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Scientific and technical
services for 68 years

Jardfreedikortlagning - Jardedlisfreedilegar meelingar - Jardefnafreedi
Radgjof vid boranir - Borholumeelingar
Mat a jardhitaforda - Styring jardhitavinnslu
Umhverfisrannsoknir - Grunnvatnsrannsoknir
Mannvirkjajardfreedi - Hafsbotnsrannsoknir
Kennsla og pjalfun
fslenskar orkurannséknir, ISOR, eru sjalfstaed rikisstofnun sem heyrir undir
umhverfis- og audlindaraduneytid. Starfsemin byggist & pekkingu sem fengin

er med rannséknum, 6flun gagna og préun tekni og adferda. ISOR starfar 4

samkeppnisforsendum med hagkvaemar lausnir og virdingu fyrir umhverfi
og samfélagi ad leidarljosi.

Geothermal Exploration
Drilling Consultancy - Well Testing and Evaluation - Geothermal Logging
Resource Assessment - Resource Management
Environmental Impact Assessment - Groundwater
Engineering - Offshore

Geothermal Training

Iceland GeoSurvey, ISOR, is an independent state-owend institute, providing data

compilation and development of technologies and techniques based on expertise

and research. ISOR operates on a competitive basis with cost-effective solutions in
harmony with the environment and community.



Sigran Traustadottir

Tiu &r eru lidin sidan ISOR var stofnad sem B-hluta stofnun pegar
skipulagi Orkustofnunar var breytt og Rannsdknasvid hennar gert
ad sjalfsteedri stofnun. Mikid vatn hefur runnid til sjavar & pessum
tiu arum og umhverfid tekid miklum breytingum. Eftirspurn eftir
bjénustu ISOR innanlands for vaxandi fyrstu sex arin, pegar mikill
uppgangur var i islensku efnahagslifi, og nadi hamarki arid 2008.
Haustié 2008 urdu hinsvegar stoérfelldar breytingar i efnahagslifinu,
eins og kunnugt er, og spurn eftir pjénustu ISOR innanlands drost
skyndilega saman. Er ekki enn séd fyrir endann & peim samdraetti.
ISOR leitadi pa pegar fanga erlendis og tokst med hardfylgi ad afla
verkefna til ad nyta pa pekkingu og teekjabinad sem stofnunin byr
yfir. Vel tokst til og hafa pessi erlendu verkefni gert ISOR kleift a8
vidhalda vidteekri pekkingu starfsmanna innan stofnunarinnar. A
arinu 2012 var pessu markadsstarfi erlendis haldid afram af fullum
krafti. Hefur su vinna skilad gédum arangri og er hlutfall verkefna
sem snla ad utlondum komid i um 40% af heildartekjum arsins eda
466 millj. kr. en var einungis um 8% af heildartekjum arsins 2008,
eda 114 millj. kr.

A &rinu 2012 var velta {SOR 1.043 millj kr. Tap vard & rekstrinum 4
arinu og nam pad 9,3 m.kr. Er pad tilkomid vegna vardudarafskriftar
vidskiptakrafna. Rekstarnidurstada arsins var hins vegar i samraemi
vid azetlanir sem hofdu pad ad markmidi ad pjénustutekjur ISOR
steedu undir rekstrarkostnadi. Pjonustutekjur hafa stadid undir
rekstri fra stofnun og allt fram til arsins 2009 er breytingar urdu i
efnahagslifinu og tekjur aranna 2009 til 2011 nadu ekki vega & moti
afskriftum. G6d eiginfjarstada fyrri ara gerdi ISOR kleift ad brua
petta bil og nu virdist utlit fyrir betri tima, ekki sist vegna 6flugs
markadsstarfs erlendis.

A arinu var jafnframt gerdur mikilveegur samningur vid staerstu
innlendu vidskiptavini {SOR i peim tilgangi ad gera stofnuninni kleift
ad vidhalda pekkingu og teekjabunadi til borholumeelinga sem er
bradnaudsynleg fyrir pessa adila pegar framkvaemdir i orkumalum
fara af stad innanlands & ny. Med pessu méti sameinudust adilar
um ad horfa til hagsmuna jar8varmageirans til lengri tima litid.
ISOR hefur litid pad sem skyldu sina ad studla ad uppbyggingu
bekkingar 4 svidi orkumala. Anaegjulegum 4fanga var nad 4 arinu &
bvi skyni pegar ISOR gerdist adili ad REYST-orkuskélanum og pegar
undirritadur var samstarfssamningur vid Haskélann i Reykjavik en
adur hafdi slikur samningur verid gerdur vid Haskola fslands.

A arinu urdu svo peer breytingar & stjornsyslunni ad malefni ISOR
voru flutt frd idnadarrdduneytinu til umhverfis- og audlinda-
raduneytis samhlida breyttri skipan raduneyta i Stjérnarradi fslands.

Enn rikir talsverd évissa um verkefni innanlands i orkumalum pratt
fyrir ad rammaéaaetlun um nytingu og verndun orkuaudlinda hafi
verid sampykkt & Alpingi. Margt bendir pé til pess ad orkuvinnsla
geti ordid lykillinn ad velferd fslands naestu aratugi. Samkveemt pvi
hlytur ad vera mikilveegt ad standa vord um pa pekkingu sem er til
stadar & orkuaudlindunum og ad byggja upp enn frekari pekkingu &
svidi orku- og umhverfismala. ISOR er augljéslega lykiladili & pessu
svidi.

Eg vil pakka starfsménnum, stjornendum og stjorn ISOR fyrir vel
unnin storf og afar gott samstarf & arinu.



Chairman
of the Board

Sigran Traustadottir

Iceland GeoSurvey (ISOR) was established in 2003 when the
geosciences division of the National Energy Authority became an
independent state-owned institute. There have been many changes
during those ten years. Demand for the services provided by ISOR
increased consistently throughout the first six years in line with the
expansion of the Icelandic economy, peaking in 2008. However,
the collapse of the economy in the autumn of 2008 resulted in the
sudden decrease in demand for domestic services offered by {SOR,
a state of affairs which is still ongoing. In response, {SOR explored
international markets and was successful in gaining new projects by
making best use of the knowledge and equipment available to the
company. The overseas missions have been very successful and have
allowed ISOR to maintain the broad expertise of employees within
the organization. In 2012 this marketing strategy has continued in
earnest yielding good results. Foreign assignments came to about
40% of the total revenue, or 466 million Icelandic (ISK) compared to
only 8% of the total revenues in 2008 of 114 million ISK.

In 2012 the total turnover at ISOR was 1,043 million ISK, whilst the
loss on operations during the year amounted to 9.3 million. The
financial outcome for the year was, however, in accordance with
plans which aimed to level income and operating costs. Since the
establishment of ISOR until 2009, revenues covered operating
expenses. However, subsequent to the changes in the Icelandic
economy, incoming revenue between 2009 and 2011 did not meet
depreciations. ISOR’s previous robust equity situation allowed the
institute to bridge this gap and now it seems that better times may
lie ahead, not least because of dynamic international marketing.

An important contract was concluded in 2012 with ISOR’s largest
domestic clients enabling the institute to maintain the knowledge
and equipment for borehole logging which is essential when
domestic projects within the energy sector start again. In this way
different parties merged to protect the long term interests of the
geothermal sector. One of ISOR’s main responsibilities is to promote
the development of knowledge in the energy field. An important
milestone was achieved when ISOR joined the REYST-energy school
and signed a cooperation agreement with the University of Reykjavik
thus replicating an agreement which had already been established
with the University of Iceland.

During 2012 administrative changes resulted in ISOR being
transferred from the Ministry of Industry to the Ministry for the
Environment and Natural Resources. There are still significant
uncertainties regarding projects within the energy industry despite
a framework of National Strategy for Sustainable Development
having been approved by Parliament. Evidence suggests, however,
that energy utilization may be the key to Icelandic economic
development during the coming decades. Accordingly, it is of great
importance to safeguard existing knowledge of energy resources
and to expand understanding in the field of energy and environment.
ISOR is clearly a key player in this area of study.

I would like to thank the employees, administrators and company
board for their excellent work and a very productive collaboration
during the year.




Olafur G. Flévenz, forstjéri ISOR  General Director

Energy research from past to present

Um pessar mundir eru lidin tiu ar fré pvi fslenskar orkurannséknir, ISOR,
voru stofnadar med l6gum fra Alpingi. bratt fyrir pad hafa skipulegar
orku- og jardvisindarannsoknir SOR stadid samfellt fra 1945, eda i 68
ar, undir mismunandi néfnum og vaxid st6dugt og dafnad. Med I6gum
arid 2003 var Rannséknasvid, adur Jardhitadeild Orkustofnunar, gert
ad sjalfsteedri rikisstofnun sem rekin skyldi & markadsgrundvelli og
sinna rannséknum og pjénustu a svidi natturufars og orkumala.

ISOR hefur verid burdarasinn i jardhitarannséknum og hagnytum
jardfraedirannsoknum & fslandi um langt skei® og i raun gegnt
sambeerilegu hlutverki og jardfraedistofnanir i 68rum lI6ndum. Pannig
finnst vart sG hitaveita eda jardhitavirkjun a fslandi sem ekki hefur verid
byggd & grundvelli rannsékna ISOR sem hefur skapad grundvéllinn
fyrir hinni einstaedu og arangursriku hitaveituvaedingu. A tveimur
aratugum tokst ad auka hlutdeild jardhita i hdshitun Gr ramum 40% i
teeplega 90%, var pessi proun pé ekki afallalaus. Upp komu alls kyns
vandamal tengd jardhitaleit, fordafraedi jarShitasveedanna og teekni
vid nytingu vokvans sem purfti ad leysa og tokst pad oftast pratt fyrir
andstreymi og vantr(. Um 80 é&ra saga hitaveitna & fslandi hefur synt
hvers megnugir islenskir jardvisinda- og teeknimenn hafa reynst i ad
byggja upp af eigin rannséknum og hugviti pa pekkingu og reynslu
sem skipt hefur skopum fyrir efnahag og lifsskilyrdi 4 Islandi og gert
fsland ad forystulandi i jardhitamalum i heiminum og { umhverfismalum
orkuvinnslu, ekki sist med tilliti til sjalfbaerrar préunar.

Arlegur peningalegur sparnadur af notkun jardhita til hushitunar i
stad oliu nemur nd um 50-80 milljordum kréna sem kemur beint til
go6da heimilunum i landinu, ekki sist af pvi ad vid barum geefu til ad
byggja hitaveiturnar & samfélagslegum grunni en ekki & forsendum
einkamarkadar. Eflaust eru vandfundin betri deemi & fslandi um arangur
af fiarmunum sem varid var til rannsékna med langtimahugsun ad
leidarljosi.

Iceland GeoSurvey (ISOR) has been the leading institute in the
fields of geothermal energy and geological sciences since 1945.
Over the years, under different names and acronyms, the institute
has steadily grown and prospered. In 2003, the GeoScience
Division of the National Energy Authority of Iceland was spun off
as a separate independent government institute and ISOR was
officially established. The new institute would undertake research
and provide services in the fields of energy and natural sciences on
competitive basis.

ISOR has been the backbone of geothermal- and applied geological
research for several decades. Icelandic geoscientists and technicians
have been able to build on the knowledge and experience gained
over an 80 year history of the utilization of geothermal energy for
district space heating. Despite early problems geothermal energy
was widely welcomed and the use of geothermal for space heating
increased from 40 to 90% in two decades. The application of
geothermal energy has been critical for the living conditions and
the economy of the country. Consequently, Iceland is a world leader
in geothermal and environmental issues, in particular with regard to
sustainable development.

The use of geothermal energy for space heating accounts for annual
savings of 300-500 billion EUR, and thus directly benefits every
home in the country. The original policy of the provision of district
heating as a “social good” rather than allowing the involvement of
the private sector has also proved to be beneficial for the Icelandic
people.

Problems caused by volcanic activity during the construction of
the first geothermal power plant in Iceland, provoked serious
discussions as to whether it was advisable to take advantage of the



Afoll vegna nattiruhamfara vid byggingu fyrstu héhitavirkjunar
landsins voktu um skeid vantru & ad skynsamlegt vaeri ad nyta ha-
hitasveedi landsins til orkuframleidslu. G6d reynsla af rekstri orku-
veranna & Nesjavollum og i Svartsengi sannfzerdi folk svo ad nyju
um ad petta veeri gerlegt. Fyrir pdsaldamotin hofst mikid kapphlaup
um virkjun hahitasveeda par sem stundum var farid fram meira af
kappi en forsja. Pannig jokst raforkuframleidsla Gr jardhita & Islandi
Ur 46 MWe &rid 1996 i 664 MWe 4&rid 2011 og er Hellisheidarvirkjun
nd ein aflmesta jardgufuvirkjun i heimi. Likt og um hitaveiturnar
eru jardhitarannsoknir ISOR grundvollur pess arangurs sem hefur
nadst i virkjun hahita til raforkuframleidslu. A sama hatt og vid
hitaveituveedinguna hefur pessi hradvaxandi vinnsla leitt af sér
ymis rekstrarvandamal sem nu er unnid ad pvi ad leysa og mun
vaentanlega takast & naestu arum, verdi vel ad verki stadid.

