravimetric measurements for
Theistareykir ehf. Atotal of 53 measurement stations was
set up and used for the gravimetry survey. The purpose is
to monitor density changes in the area, which will be the
basis for the monitoring of changes in the geothermal
reservoir in the future. Such data from the Reykjanes
Peninsula were also being processed in connection with
a project supported financially by GEORG.

Reservoir physics

Measurements in connection with discharge tests of
the deep drilling well at Krafla, IDDP-1, were processed
and interpreted, and processing of geophysical logs
continued and the results were interpreted along with
other measurement data. Regularly scheduled tempera-
ture and pressure measurements in selected wells in
active Icelandic high-temperature fields were being
processed to monitor the response to exploitation. Such
monitoring is the key to a beneficial long-term utilization
of the fields.

The revision of a detailed computational model for the
geothermal system at Ndmafjall continued, among
other things, based on new well data from the area. An
interim report on the project was published during the
year. Along with the engineering firm Vatnaskil, Iceland
GeoSurvey was also involved in the development of a



Fordafraedi

A 3rinu var unnid ad drvinnslu og tulkun mazlinga
tengdum blasturspréfunum djupborunarholunnar IDDP-
11 Kréflu og haldid afram drvinnslu s.k. jardlagameaelinga
ur borholum og samtulkun peirra med 68rum maeligdgn-
um. P3d var unnid vid Urvinnslu reglulegra hita- og
brystingsmaelinga, sem eru gerdar { voldum borholum &
beim hdhitasveedum landsins sem eru f nytingu, til eftir-
lits med vidbrégdum beirra vid nytingunni. Slikt eftirlit er
lykillinn ad farszelli langtimanytingu svaedanna.

P3d var haldid dfram vinnu vid endurgerd ndkvaems
reiknilikans af jardhitakerfinu f Namafjalli, sem byggdist
m.a. d nyjum borholugdgnum af svaedinu, og var skilad
4fangaskyrslu um verkefnid & arinu. Einnig kom ISOR a8
gerd sliks Ifkans fyrir jardhitakerfid & beistareykjum med
Verkfraedistofunni Vatnaskilum og var gefin Ut dfanga-
skyrsla fpviverkefni. Ad lokum md nefna verkefnistyrkt af
GEORG, sem ISOR er { forsvari fyrir, og snyr ad samtulkun
hefdbundinna fordafraedigagna og gagna sem safnad er
3 yfirbordi, einkum landhaedar- og pyngdarmeeligagna,
med ndkveemum likanreikningum.

Erlend fordafrediverkefni voru évenju umfangsmikil &
arinu 2011. Md par nefna vinnu tengda mati 4 afkastagetu
jardhitakerfis f Ortaklar  Tyrklandi, badi beina adkomu
ad melingum og Urvinnslu gagna, og Uttekt 3 jard-
hitakerfinu i Momotombo { Nikaragva. Umfangsmesta
verkefnid er pé allsherjaruttekt & jardhitakerfinu f Olkaria
i Kenfa, sem unnid er { samvinnu [SOR, Vatnaskila,
Verkiss og Mannvits, fyrir KenGen. Verkefnid hlaut sam-
steypa pessara fyrirtaekja f kjlfar alpjodlegs utbods par
sem keppt var vid allra staerstu adilana & heimsvisu 3
vidkomandi svidi. Pad felst i endurskodun svokallads
hugmyndalikans & grundvelli yfrgripsmikilla, jard-
visindalegra gagna, uppsetningu nakvaems reiknilikans
af jardhitakerfinu, mati & afkastagetu pess, tillsgum um
framtidarrekstur auk taeknilegrar Uttektar & nuverandi
virkjunum, hagkveemnismati nyrra virkjana og mati 3
umhverfisahrifum. Verkefninu lykur @ midju dri 2012.

b3 hefur [SOR komid 4fram ad umraedunni um sjalfbera
nytingu jardhitans, baedi { gegnum alpjédlegt samstarf
(IEA-GIA) og vinnu fyrir Orkustofnun og Rammadztlun,
auk pess ad vera radgjafi par ad lutandi fyrir innlend og
erlend orkufyrirtaeki.