Samhlida jardhitarannséknum hefur ISOR verid oflug kennslu-
stofnun og pjénustufyrirteeki vid jardhitaidnadinn. bessi samsetning
er einn helsti styrkur ISOR og hefur gert pad ad einni pekktustu
rannséknar-, kennslu og pjénustustofnun heims i jardhita. HUn er
og undirstada pess ad tekjur ISOR af erlendri starfsemi hafa farid
hradvaxandi og nema ni ordid um 40% heildartekna. {SOR hefur
alltaf séd um meginhluta hinnar arangursriku kennslu og pjalfunar
JarBhitaskola Haskola Sameinu pjédanna. Veikleiki ISOR felst fyrst og
fremst i pvi ad ISOR 4 i erfidleikum med ad fjsrmagna naudsynlegar
grunnrannsoknir, ad miklu leyti vegna pess ad upphafleg 4form um
ad réduneyti og stofnanir rikisins keyptu slik verkefni af {SOR hafa
gengid illa eftir, jafnvel pott faera megi sterk rok fyrir pvi ad med pvi
meetti nyta betur fjarmuni rikisins.

A vegfers okkar til framtidar hljétum vid p6 alltaf ad draga laerdém
af pvi lidna, baedi af pvi sem leiddi til &rangurs og ekki sidur af pvi
sem mistokst. I orkumalum okkar fslendinga parf langtimahugsun;
athafnir okkar og rannsoknir nu eru lykillinn ad peim arangri sem
vid getum néd & naestu 20 arum. | pvi samhengi purfum vid ad setja
okkur markmid. Vid verdum ad skilgreina til hvers vid setlumst af
orkuidnadinum og hvada hlutverki hann & ad gegna i pvi ad skapa
g6d lifsskilyrdi a Islandi med tilliti til atvinnu, velferdar, menntunar
og umhverfis. I pvi samhengi skiptir mali ad vid gerum okkur grein
fyrir peim efnahagslega avinningi sem hafa méa af orkuvinnslu og
hvernig vid getum beislad orkuna pannig ad aseettanlegt sé med
tilliti til umhverfismala.

Hagnadur af orkuvinnslu liggur fyrst og fremst i framleidslu
orkunnar, ekki i flutningi hennar eda dreifingu. Af peim astaedum
skiptir mestu ad orkuframleidslunni sé pannig hattad ad ardurinn af
henni komi til samfélagsins i heild. Pannig er pad raunar ad mestu &
fslandi, orkuframleislan er ad miklu leyti i hondum fyrirtaekja rikis
og sveitarfélaga.

Landsvirkjun hefur 1ati® meta liklegan arlegan ard af raforku-
framleidslu fyrirtaekisins fram til 2030 midad vid nokkrar mismunandi
forsendur, m.a. um fjarfestingar og orkuverd. Midad vid ad fylgt verdi
tiltekinni fjarfestinga- og framkvaemdadaetlun, sem er i samraemi
vid tillogur verkefnastjérnar rammadaetlunar og tengja landid vid
Evropu um saestreng, geeti arlegur ardur af fyrirteekinu arid 2030
numid um 100 milljéréum kréna. Pad munar um minna i fjarhag
rikisins og slikur avinningur geeti skipt sképum i ad halda uti pvi
ofluga mennta- og velferdarkerfi sem vid flest viljum.

En audvitad eru petta dzetlanir og eflaust ma deila um forsendurnar
vardandi baedi orkuverd og framleidslukostnad. I 6llu falli virdist po
blasa vid ad ardurinn gaeti ordid mjog verulegur. bvi til vidbotar
vaerum vid ad studla ad pvi ad auka hlutdeild endurnyjanlegrar orku
i orkubuskap Evropu og leggja par med nokkud af moérkum til ad
draga Ur 6gnvaenlegum ahrifum mengunar andrimsloftsins.

NG eru taldar nokkrar likur & ad finna megi oliu i islenskri
efnahagslogsogu og leyfum til oliuleitar hefur pegar verid Gthlutad.
Jafnframt hafa vidkomandi adilar fengid rétt & ad vinna pa oliu

country's geothermal systems for power generation. However, the
excellent operating experience of the power plants in Nesjavellir and
Svartsengi convinced people that this new approach was feasible.
Subsequently, by the turn of the century, the race for geothermal
power production had begun.

Electricity generation from geothermal energy in Iceland increased
from 46 MWe in 1996 to 664 MW in 2011 making the 303 MWe
Hellisheidi power plant one of the most powerful geothermal power
plants in the world.

In parallel with geothermal research, {SOR has been both an
important educational institution and has operated as a service
company to the geothermal industries. This combination is the main
strength of ISOR, and it has gained worldwide respect as a centre of
excellence for geothermal research, education and service provision.
Thus, ISOR's reputation in these areas provided the basis for revenue
from international operations which have been expanding rapidly,
and now constitute about 40% of the total revenue. ISOR has always
provided most of the education and training at the Geothermal
Training Programme of the United Nations University (UNU-GTP).
However, at the same time the institute is struggling to fund vital
basic research.

To ensure success in the future, we must learn from both past
achievements and failures. Long term thinking is vital for the energy
sector, and our activities and research over the next twenty years
are the key to future developments. In this context, we must set our
goals. We have to define what we expect from the energy industry
and what role it should play in creating good living conditions
in Iceland with regard to employment, welfare, education and
the environment. It is important therefore, that we do realize the
economic benefits which may come from geothermal whilst ensuring
that we harness the energy in harmony with the environment.

Profits from energy production are primarily gained by the
production of energy, not its distribution. For this reason it is most
important that energy production is organized in such a way that
the benefit is shared by the whole community. This is most often the
case in Iceland where energy production is largely in the hands of
state and municipalities.

The estimate of annual dividend from electricity production until
2030 by Landsvirkjun has been based on several different criteria
including investment and energy prizes. One possibility involves
connecting the island to Europe via a submarine cable exporting
electricity which would involve annual profit of about 650 million
EUR.

These figures are, of course, estimates and no doubt debatable.
However, the profit would most certainly be significant. In addition,
in such a scenario Iceland would contribute to the increase of
renewable energy in Europe, and help to mitigate to some extent
the effects of atmospheric pollution.

It is now considered possible that oil may be found in Icelandic
jurisdiction and licenses for oil exploration have already been
allocated. Furthermore, the exploration parties have the right
to exploit any oil which may be found under specific permission.
These conditions imply the intention that Iceland may potentially
become an oil producing state. This fact of course raises a number
of questions pertaining to our motivation and image. Currently the
image of Iceland in the world is that of an exemplary state in the
production of renewable energy. If extractable oil was found in our
jurisdiction, we would have to be willing to except the change of
image in the eyes of the world, from that of model state in the use
of renewable energy, to an oil producing one. Whilst this would
undoubtedly be economically beneficial, our image would also be
damaged to some extent and therefore it is very important that we
try to set strict limits on our use of fossil fuels.



sem kann ad finnast ad vissum skilyrdum uppfylltum. Leitarleyfi
fela pannig i sér pa stefnumorkun ad Island skuli gerast oliuriki
skapist til pess skilyrdi. bessi stadreynd vekur audvitad upp ymsar
spurningar sem lita ad vilja okkar og imynd. { dag er imynd Islands
fyrirmyndarriki i framleidslu endurnyjanlegrar orku poétt vid séum
raunar litt til fyrirmyndar pegar kemur ad eldsneytisnotkun i
samgoéngum og fiskveidum. Ef nytanleg olia finnst i 16gségu okkar
stondum vid frammi fyrir pvi ad verda oliuframleidsluriki og gaetum
vaentanleg hagnast verulega & pvi. En imyndin kann ad breytast vid
pad og pa skiptir mali ad vid reynum ad stilla okkar eigin notkun &
jardefnaeldsneyti i hof.

Ef teki® er mid af nidurstodum verkefnisstjornunar rammadaaetlunar
mun drjagur hluti peirrar raforku, sem getur ordid undirstada
velferdar eftir 10 til 15 &r, koma Ur jardhita. Par er verulegra rannsékna
porf & naestu arum til ad leysa pau vandamal sem upp hafa komid og
onnur sem munu eflaust koma upp sidar vid virkjun hahitasveedanna.
Brynast i peim malum er ad finna édyrustu leidirnar til ad farga pvi
brennisteinsvetni sem upp kemur med gufunni. Teekni til ad eyda pvi
er raunar pegar til en hin er helst til kostnadarsém. Onnur helstu
Urlausnarefnin nd eru ad skilja betur fordafraedi hahitakerfanna
til ad leera hvernig vid eigum ad velja borstadi og bora med
hamarksarangri og hvernig haga skuli vinnslunni, m.a. med tilliti til
sjalfbaerni, nidurdaelingar, jardskjalftavirkni og utfellinga. Allt petta
byggist & 6flugum og markvissum rannséknum. ba skiptir verulegu
mali hvernig asynd virkjana er i landslagi og hafa ber i huga ad allt
rask sem verdur vid virkjun jardhita er ad langmestu leyti afturkraeft
ef vandad er til verka. Med virkjun jar8hitans byggjum vid upp
pekkingu og hagseeld til framtidar fyrir born okkar og barnabérn en
hofum pé ekki meiri ahrif & nattdruna en svo ad afkomendur okkar
geetu kosid ad loka virkjunum og endurskapa upphaflegt astand. Vid
purfum ad gera okkur ljést ad athafnir okkar nd munu rada pvi hvort
vid viljum buda pannig i haginn fyrir framtidina eda ekki.

It is expected that a substantial part of the electricity production
which may be the engine for economic growth in the coming 10-
15 years would come from geothermal. Substantial research is
needed in the future to solve the problems that have occurred and
others that will no doubt arise in geothermal development. The key
requirement here is to find the most cost effective way to dispose of
the hydrogen sulphide which appears with the steam. Techniques to
dispose of the gas exist but are still rather expensive.

Other major challenges which face us include the need to better
understand reservoir engineering of geothermal systems, so as
to refine the methods used in the selection of drilling sites. It is
vital to achive maximum efficiency when drilling and to apply best
practice when conducting exploitation with respect to sustainability,
reinjection, seismicity and scaling. All this is based on extensive and
targeted studies. The appearance of power pants in the landscape is
of significant importance, whilst keeping in mind that all associated
disturbances are largely reversible if the work is properly planned
and executed. By exploiting geothermal energy we are building
up knowledge and prosperity for our children and grandchildren
in the future. However, this must be done in such a way that our
descendants can choose to close the plants and recreate nature's
original condition.
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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

Financial Statements for the Year

2012

1.043.450

1.016.001
43.072
1.059.073

(15.623)

6.262
(9.361)

103.668
404.776
508.444

311.865
196.579
508.444

33711

(35.697)
(6.129)

(8.115)

27.449
2,6%

61,3%
-2,9%

2011

958.333

965.895
46.393
1.012.288

(53.955)

9.494
(44.461)

140.611
333,579
474.190

321.226
152.964
474.190

(112.331)
(5.495)

(117.824)

(7.562)
-0,8%
67,8%

-12,2%



Energy research Iceland Geosurvey

Rannsoknarsaga ISOR héfst pegar dr.
Gunnar Bédvarsson verkfreedingur kom fra
nami. Hann var radinn til jardhitarannsoéka
hja Rafmagnseftirliti rikisins sem sidar
vard Raforkumalaskrifstofan. ~ Gunnar
einbeitti sér ad grunnrannséknum a
fyrstu arum sinum i starfi, jafnframt pvi
ad innleida jardedlisfreedilegar adferdir til
jardhitaleitar.

{SORs research history commences when
engineer, Dr. Gunnar Bodvarsson, arrives
from his studies. He was employed for
geothermal studies at the State Electricity.
Gunnar focused on basic research in the
early years and implemented geophysical
strategies in geothermal exploration.

Fra Krysuvik 1935-1950. Ljésm. Olafur Magnusson.



JarBhitadeild Raforkumalastjora formlega stofnud. Gunnar Bodvarsson vard forstédumadur til arsins 1964. A fimmta og sjotta
aratugnum beindust rannsoknirnar mjog ad moguleikum til raforkuframleidslu Ur jar8hita samhlida jar8hitaleit til hitaveitna. Efri

myndin synir starfsmenn vid maelingar & gufuholu vid Hvergerdi en su nedri synir stidentana Sveinbjérn Bjoérnsson og Gudmund
Gudmundsson vid jardedlisfreedimaelingar.

A Geothermal Division was formally established. Gunnar Bodvarsson was appointed director until 1964. During the forties and fifties
research was focused on the possible utilization of geothermal for energy production as well as further exploration of geothermal

for space heating. Upper photo shows staff measuring a steam well in Hveragerdi. Lower photo shows Sveinbjérn Bjérnsson and
Gudmundur Gudmundsson undertaking geophysical measurements.
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Gudmundur Palmason edlisverkfreedingur tekur vid sem deildarstjéri jardhitadeildar raforkumalastjora, sidar Orkustofnun. Hann er hér ad ofan
vid pyngdarmaelingar & Vatnajokli. A sjétta og sjounda aratugnum jokst starfsemin verulega. Jardhita- og vatnsorkudeild sinntu 6llum helstu
grunnrannséknum & svidi jardvisinda, landmaelinga, mannvirkjajardfraedi, vatnafraedi og jardfraedi hafsbotnsins. A pessum arum komu til starfa
margir peirra sem urdu frumkvodlar i islenskum jardvisinda- og orkurannséknum og mé par sérstaklega nefna pa Kristjan Seemundsson, Gunnar
Porbergsson, Sveinbjorn Bjdrnsson og Jens Témasson. Nedri myndin synir Gunnar vid landmaelingar vid Grimsvétn.

Gudmundur Palmason, physical engineer, becomes head of the geothermal department with the State Electricity, later National Energy Authority.
In the photo he is shown undertaking gravity measurements. In the fifties and sixties the role of the company expanded significantly and the
institute performed all the major basic research in the fields of geosciences, land surveying, engineering, hydrology and marine geology. Many
of the pioneers in the fields of geology and energy joined the company during those years such as Kristjan Seemundsson, Gunnar Porbergsson,
Sveinbjoérn Bjornsson and Jens Tomasson. The lower photo shows Gunnar surveying at Grimsvotn in Vatnajokull.




Upp ar 1970 urdu straumhvorf i orkurannséknum a
fslandi. Hafin var mikil uppbygging i virkjun vatnsfalla
med tilheyrandi undirbuningsrannséknum. Muikil
haekkun & heimsmarkadsverdi & oliu leiddi af sér
mikla haekkun & hudshitunarkostnadi landsmanna en
meirihluti peirra notadi oliu til upphitunar. Stjorn-
vold téku pa skynsamlegu akvérdun ad uUtryma
oliu i hushitun med innlendum, endurnyjanlegum
orkugjofum, jarBhita par sem pad veeri unnt
og vatnsorku. Rikid lagdi verulegt fé i pessar
rannséknir og fjoldi ungs folks, jardfraedingar, edlis-
freedingar og verkfraedingar, var radinn til starfa a
attunda aratugnum. Pessi hopur er enn kjolfestan
i sérfreedingahdpi ISOR. Myndin synir jardborinn
Jotunn ad bora vid Sjémannaskdélann i Reykjavik.

A turning point in energy research in Iceland
occurred in the early 1970s with major development
in hydropower and associated research. The sharp
rise in oil prices led to increased heating costs at a
time when most houses were heated with oil. The
government decided to replace oil heating by using
renewable energy sources, in particular geothermal
where possible or hydropower. The state allocated
substantial funds for this research, and a number
of young geologists, physicists and engineers were
employed in this sector. These people form the core
of experts at ISOR today. The photo shows the rig
Jétunn drilling in Reykjavik.
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Samhlida auknum framférum i jar8hitarannséknum héfst mikil samvinna vid erlenda rannséknarstofnanir, haskéla og fyrirtaeki um rannséknir
og leit ad hagstaedum skilyrdum til myndunar oliu- og gaslinda & sjavarbotni. Byggdur var upp pekkingarkjarni i oliu- og hafsbotnsjardfraedi
sem leiddi til pess ad a Jan Mayen hryggnum og i settrogi undan Nordurlandi fundust vissar forsendur til myndunar oliu- og gaslinda. Pessar
rannsoknir hafa nu leitt til pess ad buid er ad Uthluta leitarleyfi til oliurannsdknarfyrirtaekja & hluta Jan Mayen hryggjarins. Efri myndin synir
maelingaskipid Prospekta sem notad var vid fyrstu fidlrasaendurkastmaelingar & landgrunni fslands &rid 1970. Ne&ri myndin synir stidenta
ad storfum vid stadsetningarstodvar fyrir Ms fsborgu 4ri 1973 en skipid gerdi pa pyngdarmaelingar 4 landgrunni fslands sem m.a. leiddu til
pess ad settrogi® mikla undan Nordurlandi fannst.

As development in geothermal research increased so did collaboration with foreign research institutes, universities and various companies
regarding research on oil and gas resources in the seabed. The results have indicated that favorable conditions for the formation of oil and
gas may have existed on the Jan Mayen Ridge and in a sedimentary graben off North Iceland. These studies have now led to the allocation
of licenses to oil companies for further exploration on parts of the Jan Mayen Ridge. The upper photo shows the research vessel Prospecta
which was used for the first multichannel seismic reflection measurements on the Iceland shelf. The lower photo shows students installing
a positioning station for the MS Isborg in 1973. The vessel was used for sea bed measurements which, for example, led to the discovery of
the sedimentary graben off N-Iceland.
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Rannsoknasvid Orkustofnunar vard til
er jardhitadeild og vatnsorkudeild voru
sameinadar. Olafur G. Flévenz var radinn
forstodumadur. Neestu ar einkenndust
af vaxandi ahuga & hahitavirkjunum
og rannséknum til undirbinings peim.
Jafnframt uréu miklar framfarir i jard-
hitaleit og fordafreedi sem byggdust a
préunarvinnu stofnunarinnar. Ma par
til deemis nefna tilraunir med nidur-
deelingu & laghitasveedum sem skipt
hafa miklu vid rekstur sumra hitaveitna.

The GeoScience Division of the
National Energy Authority of Iceland
was established when the geology- and
hydro departments were combined.
Olafur G. Flévenz was appointed
general director. The following years
were characterized by increasing
interest in geothermal power plants
and associated research. Significant
progress was achieved in areas such as
geothermal exploration and reservoir
engineering. There was, for example,
improvement in reinjection in low
temperature fields which is of vital
importance for some district heating
power plants.

fslenskar  orkurannséknir - ISOR
stofnadar sem sjalfstaed rikisstofnun.
Fyrstu fimm starfsarin einkenndust af
mikilli uppbyggingu hahitavirkjana og
starfsmannafjoldinn for yfir 90. {SOR
kom sér & pessum tima upp miklum
og godum teekjakosti til rannsdkna og
meelinga og safnadi rekstrarafgangi i
sjodi til mogru aranna.

Iceland  GeoSurvey, ISOR, was
established as an independent state
institute. The first five years were
characterized by the construction of
high temperature power plants and
the number of employees rose to more
than 90. During those years ISOR built
up a substantial inventory of machinery
and logging tools for research and
measurements and: managed to
accumulate surplus revenues.
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ISOR has six logging trucks
with depth capacity of 5-6 km.

1970 1975 1980 Three of them are slickline trucks
for measurments

in wells exceeding 150°C
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i borholum heitari en 150°C




Hahitarannsoknir

Rannsoknir og pjénusta i tengslum vid undirblning, uppbyggingu
og rekstur hahitavirkjana er eitt af sérsvidum ISOR. Arid 2012
borudu Jar8boranir hf tveer hahitaholur fyrir orkufyrirtaekin. A
beistareykjum var borud ein hahitahola fyrir Landsvirkjun. Holan
er 168rétt, 2194 metra djup og var hun borud fra nyjum borteig &
beistareykjagrundum. Borverkid hoéfst um midjan oktéber og lauk
pvi um midjan desember pratt fyrir valynd vedur.

Jar8borinn bor, steersti bor landsins, héf borun holu RN-31 &
Reykjanesi i november 2012 fyrir HS Orku. Borun hennar lauk i
januar 2013. Holan er um 1223 m djup og var stefnuborud ofan i
gufuplda jardhitakerfisins.

A &rinu vann ISOR ad ymsum verkefnum fyrir Landsvirkjun sem
tengjast Urvinnslu & borholugégnum. Jardlég og ummyndun var
greind i punnsneidum af svarfi Ur borholum & beistareykjum og
i Bjarnarflagi. Margvisleg gogn ur borholum og fra yfirbords-
rannséknum voru sett upp i Petrel-hugbunadi og gerd likon af
jardhitakerfunum par sem ma skoda og samtulka mismunandi gégn
og skoda i prividd.

Jardlég og ummyndun var einnig greind i punnsneidum af svarfi ur
borholum i Grauhnikum & Hellisheidi fyrir Orkuveitu Reykjavikur.

A Reykjanesi voru gerdar umfangsmiklar viSnamsmaelingar
sumarid 2012. Nidurstédur melinganna voru settar fram i
prividu vidnadmslikani sem synir helstu dreetti jardhitakerfisins.
Vidnamslikanid hefur dsamt 68rum goégnum af Reykjanesi, svo sem
berghita og dyptardreifingu ummyndunarsteinda, verid sett saman
i likan sem gefur kost a prividri framsetningu og greiningu gagna.

Likt og 48ur maeldu starfsmenn ISOR hita og prysting i vinnslu-
og eftirlitsholum vid allar hahitavirkjanir landsins og unnu ur
nidurstédum.

Eins og undanfarin ar var fylgst med jardvegshita og gasflaedi
4 hverasvaedinu vid Gunnuhver & Reykjanesi og nagrenni pess.
Fylgst var med efnasamsetningu jardhitavokva og gufu dr vinnslu-
holum i Svartsengi og & Reykjanesi. b4 fylgdist ISOR einnig med
efnasamsetningu neysluvatns i Lagum og vid Syrfell sem og efna-
samsetningu affallsvatns & Reykjanesi og nidurdaelingarvatns i
Svartsengi.

Eftir ad Orkuveita Reykjavikur hof nidurdeelingu affallsvatns vid
Husmula haustid 2011 hofst par mikil skjalftavirkni sem olli ibGum i
Hveragerdi &paegindum. Sérfraedingar ISOR toku péatt i vidamikilli
vinnu sérfraedihops a vegum Orkuveitunnar til ad greina vandann og
koma med radleggingar til hennar. Eitt meginhlutverk {SOR var a8
mota tilldgur um hvernig stadid skyldi ad nidurdeelingu i framtidinni
til ad draga r ahrifum nidurdaelingaskjalfta enda vann ISOR samhlida
pessu ad gerd slikra tillagna i storu rannséknarverkefni styrktu af
Evréopusambandinu og jardhitaklasanum GEORG. Jafnframt pessu
rak ISOR stadbundi& net jardskjalftamaela & Hismulasveedinu arid
2012 fyrir Orkuveituna.

High-temperature research

ISOR specializes in research and services related to the preparation,
construction and operation of geothermal power plants. In 2012
ISOR took part in drilling two high-temperature wells. One well was
a vertical well drilled for Landsvirkjun at peistareykir, NE Iceland,
down to a depth of 2194 m. The other well was directional, drilled
for HS Orka on the Reykjanes Peninsula to a depth of 1223 m.

In 2012 ISOR worked on several projects for Landsvirkjun, mostly
processing borehole data. The stratigraphy and alteration was
identified in cuttings from wells in peistareykir and Bjarnarflag in
NE Iceland. A great deal of borehole data was incorporated and
interpreted using the 3D Petrel software and from this conceptional
models of geothermal systems were constructed.

Geological formations and alteration were also identified from wells
in Grauhnukar, Hellisheidi, for Reykjavik Energy.

Extensive resistivity measurements were carried out on the
Reykjanes Peninsula in 2012. The results show the distribution of the
geothermal system in a 3D resistivity model. This model, in addition
to other data from Reykjanes, such as formation temperatures and
the distribution of alteration minerals were compiled resulting in
a conceptual model allowing these data to be interpreted and
presented in three-dimensions.

As in previous years ISOR managed temperature- and pressure
measurements in all production- and monitoring wells in the country.
ISOR continued to analyse the geochemistry of geothermal water
and steam from production wells in the Svartsengi and Reykjanes
geothermal fields as well as monitoring surface expressions on
Reykjanes. ISOR has also analysed the chemical composition of
drinking water from Lagar by Syrfell as well as the composition of
waste water from the Reykjanes power plant and reinjected water
from the Svartsengi power plant.

As Reykjavik Energy commenced reinjection by Husmdali from the
Hellisheidi power plant micro seismic activity increased dramatically
in the area and in the nearby Hveragerdi village. Specialists from
[SOR took part in an extensive project, initiated by Reykjavik
Energy, to diagnose the activity and to recommend solutions to
the problem. The primary function of ISOR here was to formulate
recommendations for procedures regarding reinjection in the future
in order to reduce the effects of reinjection on seismicity. At the
same time ISOR was working on this problem in a large research
project funded by the European Union and the geothermal cluster
GEORG. During these studies ISOR ran a local seismographic
network by Hismuli in 2012 for Reykjavik Energy.
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Pekking, aukin reynsla og tekniframfarir
hafa att stéran patt i proun vionamsmeelinga

Jarhitavirkni hefur mikil &hrif & edlisvidnam jardlaga og pvi eru
vidndmsmeelingar ein mikilvaegasta adferdin i yfirbordsrannséknum
vegna nytingar jardhita. [SOR hefur pvi lagt mikla aherslu 4 a fylgjast
med og taka patt i proun peirra og ad beita a hverjum tima nyjustu
og bestu adferdum vid meelingarnar og tdlkun maeligagna. Su préun
hefur verid nokkud or & seinustu premur aratugum, einkum vegna
aukinnar pekkingar og reynslu, framfara i rafeindataekni og tilkomu
oflugra télva.

Stort framfaraskref var stigid undir lok niunda aratugar sidustu aldar
pegar nyr skilningur fékkst & samhengi edlisvidnams og hitastigs i
jardhitakerfum. A svipudum tima leystu svokalladar TEM-maelingar
eldri jafnstraumsmeelingar af hélmi en paer hofdu verid notadar i
nokkra aratugi. TEM-maelingarnar reyndust mun édyrari og fljétlegri
en eldri adferdir og ad auki med meiri greiningarhaefni i efstu 800
1000 m jardskorpunnar. I byrjun sidasta aratugar tok ISOR einnig ad
beita svokolludum MT-maelingum sem skynja vidnamsbreytingar &
mun meira dypi en TEM-maelingarnar, eda 5-15 km (dyptarskynjunin
er had edlisvidnami). Vidnamsdreglur naerri yfirbordi geta bjagad
MT-maelingar en ekki TEM-maelingar. {SOR hefur préad hugbunad
sem leidréttir MT-maelingarnar med samtulkun vid TEM-meelingar.

ISOR héf ad beita svokalladri prividri (3D) tdlkun MT-maelinga i
kringum 2010. { prividri talkun eru allar maelingar 4 jardhitasveedinu
tulkadar med einu likani par sem vidnam getur breyst i allar attir.
Adur var hver maeling talkud fyrir sig og gert rad fyrir ad vidnam
breyttist adeins med dypi (einvid tulkun) og privitt likan sidan gert
med pvi ad brda milli einvidu likananna. Reynslan hefur synt ad
privid talkun gefur mun skyrari mynd en einvid tulkun og ekki er
eins mikil haetta & ad truflanir i einstokum maelingum hafi ahrif &
likanid. T prividri talkun er jordinni skipt upp i morg pusund kubba
og reynt ad akvarda edlisvidnamid i hverjum kubbi svo reiknud

Geothermal activity significantly affects the resistivity of geological
formations and consequently resistivity measurements are amongst
the most important methods in geothermal exploration and in
defining reservoir boundaries. ISOR has thus focused on monitoring
and participating in the development of these methods and the use
of state-of-the-art analytical methods and interpretation of the data.
This development has been rapid during the past three decades,
mainly due to increased knowledge, advances in electronics and
computer power.