Hugmyndalikan af jardhitakerfi Olkaria { Kenfa.
Conceptual model of the Olkaria geothermal system in Kenya.

similar model for the geothermal system at Theistareykir.
An interim report was also published for this project.
Moreover, Iceland GeoSurvey led a project supported
by GEORG, involving the combined interpretation and
detailed modeling of conventional reservoir physics data
and data collected at the surface, primarily elevation and
gravimetric measurements.

Foreign reservoir physics projects were unusually
substantial in 2071. This includes an evaluation of the
production capacity of the Ortaklar geothermal system
in Turkey, both direct involvement in measurements
and also processing of data, and an appraisal of the
Momotombo geothermal system in Nicaragua. However,
the most extensive project was a complete evaluation
for KenGen of the Olkaria geothermal system in Kenya,
a collaborative project of Iceland GeoSurvey, Vatnaskil,
Verkis and Mannvit. This group of companies was
selected for the project after an international auction
where all the largest companies in the field competed
for the contract. The project involves a revision of the
so-called conceptual model based on an expansive set
of geoscientific data; preparation of a detailed com-
putational model of the geothermal reservoir; evalu-
ation of the production capacity; proposals for future
operation, in addition to a technical assessment of the
present power plants; assessment of the economics of
new power plants; and evaluation of environmental im-
pact. The project will be completed in the middle of 2012.

Iceland GeoSurvey continues to take part in the dialogue
about sustainable use of geothermal energy, both
through international cooperation (IEA-GIA) and in its
work for the National Energy Authority and the Master
Plan for Geothermal and Hydropower Development in
Iceland, as well as by being an advisor to domestic and
foreign energy companies in this sphere.

* Dapth (ma.sl)
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Ldghitarannsdknir

ISOR leggur mikla dherslu 4 ad sinna laghitarannséknum
og kemur reglulega ad slikum rannséknum og pjénustu
vid pau fyrirtzeki, adallega hitaveitur, sem nyta hin fjél-
margu ldghitasvaedilandsins. Fastur pattur { bvfer forda-
og efnafraedilegt eftirlit med fjolmorgum laghitasvaedum
{ samvinnu vid bd hitaveitu sem nytir vidkomandi
svaedi. [SOR sinnir einnig ymsum tilfallandi verkefnum
tengdum stadsetningu nyrra vinnsluholna og frekari
jardhitaleit, préfunum nyrra holna og jardhitakerfa
vegna breytinga f rekstri, Uttektum 3 afkastagetu, sem
oft byggist & einfoldum lfkanreikningum, og ymis konar
nidurdaelingarrannséknum.

Audlindir hafsbotns

Landgrunns- og hafsbotnsrannsdknir eru stundadar
afram hjd ISOR fyrir utanrikisrdduneytid, baedi vegna
afmérkunar landgrunns Islands og olfuleitar.

Fiolpjédlegu verkefni sem kallast NAGTEC var hleypt af
stokkunum fjunf 2011. Petta er samstarfsverkefni jard-
freedistofnana niu rikja i N-Evrépu og felst f uttekt &
jardfraedilegri gerd Nordaustur-Atlantshafsins. Verkid
er kostad med styrkjum fra olfuleitarfyrirtaekjum & mati
helmingsframlagi jaréfraedistofnananna. Verkefnid er til
briggja dra og 4 ad ljuka 2014. b3 4 ad liggja fyrir kortabdk
af svaedinu dsamt stafraeenum gagnagrunni.

Tilgangur verkefnisins er ad draga saman pa bekkingu sem
aflad hefur verid & sfdustu drum og dratugum, samraema
hana og setja skipulega fram baedi & myndraenan hatt
3 kortum og stafreent i jardfraedilegum gagnagrunnum.
Avinningurinn af pessu verkefni er margpattur, badi
freedilegur og hagnytur. A hinu fredilega svidi faest aukin
bekking & jardsogulegri préun Nordaustur-Atlantshafs,
opnun svadisins, rekhrada og stefnu, eldvirkninni
sem bar hefur ordid, pbréun setmyndunar, d segulsvidi,
byngdarsvidi, jardefnafraedi og hitafledi jardskorpunnar.
A hinu hagkvaema svidi fest pekking 3 hugsanlegum
audlindum og nytingu beirra. Par ber haest spurninguna
um oliu- og gaslindir & hafsbotni og Itkur & olfusvaedum
{ fslenskri 16gsogu. Einnig m3 nefna sterkari tengsl vid
olfuidnadinn til kynningar 3 fslenskum hafsvaedum og
styrkari st6du  hafréttarmalum, til deemis & Hatton-
Rockall svaedinu. Sfdast en ekki sist fest adgengi ad
upplysingum og nidurstodum verkefnisins.