A major advance was achieved in the late eighties when there
developed a new understanding of the relationship between
resistivity and temperature of geothermal systems. At the same
time, the scheme of resistivity measurements which had been in use
for several decades, was replaced by the new TEM measurement
techniques. TEM measurements were much cheaper and faster
than older methods as well as having more detailed accuracy
in the top 800-1000 m of the crust. At the beginning of the last
decade ISOR also applied the so-called MT measurements which
detect resistance changes to much greater depths than the TEM
measurements or 5-15 km. Unlike MT measurements, TEM
measurements are not distorted by resistivity anomalies near the
surface. ISOR has developed comprehensive software in which the
TEM measurements carefully correct the MT data.

Recently ISOR has been installing software for three-dimensional
(3D) interpretation of MT measurements. In the 3D interpretation,
a single resistivity model which fits all the MT measurements
profiles is sought for the whole survey area. Previously each
measurement was interpreted individually and it was assumed
that resistivity only changed with depth (1D interpretation) and
the three-dimensional model was developed by bridging between
the 1D models. Experience has shown that 3D interpretation gives
a much clearer picture than 1D interpretation and reduces the risk

V-A snid af Hengilssveedi. Efst til vinstri er privitt likan
ISOR, efst til heegri einvid samtdlkun TEM og MT
(ISOR), nedst til vinstri privitt likan LBNL og nedst til
haegri privitt likan UBC. Rauda linan afmarkar pad sveedi
bar sem maelingarnar hafa besta upplausn. Oll likénin
greina lagvidnamslag (laghitaummyndun) grunnt
og haerra vidnam fyrir nedan (hahitaummyndun). Oll
likonin sja djupsteett lagvidndm en dreifing pess er
nokkud breytileg.

W-E cross section of the Hengill area. Top left
shows ISOR’s 3D model, top right is a 1D combined
interpretation of TEM and MT (ISOR), bottom left
a 3D LBNL model and bottom right 3D UBC model.
The red line defines the area of best resolution.
All the models detect shallow low resistivity (low-
temperature alteration) and deeper high resistivity
(high-temperature alteration). All the models show
low resistivity at depth but with varying distribution.



svorun likansins falli ad maeligildum allra maelinganna. I flestum
tilfellum eru 6pekktu vidnamsgildin margfalt fleiri en meeligildin og
vidfangsefnid pad sem kallad er undirdkvardad, p.e. haegt ad herma
meeligildin med éendanlega mérgum likdnum. Vid pessu er brugdist
med pvi ad gera akvednar krofur til likansins, t.d. ad leyfa ekki mjog
skarpar vidnamsbreytingar og/eda ad likanid viki sem minnst fra
skilgreindu likani. Af sjalfu leidir ad nidurstodur prividrar tdlkunar
geta verid® mismunandi eftir pvi hver tdlkar og hvada skordur eru
settar.

Til ad kanna éareidanleika prividrar tdlkunar st6d ISOR fyrir pvi
innan fjolpjodlegs samvinnuverkefnis ad sému gognin fra tveimur
jardhitasveedum & fslandi, Hengli og Kréflu, voru talkud 6had af
bremur hépum, ISOR, Lawrence Berkely National Laboratory i
BNA og University of British Columbia i Kanada, og med premur
mismundi forritum. Nidurstadan var si ad maelisvaedin og par sem
meelingarnar hafa go6da upplausn bar likénum i megindrattum vel
saman en fjarlaegari hlutar likansins voru breytilegir og verulega
hadir byrjunarlikénum. Einn starfmadur {SOR er na i doktorsnami
med eitt af meginverkefnunum ad kanna enn betur hvernig best
er ad standa ad og hamarka areidanleika prividrar talkunar MT-
meelinga.

Leit ad laghita til hashitunar

Kortlagning a hitastigli i 50 til 100 m djapum borholum hefur reynst
arangursrik adferd til jarShitaleitar 4 fslandi utan gosbeltanna og 4
jadarsveedum peirra. Adferdin gagnast adeins a stodum par sem berg
naerri yfirbordi er naegilega pétt til ad varmi berist naer eingdngu um
bad med varmaleidingu en ekki med rennsli vokva. Einnig hefur ISOR
nylega tekid upp holusjarmeelingar (televiewer) i borholum med
g6dum arangri til ad meela stefnu og halla vatnsleidandi sprungna
sem borholur skera. Auk pess er haegt ad fa upplysingar um stefnu
virks spennusvids umhverfis holuna & peim tima sem hun er borud.

G&3Bur arangur nadist vid Hoffell i Hornafirdi. Jardhitaleit par hefur
stadid yfir med hléum i naer 20 ar. Haustid 2012 gerdi ISOR, ad
beidni RARIK, holusjarmaelingar i nokkrum borholum vid Hoffell og
kortlagdi pannig sprungur i holunum og stefnur peirra. A grundvelli
nakveemrar Urvinnslu pessara gagna, auk gagna um hitastigul og
jardfraedi svaedisins, var vinnsluhola HF-1 stadsett. Holan vard 1668
m djup og gaf um 7 L/s i sjalfrennsli en skammtimapréfanir benda til
pess ad holan geti gefid i deelingu um 20 L/s af ramlega 70°C heitu
vatni en med talsverdum nidurdraetti.

ISOR hefur annast hitastigulsmaelingar i Kjés og & grundvelli peirra
var borud djup rannséknarhola & M&druvollum 4 sidasta ari med
g6dum arangri. Holan skilar um 14 L/s af 80°C vatni i sjalfrennsli og
er nu grundvollur kominn fyrir hitaveitu i Kjésarhreppi.

{SOR vann vid hitastigulsrannsoknir i Horgérsveit 4 arunum 2011
og 2012 fyrir Nordurorku. Alls voru boradar sextan hitastigulsholur
& sveedinu. Flestar holurnar syndu daemigerdan, otrufladan
bakgrunnsstigul og géfu pvi engar visbendingar um ad nytanlegt
jardhitakerfi vaeri ad finna i byggd i Hérgardal eda Oxnadal framan
vid Laugaland & pelamork.

f Hrollleifsdal i Skagafirdi afla Skagafjardarveitur heits vatns fyrir
Hofsés og nagrenni Gr einni borholu. A grundvelli rannsékna ISOR
var énnur vinnsluhola borud & sveedinu sumarid 2012. Nyja holan
gefur baedi heitara og meira vatn en nlverandi vinnsluhola.

of interference by individual measurements affecting the model.
The 3D interpretation splits the Earth into thousands of blocks and
tries to assing resistivity value for each block. The 3D interpretation
is considerably more reliable and realistic than the 1D model, and
gives a much more satisfactory reproduction of the details in the
resistivity distribution.

To check the reliability of the 3D interpretation ISOR initiated an
international collaborative project in which the same data from two
geothermal areas in Iceland (Hengill and Krafla) were interpreted
independently by three groups (ISOR, Lawrence Berkeley National
Laboratory in the U.S. and University of British Columbia in Canada)
using three different softwares. The conclusion was that where the
measurements had a good resolution the models agreed generally
well, but the more distant parts of the model were variable and
dependent on the initial models for the inversion process. An
employee of ISOR is now, in his Ph.D studies, exploring how to
optimze the reliability of 3D interpretation of MT measurements.

Low-temperature geothermal exploration for
space heating

Mapping temperature gradients in 50 to 100 m deep wells has
proved to be an effective method of geothermal exploration outside
the volcanic zones in Iceland and at their periphery. This method
is only suitable in geological settings where the rock is sufficiently
compact for the heat to be transferred to the surface by conduction
rather than fluid flow. In addition, ISOR has recently adopted the
use of televiewer in wells giving excellent results in determining the
strike and dip of permeable fissures and cracks. In addition one can
define the direction of geological stress around the well at the time
of drilling.

Good results were achieved at Hoffell in Hornafjoérdur. Geothermal
exploration in the area has been ongoing intermittently for nearly
20 years. In the autumn of 2012 {SOR performed televiewer
measurements in several wells and mapped cracks and fissures. This
was a project requested by the Iceland State Electricity (RARIK). The
siting of well HF-1 was decided on the basis of a detailed analysis of
these data as well as data on the temperature gradient and geology
of the area. The well was drilled to 1668 m depth and gave about 7
L/s in free flow. Short term tests indicate that this may be increased
to 20-25 I/s of more than 70°C hot water using pumping but at the
cost of substantial draw-down.

ISOR has been in charge of temperature gradient measurements
in Kjos, SW- Iceland, and based on this research a highly successful
deep exploration well was drilled last year at Modruvellir. The well
discharges about 14 L / s of 80°C water which is now the basis for
district heating in the Kjos county.

ISOR executed temperature gradient studies in Horgsarsveit county,
N-Iceland, for Nordurorka Water and Power Company in 2011
and 2012. A total of sixteen gradient wells were drilled in the area.
Most wells showed background temperature gradient and gave no
indication of a usable geothermal system in the area.

In Hrollleifsdalur in Skagafjérdur, N-Iceland, Skagafjardarveitur
District Heating provides hot water for Hofsés village and nearby
vicinity from a single borehole. On the basis of research conducted
by ISOR another production well was drilled in the area in the
summer of 2012. The new well produces a greater capacity of water
at higher temperatures than the current production well.
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Eftirlit med jardhitakerfum

ISOR hefur annast marghattad eftirlit 4 Reykjanesi og Svartsengi
fyrir HS Orku, & Hengilssveedinu fyrir Orkuveitu Reykjavikur og i
Kroflu og Bjarnarflagi fyrir Landsvirkjun. Grunnur hefur verid lagdur
ad eftirliti med jardhitakerfum & beistareykjum & sidustu arum fyrir
Landsvirkjun.

Aztla mé massabreytingar, sem verda nidri i jardhitakerfunum
vegna vinnslu, med pvi ad fylgjast med breytingum i pyngdarsvidi
& jardhitasvaeda i vinnslu med nakveemum pyngdarmaelingum og
med GPS-maelingum. Vinnslan veldur massatapi en néattdrulegt
innstreymi og nidurdaeling vega upp & moéti henni. Samanlagt valda
pessir paettir massabreytingunum sem pyngdarmaelingarnar greina.
Pegar natturulegt innstreymi er litid midad vid vinnsluna verda miklar
pyngdarbreytingar en pegar pad er mikid verda litlar breytingar.
Med pvi ad endurtaka slikar maelingar & nokkurra ara fresti ma pvi
fylgjast med massabreytingum i vinnslukerfum med tima.

ISOR sinnir vinnslueftirliti fyrir flestar hitaveitur landsins. Par er m.a.
fylgst med efnasamsetningu jar8hitavokva, vatnsbordi og meta
sjalfbaerni vinnslunnar.

A rannséknarstofu ISOR eru teeki
til efnagreininga d jardhitavatni,
kéldu vatni, gasi, gufu, borsvarfi,
utfellingum og bergi.
Stofan hentar pvi vel fyrir reglulegt
vinnslueftirlit hitaveitna.

The ISOR laboratory is well equipped
for chemical analyses of
geothermal water, cold water, gas,
steam, drill cuttings, precipitations
and rocks.

It is therefore well suited
for the regular monitoring
for the district heating companies.




Monitoring geothermal systems

{SOR managed monitoring in Reykjanes and Svartsengi for HS Orka,
in the Hengill area for Reykjavik Energy and in Krafla and Bjarnarflag
for Landsvirkjun. During the last few years a structure has been
made for monitoring of the geothermal systems at Peistareykir for
Landsvirkjun.

It is possible to estimate density changes occurring in geothermal
systems because of exploitation using detailed GPS surveys
and gravimetric measurements which detect minute changes in
crustal deformation in the region. Geothermal exploitation results
in negative gravity changes whilst natural fluid recharge and re-
injection offset it, and these factors combined cause the gravity
changes that gravimetric measurements detect. When natural
recharge is small (relative to production) considerable gravity
changes occur but small when recharge is large. By repeating such
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Fylgst er med jardskjalftavirkni samhlida
Jjardhitaborunum a Reykjanesi

[SOR hefur sé8 um umhverfiseftirlit tengdu jarShitavinnslu &
Reykjanesi fyrir HS Orku. Einn af mikilveegum pattum eftirlitsins er
voktun smaéskjalfta sem geta fylgt hahitaborunum og nidurdeelingu.
Skjalftar sem tengjast vinnslu eru smair og parf pvi pétt net til ad
nema pa. ISOR gerdi tillogu ad maelaneti sem samanstendur af niu
meelum og er buid ad koma upp fimm peirra a sveedinu. Auk pessara
meela verdur einnig adgangur ad jardskjalftamaelum Vedurstofu
fslands. Vedurstofan hefur rekid jardskjalftamaela vid Grindavik,
Voga & Vatnsleysustrond og Nylendu (skammt frd Sandgerdi) fra
arinu 1997. Arid 2008 beettist einn maelir vid 4 Reykjanesi.

bradlaust net tengir maelana vid midstod & Raudholum a Reykjanesi.
bar er 3G-samband sem sér um ad koma gdégnum til Reykjavikur til
vardveislu og urvinnslu. Gagnasendingar og sjalfvirk Urvinnsla, sem
felur i sér sjalfvirka stadsetningu og steerdarmat, eru naer rauntima.
Skraningar og nidurstodur sjalfvirkrar drvinnslu er unnt ad skoda a
internetinu.

Jardskjalftavirkni hefur verid mjog litil & Reykjanesi fra 1975. A
timabilinu 1967 til 1975 urdu jardskjalftahrinur & Reykjanesskaga fra
Krisuvik Ut & Reykjaneshrygg. bad er sidasta stora hrinan, en paer
koma & 30 til 40 ara fresti a Reykjavnesi skv. sogulegum heimildum.
HS Orku pétti mikilveegt ad unnt veeri ad maela minni skjalfta og
sérstaklega hvort um vaeri ad raeda vinnslutengda skjélfta og skjalfta
sem tengdust borunum.

measurements every few years in a static measurement network, it
is possible to monitor any mass changes occurring in a geothermal
reservour which is being harnessed.

ISOR monitors most of the district heating companies in the country
in order to assess the chemical composition of geothermal fluids,
water level in wells and evaluation of the sustainability of the
utilization. Last year the foundation for environmental monitoring
of the high temperature areas in Northeast Iceland was made,
where the main focus was on the peistareykir area. The superficial
geothermal activity was mapped and thermal images taken
systematically to follow changes in the system over years. The
chemical composition of steam from chosen geothermal spots is
also monitored within the project.

Monitoring seismic activity during
geothermal drilling on the Reykjanes
Peninsula

ISOR has provided environmental monitoring services for HS Orka
in relation to geothermal exploitation on the Reykjanes Peninsula.
One important aspect is to scrutinize micro earthquakes which may
accompany high-temperature geothermal drilling and reinjection.
Earthquakes related to processing related to drilling operations are
small and therefore a dense network of seismometers is needed
to detect them. ISOR proposed a network consisting of nine new
seismometers in addition to the five existing ones in the area.
Furthermore, the network provided by the Iceland Meteorological
Office will also be accessible. The Met Office has operated
seismometers in Grindavik, Vogar on Vatnsleysustrénd and Sangerdi
since 1997. In 2008 another seismometer was added in Reykjanes.

Wireless network links all the seismometers to a centre in Raudholar
on Reykjanes. Here a 3G network transfers the data to Reykjavik for
analysis and storage. Data transmission and automatic processing
results in instantaneous positioning and the magnitude of all
earthquakes. These results can be viewed on the internet.

Seismic activity at Reykjanes has been low since 1975. During the
period of 1967 to 1975 seismic events occurred on the Reykjanes
Peninsula from Krisuvik to the Reykjanes Ridge. This was the last big
wave but these happen every 30-40 years according to historical
records. HS Orka believes it is important to detect and analyse small
tremors, particularly if those may be related to the geothermal
utilization or geothermal drilling in the area.
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Jardfraeedikort

ISOR hefur sérhaeft sig i gerd ymis konar jardfraedikorta
og hefur um aratuga skeid unnid ad kortlagningu vida
um land fyrir sveitarfélog og orkufyrirteeki. Jardfraedikort
eru undirstada umhverfismats, landnytingar og skipulags
i péttbyli og strjalbyli. Pau eru naudsynleg vegna nytingar
& audlindum landsins og forsenda skynsamlegrar
nattdruverndar. Einnig eru pau émissandi pegar meta a
heettu af véldum eldgosa, skridufalla, fl6da og jardskjalfta.

Aris 2010 gaf ISOR Gt fyrsta heildsteypta jardfraedikortid
i maelikvardanum 1:100 000 af Sudvesturlandi. Parna var
stigid skref i attina ad samfelldri jardfreedikortlagningu
gosbeltisins. I arslok 2012 téku ISOR og Landsvirkjun
hondum saman og gafu Ut jardfreedikort af nyrdri hluta
Nordurgosbeltisins i sama meelikvarda.

A bakhlis pess korts eru lysingar & 27 jardfreedilega ahuga-
verdum stodum sem einnig er haegt ad nalgast & vef ISOR
sem er ordinn adgengilegur snjallsimum.

Vonast er til ad jardfreedikortin i pessum meelikvarda verdi
6llum peim sem unna islenskri nattdru til gagns og gamans.

A arinu var gengid fra joklakorti af fslandi i maelikvardanum
1:500 000. Hofundar kortsins eru sérfraedingar hja Vedur-
stofu Islands, Bandarisku jardfraedistofnuninni (USGS) og
ISOR. ISOR sa um vinnslu kortsins en Vedurstofan gefur
pad Ut og er dzetlad ad pad muni koma Ut sumarid 2013.
A kortinu er Utbreidsla jokla landsins synd eins og htn var
um aldamotin 2000 og mesta Utbreidsla peirra & sdgulegum
tima sem vidast vard fyrir aldamétin 1900.

Geological Mapping

ISOR has specialized in making various categories of
geological maps and has for decades mapped across the
country for municipalities and energy companies. Geological
maps form the basis of environmental assessment, land use
and planning in urban and rural areas. They are essential
for the utilization of natural resources and practical
conservation. They are also vital when assessing the risk
from volcanism, landslides, floods and earthquakes.

In 2010 ISOR published the first complete geological map
in the scale 1:100 000 of Southwest Iceland. This effort
signifies a step towards comprehensive geological mapping
of the Iceland volcanic zones. By the end of 2012 {SOR and
Landsvirkjun joined forces and published a geological map
of the northerly part of the Northern Volcanic Zone in the
same scale. On the reverse of the map 27 sites of geological
interest are described. These are also available on the ISOR
website, which has now become accessible on smart phones.

It is anticipated that the geological maps of this scale will
be beneficial to all those with an interest in Icelandic nature
and landscape.

Last year a glacier map of Iceland on a scale of 1:500 000
was completed. Authors of the map are experts from the
Icelandic Meteorological Office, the American Geological
Institute (USGS) and ISOR. The map shows the ice sheet
cover as it was around the last millennium, and its maximum
extension around 1900. Processing of the map was executed
by [SOR and publication will be carried out by the Met Office
in 2013.
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Kortlagning hafsbotnsins — Leit ad kolvetnum
a Jan Mayen hrygg

ISOR hefur veitt Orkustofnun sérfraediadstod vid undirblning
fyrsta og annars Gtbods Islands & sérleyfum til rannsékna og
vinnslu kolvetnis & Jan Mayen hryggnum og vid ad fylgja peim
rannséknum eftir. Vinna vid gagnasafn, tulkanir og greiningar a
jardedlisfreedilegum gégnum eru & medal verkefna. Um er ad reeda
svaedi nordaustur af fslandi (Jan Mayen hrygginn og Drekasvaedid),
par sem rannséknarleyfi hafa pegar verid veitt, og sveedi austur og
sudaustur af landinu.

Med jardfraedilegum og jardedlisfreedilegum gdgnum er unnt
ad rekja jardfreedisogu Jan Mayen svaedisins. 1 peirri sogu ma
sja moguleika til kolvetnavinnslu & pessu svaedi. Best er ad bera
jardfreedi Jan Mayen svadisins saman vid pekktar bergmyndanir
& austurstrond Graenlands og vid syni fra landgrunni vesturjadars
svaedisins. bPar sem engin gogn eru til Ur djupum borholum & Jan
Mayen svaedinu hefur pad einnig reynst gagnlegur samanburdur
vid djupar borholur og meelingar sem gerdar voru & norska land-
grunninu medfram austurjadri sveedisins.

Nidurstodur rannsdkna bera vitni um setldg sem myndudust
a0ur en N-Atlantshafid opnadist og geetu hugsanlega verid
allt fra fornlifsold. pykkan stafla af hugsanlegu seti ma einkum
sja undir vesturhlidum svaedisins i Jan Mayen deeldinni en slikur
stafli er frumskilyrsi fyrir mogulegt kolvetnakerfi. Ari 2011
nadust ny hafsbotnssyni fra Jan Mayen svaedinu og fundust i peim
visbendingar um oliuleka fra juratimabilinu i nagrenni eins af
stéru misgengjabeltunum. Pad teljast jakvaedar visbendingar um
hugsanlegan kolvetnaforda & svaedinu. Meiri likur eru taldar & gasi a
djupstaedum sveedum og par sem eldvirkni hefur verid til stadar en
meiri moguleikar & oliu eru & grynnri hlidasvaedum.

Rannsoknum og kortlagningu verdur haldid afram hja ISOR i
samstarfi vid Haskola fslands og verdur sjonum einkum beint ad Jan
Mayen meginlandsflekanum. bzer rannséknir tengjast athugunum
sem unnid er ad & Graenlandi, i Noregi og a Stéra-Bretlandi til ad
auka pekkingu & edli uppbyggingar og setmyndunar & sveedinu og
nyta paer sem grunn fyrir frekari rannséknir a Gtbreidslu kolvetna.

Tectonic History of the JMMC

Seafloor mapping - Hydrocarbon exploration
on the Jan Mayen Ridge

Iceland GeoSurvey has provided geoscientific support and advice
to Orkustofnun, the National Energy Authority of Iceland, during
preparation of the first two rounds of issuing offshore hydrocarbon
exploration licenses. This has included work on a database, and
interpretation and analysis of geophysical data from areas off
northeast Iceland, the Jan Mayen Ridge and the Dreki licensing area,
as well as from areas to the east and southeast of Iceland.

The geological history of the Jan Mayen area can be traced through
geological and geophysical data. This history provides clues to
potential hydrocarbons in the area. Comparisons of the geology of
the Jan Mayen area with known formations on the eastern coast
of Greenland, and with samples from the continental shelf on the
area’s western margin, have proven instructive. Since there are no
deep borehole data available from anywhere in the Jan Mayen area,
comparisons with borehole data and other measurements from the
Norwegian continental shelf, along the area’s eastern margin, have
also been useful.

Seismic exploration has revealed sediments that were formed before
the opening of the North Atlantic Ocean and might even date from
the Paleozoic Era. A thick stack of possible sediment has been
detected below the western slopes of the area in the Jan Mayen
Basin. Such a stack is a requirement for a potential hydrocarbon
system. In 2011, a fresh set of seafloor cores from the Jan Mayen
area yielded evidence of a Jurassic oil seep in the vicinity of one of
the large fault zones. This is considered encouraging evidence of
possible hydrocarbon deposits in the area. Deep-seated formations
that have been affected by volcanic activity are thought to be
relatively more likely to contain natural gas, whereas the shallower
slope areas are considered better oil candidates.

Iceland GeoSurvey will continue exploration and mapping work, in
cooperation with the University of Iceland, with a focus on the Jan
Mayen microcontinent.

This work is connected to studies being carried out in Greenland,
Norway, and the United Kingdom which aim to increase under-
standing of the nature of the structure and deposition in the area
and that may serve as a basis for further research on the distribution
of hydrocarbons.



Kortabdk og stafreenn gagnagrunnur af
Jjardfraedilegri gerd Nordaustur-Atlantshafs

NAGTEC (Northeast Atlantic Geoscience TECtonostratigraphic Atlas)
er samstarfsverkefni jardfraedistofnana niu rikja i N-Evropu, fslands,
Danmerkur, Noregs, Fzereyja, Bretlands, frlands, N-Irlands, Hollands
og byskalands.

Verktimi: 2011-2014

Verki® er kostad med styrkjum fra oliuleitarfyrirteekjium & moti
helmingsframlagi hinna pjédlegu stofnana.

Verkid felst i Gttekt & hafsbotnsjardfraedi NA-Atlantshafsins. Pad
héfst & midju ari 2011 og mun ljuka 2014. P4 a ad liggja fyrir
kortabok af svaedinu d4samt stafreenum gagnagrunni. Allmikil vinna
var 1698 i verkefnid & starfsarinu, m.a. st6d ISOR ad radstefnu og
vinnufundum &samt me & kynnisferd um Sudvesturhornid i juni.
Innan vinnuhopsins ber ISOR abyrgd 4 Grvinnslu Gr gégnum sem
varda hafsbotninn kringum landid, baedi af landgrunninu sjalfu og
Uthafsbotninum langt sudur og nordur i hof. Jan Mayen sveedid er
einnig nanast alfarid undir hatti {SOR.

Verkefnid mun efla pekkingu & jardsogulegri préun NA-Atlants-
hafsins, opnun sveedisins, rekhrada og stefnu, eldvirkninni sem
par hefur ordid og préun setmyndunar. Verkefnid eetti einnig ad
veita nyja syn & segulsvid, pyngdarsvid, jardefnafraedi og hitaflaedi
jardskorpunnar. A8 auki feest pekking & hugsanlegum audlindum
og & nytingu peirra. Ma par nefna vitneskju um oliu- og gaslindir &
hafsbotni og likur & oliusveedum i islenskri 16gségu.

Azetlad er ad kortabokin verdi gefin Gt 4rid 2016 og stafreeni
gagnagrunnurinn verdi opnadur arid 2019.

Dypi @ MOHO. Vinnukort i NAGTEC-verkinu (6fullbuid).

Depth to MOHO. Preliminary map.

Atlas and digital database is created with the
evaluation of the geological characteristics of
the North-eastern Atlantic

NAGTEC (Northeast Atlantic Geoscience TECtonostratigraphic
Atlas) is a multinational research project by nine Geological Surveys
in Northern Europe, {SOR, Geological Survey of Denmark (Geus),
Norway (NGU), Faroe Islands (JF), the UK (BGS), Ireland (GSI), N
Ireland (GSNI), the Netherlands (TNO) and the Alfred Wegener
Institute (AWI) in Germany.

Project time: 2011-2014

Fifty per cent of the finance for the project comes from grants
made by oil companies, with the rest contributed by the national
institutions.

All relevant information that has been acquired in recent decades on
the Northeast Atlantic will be reviewed, coordinated and published
in an Atlas. In addition, all data will be made available in digital
form so they become more easily accessible within geographic
information systems (GIS).