Low-temperature geothermal research

Iceland GeoSurvey emphasizes research related to low-
temperature geothermal systems, and is frequently
involved in such research and provides services to
the companies that use the large number of low-
temperature systems in Iceland, mainly district heating
services. A recurring part of this is reservoir monitoring
and chemical monitoring of the many low-temperature
fields in collaboration with the district heating services
in question. Iceland GeoSurvey also attends to irregular
projects, such as siting of new production wells and
continuing exploration; the testing of new wells and
geothermal reservoirs in conjunction with operational
changes; capacity evaluations, often based on simple
model calculations; and various reinjection studies.

Marine geophysics

At the request of the ministry of foreign affairs, research
of the continental shelf and the ocean floor continued at
Iceland GeoSurvey in connection with the demarcation
the shelfaroundlIceland and the search for hydrocarbons.

The multinational project NAGTEC was initiated in June
2011. This collaborative project of the geological surveys
of nine countries in Northern Europe involves a review
of the geological structure of the Northeast Atlantic. The
project is for three years and will be finished in 2014 with
a publication of an atlas for the area along with a digital
data base.

The intention is to review the information that has
already been gathered in the preceding years and
decades, harmonize it and display it in a systematical
manner, both graphically with maps and in a digital
format in a geological data base. The benefits of this
project are multifarious, both theoretical and tangible.
Academically, more information on the geological
development of the Northeast Atlantic will be gained,
including the rifting of the region, spreading rate
and direction, and the volcanism that has occurred.
Moreover, knowledge about sedimentation, rock
magnetism, gravity anomalies, geochemistry and crustal
heat flow will be improved. The practical gains include
information about possible natural resources and their
potential for exploitation, including the possibility of oil
and gas resources within the Icelandic economic zone.
For Iceland this could also result in stronger connections
with the petroleum industry for introducing the Icelandic
ocean territory, and a stronger position with regard to
the international law of the sea, for instance in the
Hatton-Rockall area. Last but not least, this will provide
access to the information and results of the project,
which will only be accessible to the participants and
sponsors of the project for the first two years. It would
be disadvantageous for Icelandic interests if, unlike the
neighboring countries and oil companies, Icelanders did
not have this information.

|

Utlinur svaedisins sem kortlagt verdur { NAGTEC-verkefninu.
The NAGTEC region.
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[SOR gerdi samning vid sjérnvéld 4 eyjunni Déminfku f
Karfbahafi umjardhitarannscéknir d drinu. betta erufyrstu
rannscknarboranir & eyjunni en jardhiti par hefur verid
rannsakadur talsvert og eru miklar vonir bundnar vid
ad haegt verdi ad nyta hann. Gert er rad fyrir ad boradar
verdi prjar holur en Jardboranir sjd um borun holnanna.
{[SOR s& um ad hanna borholurnar, sinnir umhverfis-
eftirliti, jardfraediradgjof i tengslum vid borunina og
borholumzlingum. P4 munu sérfredingar [SOR einnig
meta afkést holnanna og rannsaka efnafraedilega
eiginleika jardhitavokva og gufu i peim. ISOR sendi
séritbdinn maelingabil og feeranlega rannséknarstofu
til pessara verkefna. betta er f fyrsta sinn sem slikur
bunadur er sendur utan.