It is anticipated that the project will increase knowledge on the
geological development of the Northeast Atlantic; including
the rifting history, spreading rate and direction, volcanism and
sedimentation. The project should also provide new insights into
the palaeomagnetism, gravity anomalies, geochemistry and crustal
heat flow. The practical gains are likely to be information on possible
natural resources and their potential for exploitation, including the
possibility of oil and gas resources in Icelandic waters.

It is estimated that the Atlas will be published in 2016 and the digital
database will be on-line in 2019.
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- water conservation and
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Jardsjor og fiskeldis

Um Reykjanesskagann rennur ekkert vatn a yfirbordi fra Leeknum i
Hafnarfirdi at fyrir Gardskaga og sudur fyrir Reykjanes og svo austur
um Selvog allt ad Olfusa. Oll Grkoma, sem & petta sveedi fellur,
sigur i jord og myndar grunnvatn sem leitar til sjavar og a einstaka
stad, eins og til deemis i Straumsvik, er verulega mikid vatnsrennsli
synilegt.

Jar®sjor er notadur til fiskeldis i storum stil & Vatnsleysu, i Vogavik,
Kalmanstjorn, Stad og Husatéttum i Grindavik og i borlakshofn. A
Reykjanesi er stor fiskeldisstdd i byggingu og ad auki eru 4form um
fleiri eldisstodvar.

A pessu svaedi er vida saltur sjor undir grunnvatninu. Ferska vatnid
er edlisléttara en sjérinn og flytur pess vegna ofan a. Fraeedilega eetti
vatn ad vera ferskt allt ad 70 m nidur fyrir sjdvarmal inni i LAgunum;
inni & midjum Reykjanesskaga og mids vegar milli Grindavikur og
Voga.

f raun eru pessi skil ekki alveg augljés, heldur bjagast pau vegna
misleitni i jardlogum og jardhita en parna rada hahitasveedin
sér & glidnunarbelti Reykjaneshryggjarins. Sums stadar neer
ferskvatnid langt Ut undir sjé, eins og til deemis i Sandgerdi og
Vogum & Vatnsleysustrond en par parf ad bora nidur i gegnum
grunnvatnslinsuna til ad komast i fullsaltan sjo6. Annars stadar er
afar grunnt nidur i jardsjéinn og pannig er til ad mynda hattad a
Kalmanstjorn og ekki sidur Gti & Reykjanesi. Par er nanast engin
ferskvatnslinsa, bara svellandi sjér sem naer langt inn i land.

ISOR hefur veitt radgjof vid borun & fjslmérgum sjoholum &
Reykjanesskaga, baedi vegna oflunar a keelivokva fyrir Reykjanes-
virkjun og ekki sidur til jardsjavarvinnslu fyrir fiskeldisstodvarnar.
Sumar af pessum holum eru einhverjar peaer gjofulustu sem um
getur um vida verold. Ur peim faest hreinn jardsjor sem ma nota an
nokkurrar medhondlunar i fiskeldisstodvunum. Hitastigid er oftast
naleegt 8°C, eda sem naest medalhita sjavar & pessum sl6dum. par
sem 16gd er ahersla & hef8bundnar laxfiskategundir er pad i laegsta
lagi og idulega hefur verid reynt ad baeta pad upp med jardhita par
sem haegt er. Pegar best tekst til feest hafilega volgur jardsjor

Uti & Reykjanesi er fyrirtaekid Stolt Sea Farm ad reisa risastora
fiskeldisstod. Aformad er ad nyta allt ad 4000 L/s af jardsjo en pad
er alika magn og rennur i Ellidadnum & gédum degi. Meiningin
er ad blanda um 8°C jardsjé saman vid keelivatnsafrennsli fra
Reykjanesvirkjun, sem sagt afgangsvarma fra orkuveri HS Orku,
volgan jardsjé sem annars rennur i sjoinn. Pannig feest haefilegt
hitastig fyrir reektun & senegalfliru sem lifir i riflega 20°C sjo.
Arid 2012 stj6rnadi ISOR rannséknum vegna borunar & fimm
vinnsluholum & svaedinu og gerdi maelingar & afkastagetu. par gilti
ad deela upp maelanlegu sjomagni med malanlegum nidurdraetti
og hafa hradan &. Nidurstadan var ad parna maetti né upp 6llu pessu
sjdbmagni a innan vid halfum hektara.

Brine and fish farming

The Reykjanes Peninsula is in many ways unusual and unique.
Almost no water is apparent on the surface along the peninsula,
while most precipitation disappears into the permeable ground and
forms groundwater which flows to the sea underground. In places,
for instance in Straumsvik, this groundwater flow can be observed
emerging from the lava sequence at low tide.

In this area, brine is widely detected beneath the groundwater.
Fresh water is lighter than sea-water and therefore floats on top.
Theoretically therefore, there are several places on the peninsula
where the water should remain fresh down to 70 m below sea level.

However, due to heterogeneous lithology and geothermal activity
this interface is not as clear as physics predict since geothermal
systems on Reykjanes are arranged along the diverging plate
boundary.In some places where the fresh water reaches far out under
the seabed. Therefore one needs to drill through the groundwater
layer to reach brine. Elsewhere the brine is at very shallow levels and
a fresh water lens is almost nonexistent far inland.

o

{SOR has been the consulting company during the drilling of
numerous brine wells on the Reykjanes Peninsula, both for the
acquisition of coolant for the Reykjanes power plant and for the
fish farming industries. Some of these wells are amongst the most
productive in the world, providing clean and pure brine which can be
used untreated in fish farming. The temperature is typically around
8°C, and thus close to the average sea temperature. This may be
boosted where possible by the addition of geothermal water for
fish farming.

Presently a sizeable fish farm is being constructed by the Stolt Sea
Farm on the Reykjanes Peninsula. The intention is to use up to 4000
L/s of brine when the farm is operational. The construction plan
mixes about 8°C brine with the warm surplus cooling water drainage
from the Reykjanes power plant which is otherwise discarded into
the sea. This yields a temperature suitable for the cultivation of
Senegal flatfish which lives in more than 20°C warm sea.

ISOR conducted trials associated with drilling of five production
wells in the area and evaluated their capacity in 2012. The results
indicated that all the necessary brine for the fish farm could be
retrieved from an area of less than half a hectare.
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Austur-Afrika

Kennsla og pjalfun, rannsoknir og uppbygging jardvarmavirkjana
Training, research and the construction of geothermal power plants




Sérfraedingar ISOR hafa i mérg ar unnid ad verkefnum tengdum
uppbyggingu jardhitavinnslu i Austur-Afriku. Helst ber ad nefna
pjalfun og kennslu & flestum svidum jardhitarannsékna. Einnig hefur
verid unnin rannséknar- og maelingavinna i ldndunum.

Mikill &hugi virdist vera hja alpjédasamfélaginu ad adstoda
Austur-Afriku vid uppbyggingu i orkuvinnslu Ur jardhita. Hafa
stofnanir & bord vid Alpjédabankann (WB), Franska préunarsjédinn
(AFD), KFW i byskalandi og Préunarsamvinnustofnun (PSS med
norskum préunarsjédum akvedid ad setja umtalsverdar upphaedir i
jardhitauppbyggingu & pessu svaedi.

Stjornvold i Kenia hafa akvedid ad storauka raforkuframleidslu i
landinu med nytingu jardhita en arid 2009 var talid ad 16% ibua hefdu
adgang ad rafmagni. Rannsoknir pykja benda til pess ad virkja megi
7.000 MWe i sigdalnum i Kenia. Fyrir eru virkjanir & Olkaria-sveedinu
samtals 210 MWe, su fyrsta fra arinu 1981. Tvaer 140 MWe virkjanir
og ein 50 MWe eru i byggingu og munu peer verda gangsettar 2014.
Auk pess eru 10-15 smavirkjanir (2-5 MWe) i burdarlidnum og paer
fyrstu raunar komnar i notkun. Fleiri storvirkjanir eru fyrirhugadar og
stefnt er ad aukinni framleidslun um 1500 MWe fyrir arid 2018 og
um 6nnur 4000 MWe til vidbotar fyrir arid 2030. Gert er rad fyrir ad
boradar verdi 1000 borholur og reistar 30 storar virkjanir i pessum
tilgangi.

Unnid var ad grunnrannséknum
vid Dallol-svaedid i Nordur-Epiopiu.
Um var ad raeda vidndmsmaelingar
(MT) og jardhitakortlagningu.

Basic research was carried out
in the Dallol-area of N-Ethiopia
involving resistivity measurements
(MT) and geothermal mapping.

Nyting jardvarma { Burundi

Tveir starfsmenn ISOR héldu i rannséknarleidangur til Bardandis i
Afriku i september 2012 & vegum Préunarsamvinnustofnunar fslands
(pSSf) til ad kanna maéguleika & nytingu jardvarma & sveedinu. Var pad
hluti af verkefni sem studlar ad nytingu jardvarma i I16ndum peim
sem eru i rekbelti Austur-Afriku. Gerdar voru forrannsoknir, eins og
jardfraedikortlagning, og syni tekin Ur laugum 4 jardhitasveedunum
vid Rusizi og Mugara. A3 auki var safnad 6llum peim gégnum sem til
eru um jardhita i naleegum hérudum. Markmid pessarar vinnu var ad
leggja mat & hugsanlega jardvarmanytingu i landinu og bera fram
tillégur um frekari rannséknir, rannséknarboranir og adgerdir sem
snerta jardvarma.

For many years, experts from {SOR have been engaged in numerous
projects relating to geothermal development in East Africa. Much
of this work has been to provide training and education in most
disciplines of geothermal research. In addition, many specialized
research and assessment assignments have also been accomplished
in several countries of East Africa.

The International community has shown great commitment
in assisting East Africa to build up the solid knowledge and
infrastructure necessary for the harnessing of geothermal energy.
Organizations such as KFW of Germany, the World Bank (WB),
the Icelandic International Development Agency in collaboration
with Norwegian development funds, the French Development
Fund (AFD) and others have allocated significant funding towards
geothermal development in this area.

The government of Kenya has made the decision to greatly increase
electricity production in the country using geothermal power for
industrial and domestic consumption. In 2009, it was estimated that
about 16% of the population of Kenya had access to electricity.

Studies seem to indicate that it may be possible to generate about
7,000 MWe in the Rift Valley in Kenya. Existing plants in Olkaria now
produce 210 MWe. Two 150 MWe and one 50 MWe power plants
are under construction to be on line in 2014. Furthermore 10-15
small power plants of 2-5 MWe are underway. The aim is to increase
production by 1,500 MWe by 2018 and additional 4,000 MW by the
year 2030. It is predicted that more than 1000 wells will be drilled
and some 30 large power plants constructed for this purpose.

A geothermal reconnaissance mission to
Burundi

A geothermal reconnaissance mission to Burundi was carried
out in September 2012 on behalf of the Icelandic International
Development Agency (ICEIDA) as a part of its support to geothermal
development in the East Africa Rift Valley countries. Geoscientists
from Iceland GeoSurvey visited Burundi and carried out preliminary
geological mapping and water sampling at the geothermal sites in
the Rusizi and at Mugara. A detailed desk top study on geothermal
activity in Burundi and adjacent provinces in neighbouring countries
was also carried out. The objective of this work was to provide an up
to date assessment of the geothermal resources in Burundi and make
recommendations for further action.
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Heildaruttekt a jardhitakerfinu i Olkaria
{ Kenia

Samstarfsverkefni ISOR, Vatnaskila, Verkiss og Mannvits.

Unnid fyrir KenGen (Kenya Electricity Generating Company) 2011-
2012.

Verkefnid folst i endurskodun svokallads hugmyndalikans af
Olkaria sveedinu & grundvelli yfirgripsmikilla, jardvisindalegra
gagna, uppsetningu nakveems reiknilikans af jardhitakerfinu, mati
a afkastagetu pess, tilldogum um framtidarrekstur, auk teeknilegrar
Uttektar & naverandi virkjunum, hagkveemnimati nyrra virkjana og
mati & umhverfisahrifum.

Olkariaereittaffjolmorgum eldstédva- ogjardhitakerfumiSigdalnum
mikla sem liggur i gegnum Kenia. Uppbygging til raforkuframleidslu
hofst i Olkaria i kringum 1975. NuUna er afkastageta priggja stérra
og priggja litilla virkjana samanlagt um 210 MWe. Fra 2007 hefur
KenGen borad meira en 60 djupar vinnsluholur med mjég gédum
arangri og hefur hafid byggingu tveggja 140 MWe virkjana til
vidbotar i Olkaria. Uttekt ISOR og samstarfsadila folst m.a. i pvi ad
meta hve mikid vaeri mégulega haegt ad virkja a svaedinu til vidbotar
vid peer virkjanir sem eru i gangi og byggingu.

Endurskodun hugmyndalikansins byggdist & ollum tilteekum
jardvisindalegum goégnum fyrir svaedid, par & medal jardfreedi-
gégnum, jardedlisfreedigdgnum og gdégnum um efnafreedi vatns
og gufu. En mikilveegust voru goégn Ur hinum fjéImérgu holum
sem boradar hafa verid i Olkaria, p.e. borholujardfraedigogn,
hita- og prystingsmaelingar, afkastamaelingar og gégn um vid-
brogd jardhitakerfisins vid vinnslu sidustu aratuga. A grundvelli
hugmyndalikansins og ofangreindra gagna var sidan gert vidamesta
og fléknasta reiknilikan sem sett hefur verid upp fyrir jardhitakerfid
i Olkaria. Reiknilikanid var svo notad til ad spa fyrir um vidbrogd
jardhitakerfisins vid mismunandi vinnslutilfellum og nidurstddurnar
notadar, asamt nidurstodum einfaldari likanreikninga, til ad meta
heildarafkastagetu jardhitasveedisins i Olkaria. Likdnin tvé voru
auk pess notud til ad setja fram hugmyndir um frekari rannsoknir,
aframhaldandi boranir vinnsluholna og fyrirkomulag nidurdzelingar,
enda gengid ut frd pvi ad ollu skiljuvatni af sveedinu verdi deelt
aftur nidur i jarShitakerfid. Pess er vaenst ad ISOR og Vatnaskil muni
adstoda KenGen vid uppfaerslu og vidhald beggja likana naestu arin.