In 2011 Iceland GeoSurvey signed an agreement with
the government of Dominica to conduct research in
connection with geothermal drilling. While this is the first
exploration drilling in Dominica, considerable research
has already been dedicated to geothermal energy on
the island and there are hopeful signs that it can be
harnessed. Plans call for three wells, with Iceland Drilling
in charge of the drilling. Iceland GeoSurvey designs the
wells, conducts environmental monitoring, and provides
geological consultation and logging services during
the drilling. In addition, Iceland GeoSurvey experts will
perform discharge measurements and investigate the
chemical properties of the geothermal liquid and steam.
Iceland GeoSurvey shipped one of its specially-equipped
logging trucks and a portable laboratory to Dominica
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Déminfka er virk eldfjallaeyja og bar er umtalsverdan
jardhita ad finna 3 yfirbordi. Stér hluti rafmagns eyja-
skeggja, sem eru um 70 pusund, er framleiddur med
dfsilvélum en 20-30% kemur fra vatnsafli. Miklar vonir
eru bundnar vid borunina en heimamenn vona ad f
framtidinni verdi jardhiti nyttur til rafmagnsframleidslu
f stad disilrafstédva.

Verkefnid er fldrmagnad af Ppréunarsjédi Evrépu-
sambandsins (EDF) og préunarsjédi Frakklands (AFD) auk
yfirvalda 4 Déminfku.

Grannar rannsdéknarholur

Ahugi & ad bora grannar rannséknarholur hefur farid
vaxandi & undanférnum drum, medal annars par sem
upphafskostnadur og umhverfiséhrif eru minni. Notadir
eru minni jardborar og par af leidandi verdur skolvokvi
einnig minni. [SOR vann a8 undirbuningi tveggja erlendra
borverkaparsemboradarverdagrannarrannsdéknarholur.
[ Chile verdur borad med svonefndum kjarnabor.
Borrddgjof var veitt & stadnum og gagnaséfnunarkerfi
komid fyrir 4 bornum. [ Déminfku hannadi ISOR borholu
sem var nokkud vidari en i Chile og getur pvi svarad
fleiri spurningum um edli jardahitasvaedisins. Einnig var
hannadur afkastamaelibtinadur sem var smidadur hér 3
landi.

Rddgjof

Unnid var fyrir bréunarsamvinnustofnun ad samantekt
3 upplysingum um stédu jardhitamdla { Austur-Afriku,
m.a. hvada alpjédlegar stofnanir og fyrirtaeki eru patt-
takendur ( uppbyggingu jardhita 3 pessu svaedi og hvada
verkefni hafa verid unnin f einstokum londum. Einnig
var safnad upplysingar um taeki og mannafla sem I6ndin
hafa yfir ad rdda. Med vefadgangi ad gagnagrunni sem

bréadur hefur verid hja [SOR er =tlunin ad gognin verdi
opin almenningi og uppfeerd reglulega.

[SOR t6k patt f samstarfsverkefni opinberra adila f Noregi
og 4 Indlandi sem midar ad nytingu jardhita i nord-
vesturhluta Indlands (Himalaya). Farin var vettvangsferd
3 nokkur jardhitasvaedi og kannadir moguleikar 3 frekari
nytingu en til pessa hefur jardhiti & Indlandi ndnast
eingdngu verid nyttur {béd af ymsu tagi. Gert er rad fyrir
dframhaldandi patttsku [SOR  pessu samstarfi med styrk
Ur norska Rannséknarsjédnum.

R4dgjof var veitt vid borundirblning f Rianda vardandi
fyrstu jardhitaholur sem boradar verda f landinu.

for this project, but this was the first time that such
equipment is sent out of Iceland.

Dominica is a volcanically active island with significant
geothermal activity at the surface. The population of
the island is about 70 thousand, but a large part of the
islanders’ electricity is produced with diesel generators
and 20-30% comes from hydroelectric power. Great
expectations are attached to the drilling as islanders
hope that in the future electricity will be produced with
geothermal energy rather than diesel generators.

In addition to the government of Dominica, the project is
financed by the European Development Fund (EDF) and
the French Development Agency (ADF).

Slim exploration wells

The interest in drilling slim boreholes in geothermal
exploration has been growing in recent years. The
reasons for this include lower initial cost and less
environmental impact, and because smaller drills are
being used, the amount of drill fluid is also less. Iceland
GeoSurvey worked on the preparations for two foreign
drilling projects where slim boreholes are being drilled.
In Chile drilling was performed with a coring drill. Advice
was given on-site and a data acquisition system was
installed on the drill. In Dominica a medium-sized drill
was used. Iceland GeoSurvey designed the well, which is
somewhat wider than the one in Chile, and can therefore
provide more information about the properties of the
geothermal system. Also, an instrument for discharge
measurements was designed and then built in Iceland.

Counseling

A review of information about the status of geothermal
issues in East Africa was prepared for the Icelandic
International Development Agency, listing, for instance,
whichinternational agencies and companies are involved
in developing geothermal energy in this region and what
projects have been conducted in each country. Also,
information about the equipment and human resources
possessed by the countries was included. A web site
containing a data base developed at Iceland GeoSurvey
has been started. The intention is that the public will
have an open access to this information and there will
be regular updates.

Iceland GeoSurvey participated in a collaborative
project of Norwegian and Indian government agencies,
dealing with the utilization of geothermal energy
in the northwestern part of India (Himalayas). This
included travel to a few of the geothermal fields and an
evaluation of the possibility for further exploitation. So
far, geothermal energy in India has almost entirely been
used for baths of one type or another. The participation
of Iceland GeoSurvey is expected to continue in 2012,
supported by a grant from the Norwegian Research Fund.

Counseling was provided during the preparations for the
drilling of the first geothermal wells in Rwanda.

Hluti patttakenda og fyrirlesara a radstefnu i Nordvestur-Indlandi.

Some of the participants and lecturers at a conference in
Northwest India.



Skrdningarkerfi fyrir minni jarébora

[SOR hefur préad og smidad sofnunarkerfi fyrir litla
bora sem gjérbreytir &llu eftirliti og radgjof vid borverk.
Upplysingum um helstu paetti borsins er safnad og ymist
skodadar 4 stadnum eda sendar um GSM-simakerfid til
notenda. Eitt slikt s6fnunarkerfi var selt erlendu fyrir-
tzeki sem stundar rannséknarboranir vegna mastra fyrir
vindmillur.

Annad préunarverk sem framhaldid var frd drinu 2009,
og hlotid hefur styrki Gr Nyskopunarsjodi ndmsmanna
(RANNIS), féIst { ad maela titring & borstreng og tengja
vid adrar upplysingar ur skraningarkerfi borsins. Var pad
verk unnid  samvinnu vid Jardboranir hf. sem hafa nu
hug 4 ad koma pvf fyrir & borum. Styrkur fékkst einnig
fyrir starfi sumarmanns sem rannsakadi hradvirkar
adferdir til ad leysa upp utfellingar.
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Horft yfir borplanid og
vinnubuadir 4 Olca-svadinu

{ Chile. Adstedur eru frekar
évenjulegar. Borplanid er f
5000 m had y.s. og er d=tlad
ad bora 2000 m djuipa holu.

Jardfraedingur ad skoda bor-
kjarna fra Irruputuncu, rétt
nordan Olca-svaedisins.

A view over the drill pad and
work camp in the Orca area

in Chile. Conditions are rather
unusual as the drill pad is at an
elevation of 5000 m a.s.l., but
the intention it to drill 2 2000
m deep well.

Geologist inspecting a drill
core from Irruputuncu, slightly
to the north of the Olca area.

Data acquisition system for smaller drills

Iceland GeoSurvey has developed and built a data
acquisition system for small drills, which is a leap
forward in monitoring and counseling of drilling projects.
Information about the main drilling parameters is
collected and either checked on-site or sent to users over
the GSM mobile telephone system. One such acquisition
system was sold to a foreign company involved in
exploration drilling in connection with windmills.

Another development project continued from the year
2009 and has received financial support from the
Icelandic Student Innovation Fund (Rannis). It entails
measuring the vibration of a drill string and comparing
with other information from the drill's data acquisition
system. This project was done in collaboration with
Iceland Drilling (Jardboranir hf.), who are interested in
setting up such systems on their drills. In addition, an
internship devoted to the investigation of fast methods
to dissolve scales was supported with a grant.
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Borholumzelingar
og meelitaekni