General assessment of the Olkaria geothermal
system, Kenya

Cooperative project of {SOR Vatnaskil, Verkis and Mannvit

Prepared for KenGen (Kenya Electricity Generating Company), 2011-
2012.

The project involved a review of the Olkaria conceptual model using
comprehensive earth sciences data, development of a detailed
computational model for the geothermal system, the assessment of
production capacity, recommendations for future operations, as well
as technical evaluation of existing power plants, feasibility evaluation
of new power plants and environmental impact assessment.

Olkaria is one of numerous volcanoes and geothermal systems in
the Great Rift Valley which runs through Kenya. Infrastructure for
electricity began in Olkaria around 1975. Today, the power production
of three large and three small power plants totals about 210 MWe.
Since 2007 KenGen has drilled more than 60 deep production wells
with very good results and has begun the construction of a further
two 140 MWe power plants in Olkaria. The appraisal by ISOR and its
partners included the evaluation of how much more energy capacity
may be available for exploitation in the area, in addition to the plants
which are already operational or under construction.

Review of the conceptual model was based on all available geological
scientific data for the region, including geological data, geophysical
data and data on the geochemistry of water and steam. Of most
importance was information gathered from the numerous wells that
have been drilled in Olkaria, ie borehole geology data, temperature and
pressure measurement, discharge measurement and data concerning
the response of the reservoir to the exploitation accurring over the
last decade. On the basis of the conceptual model and the above data
it was possible to construct the most extensive and comprehensive
computational model so far for the Olkaria geothermal system. The
model was then used to predict the response of the reservoir to the
different exploitation scenarios and the results used to assess the
overall capacity of the Olkaria geothermal area. The two models were
also used to present ideas on further research, continued drilling of
production wells and the process of re-injection, as the intention is
to re-inject all the excess water back into the geothermal system. It is
expected that {SOR and Vatnaskil will assist KenGen in upgrading and
maintenance of both models in coming years.



Geothermal Training and Education

Sérhaefd jardhitanamskeid & vegum Jardhitaskolans og ISOR
Customer-designed courses organized by UNU-GTP and {SOR

012 Training in borehole geology organized for GDC in Kenya

2012 Multidisciplinary on geoscientific and geothermal

exploration organized for KenGen in Kenya
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L atin America

and the Caribbean =
Romanska-Amerika
og Karibahaf

Radgjof, kennsla og pjalfun vegna jardhitaverkefna




Ahugi fyrir endurnyjanleqgum orkugjéfum
{ Chile

Kol og jardgas hafa verid adalorkugjafarnir i Chile en nd er mikill vilji
medal stjornvalda ad snua sér ad endurnyjanlegum orkugjéfum og
vonir bundnar vid jar8hitanytingu i landinu.

ISOR hefur rekis radgjafar- og pjonustuskrifstofu i Chile,
GeoThermHydro, asamt verkfraedistofunni Verkis fra arinu 2009.
Verkefnin hafa fyrst og fremst verid radgjof og pjonusta vardandi
tdlkunjardvisindalegra gagna, radgjof vid borun, hdnnun & borholum
0g umsjon med gerd Gtbodsgagna. ISOR hefur verid adalradgjafi
koparnadmufyrirteekisins  Collahuasi  (CMDIC) i jar8hitamalum
fra arinu 2010. Einnig hefur ISOR veitt namufyrirteekinu Minera
Excondida Limitada (MEL) radgjof i tengslum vid azetlanir peirra
um endurnyjanlega orkugjafa. A sidasta ari var haldid tveggja
vikna jardhitanamskeid fyrir starfsfolk jardvisindastofnunar Chile,
SernaGeomin.

Jardhitarannsoknir a Dominiku i Karibahafi

Verkefnid er fiarmagnad af Préunarsjodi Evropusambandsins (EDF),
prounarsjédi Frakklands (AFD) og yfirvdldum & Dominiku. 2011-
2012

[SOR vann ad jardfredirannséknum, borholumaelingum, efna-
freedirannséknum og radgjof vid borun priggja rannséknarholna
a jardhitasvaedinu Wotten Wawen & eyjunni Déminiku i Karibahafi.
Nidurstddur rannsodkna leiddu i ljos allstort jardhitakerfi sem er
um 250°C heitt. Fyrirhugad er ad bora tvaer holur til vidbotar. ISOR
mun sja um rannsoknir auk afkastaprofana og umhverfisvoktunar.
Jar8boranir hf. borudu fyrstu prjar holurnar og munu einnig
bora nyju holurnar. Stefnt er ad pvi ad reisa 5-10 MWe virkjun i
Wotten Wawen fyrir heimamarkad og préfa jafnframt sveedid og
sjd hvernig pad bregst vid vinnslu til ad meta afkastagetu pess.
Framtidarhugmyndir fela i sér byggingu steerri jardhitavirkjunar og
ad selja raforkuna um saestreng til neerliggjandi eyja. A eyjunum
i kring er raforkuframleidsla ad stérum hluta med brennslu
jardefnaeldsneytis.

Interest for renewable energy sources in Chile

Historically, coal and natural gas have been the main energy
sources in Chile, however the government is now showing interest
in renewable energy resources such as geothermal energy. ISOR
has operated a subsidiary office in Chile, GeoThermHydro, since
2009. Until now, projects have mainly involved advice and services
related to geological interpretation of scientific data, consulting
during drilling, borehole design the oversight of the preparation
of tendering documents. ISOR has been the principal geothermal
consultant for the Collahuasi copper (CMDIC) mining company from
2010. ISOR has also advised the Minera Excondida Limitada (MEL)
mining company in relation to their plans for renewable energy
sources. Last year {SOR held a two week geothermal module for the
employees of the Chilean geosciences department, SernaGeomin.

Geothermal research on the Caribbean island
of Dominica

The project is funded by the European Development Fund (EDF), the
French Development Fund (AFD) and the authorities in Dominica.

2011-2012.

ISOR operated geological studies, borehole logging, geochemical
research and consulting services during the drilling of three
exploration wellsin Wotten Wawen area in Dominicain the Caribbean.
The findings of ISOR’s research revealed quite a large geothermal
system of about 250°C. Two additional wells are planned. ISOR will
conduct the research, well testing and environmental monitoring.
Iceland Dirilling Ltd. drilled the first three wells and will also drill
subseqent wells. It is hoped that a 5-10 MWe power plant will be
installed to test the area and see how it responds to exploitation.
Future projects include the construction of a larger geothermal
plant and possibly the installation of a submarine cable to export
power to the neighbouring islands. Electricity on those islands is
largely produced by burning fossil fuels.
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Midlun pekkingar og pjalfun vegna
jardhitavinnslu i Nikaragva

JarBhitaverkefni bréunarsamvinnustofnunar Islands (PSS)

{SOR var adalradgjafi PSSI vid undirbdning og framkvaemd verksins.
patttaka: Meira en 500 Nikaragvamenn, fra orku- og namaradu-
neytinu, umhverfisraduneytinu, haskélum, fyrirteekjunum Polaris og
GeoNica.

35 starfsmenn {SOR, einnig starfsmenn fra Orkustofnun, Umhverfis-
stofnun, Skipulagsstofnun, Orkuveitu Reykjavikur, Reykjavik Geo-
thermal og Verkis.

Markmid verkefnisins var ad byggja upp pekkingu i jar8hita-
malum, einkum hja embaettismonnum, en skortur par a potti
hamla frampréun jardhitavinnslu i landinu. Verkefnid beindist
adallega ad tveimur raduneytum, orku- og namaraduneytinu og
umhverfisraduneytinu.

Verkefnid var fjolpaett og skiptist i meginatridum i ad veita taekni-
lega adstod, kennlu og pjalfun og ad byggja upp innvidi. Sem
deemi ma nefna ad unnid var ad mati & nidurstodum jardhitaleitar
og rannséknaborana, tulkun & fordafraedilegum gdgnum, gerd
matsaaetlunar fyrir umhverfiséhrif jardhitaverkefna og kortlagningu
a laghitasveedum.

Haldin voru fjslmérg nédmskeid fyrir minni og steerri hépa. Atta
sérfreedingar voru sendir i Jardhitaskdla Haskdla Sameinudu
bjédanna 4 Islandi. ISOR skipulagdi yfir prjatiu namskeid og malstofur
i Nikaragva. Einnig voru skipulagdar pjalfunar- og kynnisferdir til El
Salvadors og Islands. bar a8 auki voru haldin ymis fagleg namskeid
i Nikaragva og nagrannaléndunum, s.s. Kosta Rika, El Salvador og
Mexiké. Enn fremur var starfsmonnum raduneytanna bodid upp a
ymis almennari namskeid, t.d. vardandi landfraedileg upplysingakerfi,
i stjornun og ensku. Eins og fyrr segir beindist verkefnid einkum ad
porfum starfsmanna raduneytanna tveggja en leitast var vid ad
bjoda sem flestum heimamdnnum ad taka patt i namskeidum pegar
pad var haegt. Pa er einkum verid ad tala um starfsmenn haskéla og
erlendra jardhitafyrirteekja med starfsemi i landinu.

Uppbygging innvida beindist fyrst og fremst ad orku og nama-
réduneytinu. bar studdi bSSI stofnun jarShitadeildar vi raduneytis
og lagdi henni til skrifstofubinad, bil og ymsan annan bunad. pa
lagi PSS til taekjabtinad fyrir efnarannsoknarstofu sem er sérhaefd
til rannsoékna & jardhita. Rannséknarstofan er nd i ISO geeda-
vottunarferli. A3 sidustu ma nefna ad ISOR proadi gagnagrunnskerfi
til ad halda utan um jardhitagdgn MEM en pvi er lyst & 68rum stad
i pessari arsskyrslu.

Capacity building to meet the challenges of
geothermal development in Nicaragua

ICEIDA Development Project

{SOR was ICEIDA's maon consultant in preparing and exrcuting the
project.

Participation: More than 500 Nicaraguans, from the Ministry
of Energy and Mines (MEM), the Ministry for the Environment
(MARENA), universities and the companies Polaris and GeoNica

35 ISOR employees, also employees from Orkustofnun, the
Environment Agency, the National Planning Agency, Reykjavik
Energy, Reykjavik Geothermal and Verkis.

The objective of the project was to build capacity in the geothermal
field, especially with civil servants, but a lack thereof was considered
to hinder progress in geothermal utilization in the country. The
project was mainly directed at two ministries, the Ministry of Energy
and Mines (MEM) and the Ministry for the Environment (MARENA).
ISOR was ICEIDA's main consultant in preparing and executing the
project.

The project was many-faceted but was mainly concerned with
technical assistance, teaching and training, and the improvement of
infrastructure. For example, work was carried out on the results of
geothermal exploration, the interpretation of reservoir engineering
data, the preparation of ToR for environmental impact assessment
for geothermal projects and mapping of low temperature
geothermal areas.

Several courses were given for large and small groups. Eight trainees
were sent to the United Nations University Geothermal Programme
in Iceland. ISOR organized more than 30 courses and seminars in
Nicaragua. Training and introductory trips to El Salvador and Iceland
were also organized. In additon various specialized courses were held
in Nicaragua and neighbouring countries, i.e. Costa Rica, El Salvador
and Mexico. Furthermore the employees from the ministries were
given an opportunity to take part in more general courses such as
on Geographical Information Systems, Management and English.
As stated above, the project was primarily aimed at the needs of
the civil servants but an effort was made to offer as many local
people as possible the opportunity to take part in courses, namely
university staff and employees of foreign geothermal companies
operating in the country.

The strengthening of infrastructure was mainly aimed at the
Ministry of Energy and Mines (MEM) where ICEIDA supported
the establishment of a geothermal department, and supplied it
with office equipment, a vehicle and various other equipment. In
addition ICEIDA supplied the equipment for a chemical laboratory
which specializes in geothermal research. The laboratory is presently
undergoing an ISO quality assurance process. Furthermore ISOR has
developed a data base for MEM's geothermal data. This system is
decribed elsewhere in this Annual report.

An External Final Evaluation of the project was carried out by an
independent party and in its estimation the project was extremely
successful in all respects. The conclusion of the evaluating party is
that the money invested in ICEIDA's geothermal project in Nicaragua
was money well spent.



Geothermal Training and Education

ISOR hefur sé3 um stéran hluta af pjalfun og kennslu nemenda vid
Jardhitaskola Haskola Sameinudu pjédanna. Namid stendur i sex
manudi og & arinu Utskrifadist steersti arangurinn til pessa, eda 33
nemendur. Fra stofnun jardhitaskélans hefur 81 nemandi komid fra
Rémonsku-Ameriku og Karibahafi.
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ISOR 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, 33 students, completed their six-month
studies this year.

Sérhaefd jardhitanamskeid.

Customer-designed courses.

A Short Course on Geothermal Exploration and
2011 Development. Organized by the UNU-GTP in El

Salvador, for the Organization of American States.

General Course on Geothermal Exploration,
2012 22 B Development and Administration for public servants,
Organized by GeoThermHydro for Servicion Nacional

de Geologia y Mineria de Chile - SERNAGEOMIN.

Short Courses and Workshop for Central America organized by the UN
Geothermal Training Programme and LaGeo in El Salvador.