Geothermal Logging and
Measurement Techniques

24

A 4rinu 2011 voru einungis boradar fiérar hahitaholur 3
slandi, tveer & beistareykjum fyrir beistareyki ehf., ein
3 Reykjanesi fyrir HS Orku og ein nidurdaelingarhola 3
Hellisheidi fyrir Orkuveitu Reykjavikur. petta voru pvf
takmaorkud verkefni fyrir bann mannskap og tekjabunad
sem [SOR hefur fidrfest i og préad & undanférnum
drum. [SOR & f dag sex sérutbtina mzelingabila til bor-
holumzlinga. | premur bilanna er bunadur til raun-
timamaelinga 1 allt ad 5 km djdpum borholum en
bessar mzelingar fara adallega fram & medan 4 borun
stendur. Flestar borholur sem boradar hafa verid 3
hahitasveedum undanfarin ar hafa verid stefnuboradar.
[SOR hefur sé3 um ad gera stefnu- og hallamzlingar f

In 2011 only four high-temperature wells were drilled in
Iceland, two at Theistareykir for Theistareykir ehf., one
at Reykjanes for HS Orka and one reinjection well at
Hellisheidi for Reykjavik Energy. Hence, this was a very
limited amount of work for the all the personnel and
equipment in which Iceland GeoSurvey has invested in
recent years and developed. Iceland GeoSurvey has six
specially-equipped trucks for well logging. Three of the
trucks have equipment for real-time measurements,
mainly conducted during drilling, in up to 5 km deep
wells. In recent years, most wells in high-temperature
fields have been directionally drilled. Iceland GeoSurvey
has performed directional surveys in the wells, with the
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Sprungur og ttfellingar 4 um 300 m dypi f holu
SD-14 Skarddal 1 Siglufirdi.

Fractures and precipitations at a depth of 300 m
in well SD-1in Skarddalur near Siglufjérdur.

holunum og eru nidurstédur meelinganna notadar til ad
styra stefnu borkrénunnar pannig ad haegt sé ad skera
sprungur og jardlog af mikill ndkvaemni. Samhlida borun
holna & hahitasvaedum eru einnig gerdar maelingar 4
steypugaedum, vidd, hita, prystingi og jardlégum.

Videdmyndatokur { borholum hafa sannad gildi sitt, t.d.
til ad kanna skemmdir og utfellingar & fédringum, og ma
nefna ad tekin voru upp myndskeid vegna rannsokna
4 endurheimtu 4 ferilefnum Gr borholum 3 Hellisheidi,
svokallad CarbFix-verkefni. NG & [SOR tvaer myndavélar
sem bddar taka myndir beint nidur holuna edatil hlidanna.
Onnur vélin er 8,9 cm ad pvermdli og hin einungis 5,3 cm
og er pvi haegt ad koma henni fyrir f borholum af grennstu
gerd. Haegt er ad nd upptokum nidur 4 allt ad 600 m dypi.

Tilraunir voru gerdar & drinu med svokalladar blossa-
sprengingar (deflagration) 4 vegum HS Orku og Lands-
virkjunar en tilgangur peirra er ad reyna ad auka lekt f
bekktum sprungum f borholunum. Framkvaemd pessara
sprenginga er samvinnuverkefni Landhelgisgaeslunnar og
[SOR. Sjalfur sprengibunadurinn er framleiddur { Banda-
rikjunum.

[SOR& ogrekur prjd maelingabflasem erutil eftirlitsmaelinga
{borholum sem eru heitarien150°C. bessir bilar eru notadir
vid reglubundid eftirlit med nytingu jardhitasveda og par
eru helstar maelingar 4 hita og prystingi en einnig eru
gerdar svokalladar kérfumaelingar til ad finna prengingar
{ borholum.

[SOR tekur patt { borverki priggja holna & eyjunni Déminiku
{ Karibahah. Af pvf tilefni var einn af mzelingabflum ISOR
sendur & stadinn til ad gera maelingar & medan borun fer
fram og til ad gera afkastamaelingar eftir ad borun lykur.

measurements being used to orient the drill bit such
that fractures and formations can be penetrated with
a great precision. Cement quality, caliper, pressure and
geophysical logs have also been performed during the
drilling of high-temperature wells.

Recording with video cameras in boreholes has proved
to be advantageous, for instance to inspect damages
and scales inside well casings. A video camera was used
in connection with the detection of tracers in wells
at Hellisheidi as a part of the CarbFix project. Iceland
GeoSurvey now has two cameras, both of which can be
directed either straight down or sideways. One of the
cameras has a diameter of 8.9 cm and the other only 5.3
cm, and so can be lowered into the narrowest types of
wells. Recording can reach as deep as 600 m.

Instigated by HS Orka and Landvirkjun, experiments with
the so-called deflagration were conducted. The purpose
of this kind of explosions is to increase permeability in
known fractures in wells. The Icelandic Coast Guard and
Iceland GeoSurvey cooperated to perform the defla-
gration experiments. The explosives are produced in the
us.

Iceland GeoSurvey owns and operates three logging
trucks for monitoring of wells that are hotter than
150°C. These trucks are used for regularly-scheduled
monitoring of geothermal fields, mainly measurements
of temperature and pressure, but also so-called basket
measurements to detect constrictions in wells.

Iceland GeoSurvey participates in the drilling of three
wells on the island of Dominica in the Caribbean. For
this purpose, one of the logging trucks was shipped over
there for logging during the drilling operation and for
discharge measurements after the drilling finishes..
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Jardhitapjdlfun
oq kennsla

Geothermal
Training and
Education

26

[SOR hefur sé3 um stéran hluta af pjalfun og kennslu
nemendavid Jardhitaskdla Haskdla Sameinudu pjédanna.
Ndmid stendur f sex manudi og d drinu Utskrifadist staersti
rangurinn til bessa, eda 30 nemendur. Starfsmenn [SOR
hafa einnig sinnt kennslu og pjalfun framhaldsnema vid
Haskdla [slands, Haskalann { Reykjavik og REYST.

{ byrjun &rs var haldinn  Kenfa bridji og sidasti hlutinn
af umfangsmiklu ndmskeidi sem hofst &rid 2010.
Ndmskeidid var & vegum Jardhitaskéla HSP og haldid
{ samstarfi vid KenGen, raforkufyrirtaeki Kenfa. Patt-
takendur voru um 40 talsins, allt starfsmenn KenGen, og
fengu peir pjalfun i 6llum pattum yfirbordsrannsékna vid
jardhitaleit.

Iceland GeoSurvey has taken care of the main part of the
training and education of students at the UN Geothermal
Training Programme, of which the largest class so far, 30
students, completed their six-month studies this year.
Specialists at Iceland GeoSurvey have also taught and
trained graduate students at the University of Iceland,
Reykjavik University and the REYST school.

In January was the third and the final part of an intensive
training course, that started in 2010, held in Kenya. The
course was organized by the UN Geothermal Training
Programme in collaboration with KenGen, the state
energy company of Kenya. The 40 participants, all
employees of KenGen, received training in all methods
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Fjoldi nema sem stundad hafa sex manada
ndm vid Jardhitaskdla HSP & [slandi 4 drunum
1979-2011.

Annad yfirgripsmikid 60 daga ndmskeid var haldid Kenfa
til ad pjdlfa starfsfélk Geothermal Development Company
(GDC). Einkum var um ad raeda pjalfun i borholujardfraedi
og yfirbordskortlagningu.

[ Nikaragva var haldid 8 daga ndmskeid vid UNAN Ledn
haskélann. Pbetta var samstarfsverkefni Préunarsam-
vinnustofnunar [slands og stjérnvalda f Nikaragva. bad
var hluti af nyju meistarandmi i endurnyjanlegum orku-
gjofum og fjalladi um nytingu jardhita, baedi til raforku-
vinnslu og beinnar nytingar f idnadi, til keelingar og
annarra nota.

[SOR hefur tekid patt { kennslu og pjalfun

3 ndmskeidum sem Jardhitaskéli HSP
hefur haldid erlendis. Namskeidin eru hluti
af framlagi fslands til busaldarmarkmiaa
Sameinudu bjédanna.
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The number of students that have finished
a 6 months course at the UN Geothermal
Training Programme in Iceland in 1979-2011.

used at the surface in connection with geothermal
exploration.

Another intensive 60 day course was held in Kenya for
training the employees of Geothermal Development
Company (GDC). The emphasis was on training in bore-
hole geology and surface mapping.