2012 Geothermal Development and Geothermal Wells
2011 Geothermal Drilling, Resource Development and Power Plan

2009 Surface Exploration of Geothermal Resources
2007 Resource Assessment and Environmental Management
2006 Workshop for Decision Makers on Geothermal Projects

Namskeid haldin af UNU-GTP i samstarfi vid LaGeo
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Information Technology
Upplysingateekni

Vardveisla, drvinnsla og miblun gagna

Protection, processing and presenting of data

Venslagagnagrunnur fyrir jardhitagégn
auk vefvidmots fyrir jardhitadeild orku-
og ndmuraduneytis Nikaragva

Verkefnid er hluti af jarShitaverkefni Préunarsamvinnustofnunar
fslands (pSS)

2009-2012

Meginpaettir verkefnisins voru geymsla og styring jardhitagagna,
baedi rannséknar- og vinnslugagna.

Hannadur var gagnagrunnur sem byggist & Microsoft SQL styri-
kerfinu. Gagnagrunnurinn hefur ad geyma 30 toflur i tveimur
flokkum, borholutéflur med upplysingum um borholur og
efnafraeditéflur med upplysingum um efnasyni fré jarShitasveedum
og orkuverum, auk efnagreininga & synum.

Sérstakt vefvidmot var hannad til ad skra gogn i grunninn, breyta
peim, skoda og vinna ur. Samskipti notenda vid gagnagrunninn
fara fram gegnum vefvidmoétid sem buid er ymsum kostum. Peir
sem hafa umsjon med gagnagrunninum nota auk pess sérstakan
hugbudnad til samskipta vid grunninn.

Kennsluefni um gagnagrunninn var Utbuid og inniheldur pad um
150 gagnagrunnsfyrirspurnir. bar er ad finna spurnir sem nytast vid
ad ryna i toflur og gogn grunnsins, styra gégnum og lagfaera, og svo
til pess ad lista Gt gogn & ymsan mata.

Med réttri nytingu mun gagnagrunnurinn og vidmoétid gera pad
kleift ad vardveita a 6ruggan hatt og hagnyta vel pau jardhitagogn

A Relational Geothermal Database and Web-
Interface for the Geothermal Division of the
Ministry of Energy and Mines in Nicaragua

A project for the Geothermal Division of the Ministry of Energy and
Mines in Nicaragua (MEM) within the framework of the geothermal
project of ICEIDA, 2009-2012.

This project was focused on data management for geothermal data,
both exploration and production data.

Microsoft SQL Server, a relational database management system,
was chosen as a system for the MEM database, which currently
comprises around 30 tables. The two main tables groups are the
borehole tables group, storing data concerning boreholes, and
the chemical tables group regarding collected samples from the
boreholes and all the various geothermal sites and power plants,
along with analysis of the samples.

A special web-based interface was designed to interact with this
database for inserting, updating, viewing and retrieving data. Almost
all database interaction goes through this web-interface, which has
various advantages. Those who are in charge of administrating the
database use standard tools besides the web-interface to manage
the database.

Teaching material was prepared with around 150 queries for
managing data. Included are queries that can be used for reviewing
tables and the database data, for managing data and making



sem safnast vid préun og vinnslu jarhita i Nikaragva.

Venslagagnagrunnar geyma gogn og vardveita pannig ad nyting
gagna verdi sem mest og best. Pad felur i sér ad geta nalgast gdgn
Ur gagnagrunni med hradi, ad geta nytt innbyggd forrit og mogu-
leika sem gagnagrunnskerfinu fylgja, og ad skoda goégnin med
ymiss konar yfirlitum og mismunandi syn. Pad studlar ad auknum
skilningi & jardhitagdgnum og gefur meira og betra yfirlit yfir pau,
sem og jardhitaverkefnin i heild.

Hénnun a gagnagrunni um proun
jardhitavinnslu ( Afriku

Samték um préun jardhitavinnslu i Afrikusigdalnum (The African
Rift Geothermal Development Facility, ARGeo) heyra undir
Umhverfisstofnun Sameinudu pjédanna (UNEP) sem sér um
framkveemd & préunarverkefninu. Samtokin stydja vid préun
jardhitavinnslu i Austur-Afriku og er adalmarkmid verkefnisins ad
minnka &haettu vid kdnnun audlindanna. Préunarsamvinnustofnun
fslands (bSSI) er einn pétttakenda og fjagrmégnunaradila ARGeo
verkefnisins.

ISOR hannadi gagnagrunninn um préun jardhitavinnslu i
Austur-Afriku  fyrir ARGeo-verkefnid med fjarhagsadstod fra
pSSi. Meginmarkmidid med gagnagrunninum er ad veita 6llum
einkaadilum og opinberum stofnunum, sem standa ad eda munu
standa ad préun og fijarmdégnun jardhitavinnslu i heimshlutanum,
upplysingar um stodu jar8hitamala i vidkomandi 16ndum Afriku.
Vonast er til ad gagnagrunnurinn nytist vel sem studningur vid
préun jardhitavinnslu i Afriku. Sérstakt vefvidmot var hannad til
samskipta vid gagnagrunninn til ad skrd gogn, uppfera pau og
skoda. bar eru birtar upplysingar um jar8hitaverkefni, stodu peirra
og fjarmégnun, auk tengdra gagna um mannaud og taeki sem til eru
eda med parf i viskomandi [6ndum. Gangasafnid er ekki zetlad til ad
vista gégn um sjalfar jardhitarannsoknirnar eda jardhitavinnsluna,
sér i lagi ekki gogn um edlis- eda efnafreedimeelingar. Reiknad er
med ad gagnagrunnurinn studli ad hnitmidadri verkefnum og meiri
samhafingu sem byggist & nyjustu pekkingu um ndverandi stodu.
Jafnframt ad nd megi hdmarksnytingu 4 peim teekjum og mannafla
sem er til stadar med samvinnu vidkomandi landa.

ISOR hélt namskeid i Nairobi sem hafdi pad markmid ad midla
pekkingu um uppbyggingu og innihald grunnsins og veita hinum
25 patttakendum fra 11 Austur-Afrikulondum verklega pjalfun i
skraningu og notkun gagnagrunnsins, sem og ad raeda framtidarnot
hans og préun.

Sem stendur er gagnagrunnurinn hystur hja ISOR & Islandi en
UNEP/ARGeo i Nairobi ritstyrir gagnasafninu og sér um pad par.
Umbodsadilar i hverju landi verda abyrgir fyrir pvi ad nyjar og réttar
upplysingar rati avallt i gagnasafnid med pvi ad kalla eftir og fara yfir
ny og breytt gogn fra samléndum sinum og sja um ad koma peim
nyskraningum og breytingum i gagnagrunninn. { framtidinni verdur
gagnagrunnurinn opinn almenningi til skodunar.

corrections, and for retrieving various data from the database.

With the correct usage the database and the web-interface will
provide a very useful tool to safely and systematically store and
use the valuable data retrieved from the geothermal developers in
Nicaragua.

Relational databases store and preserve data and make their
utilisation most effective. This includes to be able to swiftly access
data from the database, to be able to utilise in-built programs and
functions in the database system and to look at the data from
various points of view. This increases understanding of geothermal
data and gives a better overview of both the data as well as the
geothermal projects as a whole.

Database design for the development of
geothermal in Africa

The African Rift Geothermal Development Facility (ARGeo) is a
programme being implemented by the United Nations Environment
Programme (UNEP). It aims at supporting the development of
geothermal resources in East Africa with the main objective of
reducing the risks associated with the resource’s exploration. ICEIDA
(Icelandic International Development Agency) is one of the partners
and co financiers of the ARGeo programme.

The African Geothermal Development Database was developed
by ISOR for the ARGeo programme. It is based on previous work
performed by ISOR for ICEIDA on compilation of geothermal data
from the region. The main objective of the database is to provide
geothermal related information about the East African countries
to all private and public entities who are/will be involved in the
geothermal development and investment in the region. This is
with a view to useing the database as a platform to promote the
development of geothermal energy by archiving and making
available all scattered information in the region.

The database is accessed through a web interface. It provides an
overview of geothermal development in the African Rift region
by storing information on geothermal projects, their status and
funding, as well as related information on inventory of human
resources capacity and equipment available or required in the
countries concerned. The database is not designed to store
geothermal research or production data, in particular not data such
as the results of physical or chemical measurements.

The database is expected to contribute to more focused projects
with better coordination based on up to date knowledge about
the present status. Such an inventory should also contribute to
optimization of resource use by cooperation among the countries
in the region and pooling existing resources.

A short database training course was held in connection with
the ARGeo-C4 conference in Nairobi, Kenya, in November 2012.
The course was facilitated by {SOR with the objective to transfer
knowledge on the content of the geothermal database and give
the 25 participants from 11 East African countries practical training
in operating the database and discussing it's future use and
development.

At this stage the database is hosted by ISOR in Iceland and UNEP/
ARGeo is moderating and managing the database in Nairobi. Focal
points have been appointed in all relevant countries and these will
be responsible for keeping the content of the database up to date
by reviewing and uploading new data relevant to their countries. In
the future the database will allow open access for the public.
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Starfsmenn ISOR ritudu auk pess fjolda greina fyrir
rédstefnur og fagrit.

Greinar og fyrirlestrar eftir ymsa hofunda i Utgefnu
efni fra Jar8hitaskdlanum eru adgengileg & heimasidu
skolans og & www.gegnir.is

Articles and lectures from a number of contributors
published by the UN Geothermal Training Programme
can be found at the web site of the school and at
www.gegnir.is

INn Memoriam

Jens Témasson jardfreedingur / geologist 1925 - 2012

Jens Témasson jardfreedingur Iést pann 24. oktéber sidastlidinn & 88.
aldursari. Jens feeddist 22. september 1925 og 6lIst upp i Reykjavik. Hann
ték studentspréf fra Menntaskdlanum i Reykjavik og sigldi sidan til nams
i jardfraedi vid haskolann i Oslé og lauk padan Cand.real. gradu 1962.

Er heim kom rédst hann til starfa a skrifstofu raforkumalastjéra sem sidar
vard Orkustofnun og lauk par starfsferlinum arid 1995, sjétugur ad aldri.

Hitaveituveeding var hafin er Jens kom til starfa, og jokst af enn meiri
krafti eftir ad fyrsta oliukreppan reid yfir. Meginverkefni hans tengdust
borunum, jardfreedipattum jardhitakerfanna og vatnsgengd. Ein af peim
pekkingarleidum voru borholugdgnin. Jens var medal peirra sem par
voru i forystu og for fyrir borholujardfreedi og var deildarstjori peirrar
deildar fra 1979. Hann styrdi verkefnum Orkustofnunar sem unnin voru
fyrir Hitaveitu Reykjavikur & héfudborgarsvaedinu af mikilli elju um langt
skeid. A starfsaevi Jens var geysileg gerjun i jardhitavisindum & Islandi,
par sem &hersla var 16gd & ad 6dlast vidamikla pekkingu & audlindinni.
bar lagdi Jens fram mikilveegan skerf, og moétadi peer starfsadferdir
vid borholurannséknir sem nd er unnid eftir. Eftir hann liggur fjoldi
freedigreina og skyrsina sem oft er vitnad i.

Jens og Porsteinn Thorsteinsson, samverkamadur hans, komu ad fyrstu
orvunaradgerdum a borholum med svo kalladri pokkun, en pa er freistad
pess ad opna tregar holur med vatnsprystingi nedan pakkara sem
paninn er Gt i holuvegg & akvednu dypi. Urdu Jens og Porsteinn sidan
lykilmenn i slikum 6rvunaradgerdum og peim mikid dhugamal ad proda
og beita adferdinni til ad auka vinnslugetu borholna og jafnvel breyta
tregum borholum i &flugar vinnsluholur. Var adferdinni beitt i flestum
vinnsluholum Hitaveitu Reykjavikur 4 arunum 1970-1985. Sidasta
adkoma Jens ad sliku verki var 6rvun 2700 m djuprar borholu fyrir
Hitaveitu Seltjarnarness sem gaf nanast ekkert pegar fullu dypi var nad.
pa héfst 6rvun holunnar og styrdi Jens verkinu. Eftir daglanga adaelingu
vatns undir miklum prystingi opnadist holan Ut i &d sem gaf og gefur
enn mestan hluta pess vatns sem Hitaveita Seltjarnarness notar.

Jens var gladlyndur og gédur félagi i og utan vinnu og minnisteedur
6llum sem hann pekktu er hressilegur og smitandi hlatur hans i g6dra
vina hépi.
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Geologist Jens Tomasson passed away on October the 24th 2012
in his 88th year. Jens was born on September 22nd 1925. He spent
his formative years in Reykjavik, passing his Abitur Examination from
Reykjavik Grammar School, and subsequently leaving to study at
the University of Oslo, where he completed his Cand. Mag. and later
Cand. Real degree in geology in 1962.

He began his career in the office of the Director of Electricity in
1963, and in 1964 moved to the geothermal department. Jens' area
of research was into the properties of high and low temperature
geothermal systems, and to this end he employed all the available
data from boreholes pertaining to geology, alteration, water veins,
and stimulation of boreholes. The methodology used in the study
of borehole geology at ISOR today is to a large extent based on
his work. He was Head of the Borehole Geology Department of
Orkustofnun from 1979 and managed Orkustofnun’s projects for
Reykjavik Heating Company in the capital with great commitment
and diligence.

Jens published a large number of papers and reports on geothermal
energy and his papers are still widely quoted as part of our basic
knowledge of geothermal systems. Jens was a cheerful, agreeable
colleague. Those who were privileged to share his company
particularly remember his great sense of fun and infectious laughter.
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Ljosmyndir i skyrslunni eru teknar af starfsfolki {SOR nema
annad sé tekid fram.
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