In Nicaragua an 8 day course was organized at the UNAN
Ledn University. This was a cooperative project of the
Icelandic International Development Agency and the
government of Nicaragua. The course was a part of new
master’s-level studies in renewable energy resources,
and dealt with the harnessing of geothermal energy,
both for electricity production and for direct use in
industry, for cooling and other uses.

Iceland GeoSurvey has been in charge of teaching
and training at courses organized abroad by

the UN Geothermal Training Programme. This

is a contribution of the Government of Iceland
towards the Millennium Development Goals of

the UN. v

El Salvador Kenya Uganda China

2006, 2007, 2009, 2011 2005-2010 2008 2008

e Workshop for decision makers e Workshop for decision makers e Short Course on geothermal e Workshop

* Short Course on geothermal e Short Course on surface exploration (IR SBlE T T e SR
development makers

Development in Central America

e Short Course Il on surface exploration

e Short Course lll on surface exploration
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Ljssmyndir frd Chile. A skrifstofu GeoThermHydro eru fra vinstri Mauricio Teke verkfredingur, Harpa E.
Haraldsdéttir framkvaemdastjéri og Benedikt Steingrimsson yfirverkefnisstjéri [SOR.

Photos from Chile. In the office at GeoThermHydro, from the left Mauricio Teke, engineer, Harpa E. Haraldsdottir,
manager, and Benedikt Steingrimsson, chief project manager of Iceland GeoSurvey.

Skrifstofan i Chile

Subsidary in Chile

[SOR og Verkfs hafa rekid pjénustu- og ragjafarfyrirtzekid
GeoThermHydro (GTH) f Santiago f Chile fra drinu 2009.
Markmid GTH hefur verid ad afla verkefna  Sudur-
Ameriku, p6 sérstaklega f Chile, og hefur bad gengid vel.
Harpa Elin Haraldsdottir er framkvaemdastjori.

{ Chile bua um 17 milljénir. Litil hefd er fyrir ad nyta
jaréhita, ad fratéldum nokkrum badstodum. Kol og
fliotandi jardgas hafa verid adalorkugjafarnir. Rikisstjérn
landsins dkvad ad stydja vid dtak i orkudflun med
endurnyjanlegum orkugjéfum og pvi eru miklar vonir
bundnar vid jardhitanytingu ( landinu. Toluvert er af
jardhitasvaedum f Chile, einkum f nordurhluta pess f um
3000-5000 m haed { Andesfjollum.

Eitt steersta verkefni GTH til bessa er samningur vid eitt
helsta koparndmufyrirtaekid  Chile, Collahuasi. Um er
ad reda forrannscoknir og rannséknarborun 3 tveimur
jardhitasvadum f nordurhluta Chile.

Auk hefdbundinnar verkefnadflunar hefur GTH haldid
malping um hénnun og rekstur jardhitavirkjana og
rannséknir- og vinnsluboranir & haustmanudum. GTH
var einn af styrktaradilum fyrstu jardhitarddstefnu
nystofnads jardhitafélags Chile sem haldin var  héfud-
borginni, Santiago. Harpa Elin situr f stjérn pessa félags.

Iceland GeoSurvey and Verkis have been operating the
service and consulting firm GeoThermHydro (GTH) in
Santiago, Chile since 2009. The objective with GTH is to
find projects in South America, especially in Chile, with
considerable success. Harpa Elin Haraldsdéttir is the
manager of GTH.

Chile has a population of 17 million. Geothermal energy
has not been used much in Chile, except for a few baths.
Coal and liquid gas have been the main source of energy.
The government of Chile has decided to support a drive
towards the utilization of renewable energy, with high
hopes for the harnessing of geothermal energy. Chile has
a number of geothermal fields, especially in the north at
an elevation of 3000-5000 m in the Andes.

So far, one of the largest projects of GTH is related to a
contract with one of the main copper mining companies
in Chile, Collahuasi. This involves primary research and
exploration drilling in two geothermal fields in northern
Chile.

In addition to the customary search for projects, GTH
organized symposia in the autumn on the design and
operation of geothermal plants and exploration and
production drilling. GTH was one of the sponsors of the
first geothermal conference of the newly established
Chilean Geothermal Association that was held in the
capital, Santiago. Haraldsdéttir, has a seat on the board
of this association.
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